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EDITORIAL

Diabetes and premature death

: Andrei C. Sposito’
Carlos Serrano?

1. Full Professor of Cardiology, Faculty of Medical Sciences, State University of Campinas (Unicamp), Campinas, SP, Brasil

After overcoming, in the last century, the obstacle
of a short life expectancy of about third years, hu-
manity was faced with an amplitude of challenges as-
sociated to the several genetic vulnerabilities linked
to lifestyle changes and aging. At the center of these
dis-adjustments, is the type II diabetes mellitus (DM
IT). Despite the persistence of the unbalance in the
calorie intake and lack of physical activity, according
to estimates by the International Diabetes Founda-
tion (IDF), the expansion curve for the incidence of
DM2 shows a slight deceleration, at a ratio of 0.5%.
However, the condition has already affected 7% of the
world population of adults and is the cause of around
10% of all deaths™®. Thus, a diagnosis of DM2 means
a decrease of up to two decades in life expectancy,
according to the type and prematurity of the DM2
found®. Besides, morbidities such as amaurosis, de-
mentia, neuropathies, and chronic kidney disease
make this condition a topic of absolute urgency and
relevancy.

Since it started being recorded, cardiovascular
disease (CV) has been responsible for 80% of deaths
of individuals with DM2"°. Thus, several observation-
al and interventional studies sought to identify the
primary mediators for CV risk in individuals with

2. Editor in chief — Journal of the Brazilian Medical Association, Sdo Paulo, SP, Brasil

http://dx.doi.org/10.1590/1806-9282.65.1.1

DM2 in order to improve the risk estimate and inter-
vene slowing down the high mortality. Blood glucose
control was the most significant intervention for re-
ducing mortality. However, the intensive control of
blood glucose levels to values close to those of healthy
individuals did not present any benefits™ and, in one
of the studies, was even associated with an increase
in mortality (+2.9 deaths for every 1,000 patients/
year®. Likewise, the control of the arterial pressure
(-3.2 deaths for every 1,000 patients/year per 10 mm
Hg)® and the LDL cholesterol (-2.1 deaths for every
1,000 patients/year per 39 mg/dL)* were critical el-
ements in this strategy for risk control. Similarly to
the blood glucose control, the intensification of these
interventions did not present any benefits regarding
survival™'®. In addition, anti-diabetes therapies were
associated with an increase in the incidence of car-
diovascular diseases™.

The high residual mortality and the uncertainty
of the CV effects of the therapies led to a demand for
new treatments systematically tested by cardiovas-
cular safety studies. Despite having been outlined to
asses safety, two classes of anti-diabetic medication
have shown a reduction in mortality regardless of
the effect on glucose: sodium-glucose cotransport-

DATE OF SUBMISSION: 11/06/2018 DATE OF ACCEPTANCE:11/09/2018
CORRESPONDING AUTHOR: andreisposito@gmail.com
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er-2 (SGLT-2i) inhibitors (-9 deaths for every 1,000
patients/year)®® and Glucagon-like peptide-1 (GLP-1)
agonists (-4 deaths for every 1,000 patients/year)™.
Thus, over the last five years, not only the reduction
of the possibility of prolonging the life of DM2 pa-
tients was demonstrated, but it was done as an addi-
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in diabetic participants of two brazilian cohorts: a
place far from heaven

Nestor S. Martins™

Daniel S.S. Mello™

Joaquim Barreto?
Alexandre A.S. Soares?
Ikaro Breder?

Jessica Cunha?

Wilson Nadruz'

Otavio R. Coelho-Filho
José Roberto Matos-Souza"
Otavio R. Coelho'

Daniel B. MunhoZz'

José Carlos Quinaglia e Silva®
Andrei C. Sposito!

Luiz Sergio F Carvalho?

*The co-authors had an equal contribution for this present article.

1. Cardiology Department, Faculty of Medical Sciences, State University of Campinas (Unicamp), Campinas, SP, Brasil
2. Laboratory of Vascular Biology and Atherosclerosis (AterolLab)
3. School of Higher Education in Sciences and Health, Brasilia, DF, Brasil

http://dx.doi.org/10.1590/1806-9282.65.1.3

SUMMARY

OBJECTIVE: Diabetes is one of the leading causes of cardiovascular mortality. Over the last years, mortality has decreased significantly,
more in individuals with diabetes than in healthy ones. That is mostly due to the control of other cardiovascular risk factors. The ob-
jective of our study was to analyze the dyslipidemia control in two diabetes cohorts.

METHODS: Patients from two distinct cohorts were studied, 173 patients from the BHS (Brasilia Heart Study) and 222 patients from the
BDS (Brazilian Diabetes Study). The data on dyslipidemia control were studied in both different populations. All patients had diabetes.

RESULTS: There are significant differences concerning comorbidities between the LDL-C and BDS groups. The average glycated hemo-
globinis of 8.2 in the LDL-C > 100 group in comparison with 7.7 and 7.5 in the 70-100 and < 70 groups, respectively (p = 0.024). Thereis a
higher percentage of hypertensive patients with LDL between 70-100 (63.9%), when comparing the < 70 and > 100 groups (54.3% and
54.9%, respectively; p = 0.005). Diastolic pressure is higher in the group with LDL > 100, with an average of 87 mmHg, in comparison
with 82.6 mmHg and 81.9 mmHg in the 70-100 and < 70 groups, respectively (p = 0.019). The group with LDL > 100 has the greatest
percentage of smokers (8.7%) in comparison with the groups with LDL between 70-100 and < 70 (5.6% and 4.3%, respectively; p =
0.015). There is also a difference in the previous incidence of coronaropathy. In the group with LDL < 70, 28.3% of patients had already
experienced a previous infarction, compared with 11.1% and 10.6% in the 70-100 and > 100 groups, respectively (p < 0.007).

CONCLUSIONS: The data in our study have shown that the dyslipidemia control in diabetic patients is inadequate and there is a tenden-
cy of direct association between lack of blood glucose control and lack of dyslipidemia control, in addition to the association with other
cardiovascular risk factors, such as diastolic hypertension and smoking. This worsened control might be related to the plateau in the
descending curve of mortality, and investments in this regard can improve the cardiovascular health in diabetic patients.

KEYWORDS: Dyslipidemias. Diabetes mellitus. Risk factors. Targets.
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CORRESPONDING AUTHOR: Luiz Sérgio F de Carvalho
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PREVALENCE, TREATMENT, AND CONTROL OF DYSLIPIDEMIAIN DIABETIC PAR

ICIPANTS Of

WO BRAZILIAN COHORTS: A PLACE FAR FROM HEAVEN

INTRODUCTION

Diabetes is a huge cause of morbidity, mortality
and economic impact. It affects 415 million individ-
uals worldwide', with an increase in prevalence over
the past years, going from 4.7% in 1980 to 8.5% in
2014, most significantly in countries with low and
medium income®. In Brasil, the estimated prevalence
is of 8.1%. It is the direct cause of 6% of all deaths
in the country, in addition to contributing to 31% of
deaths attributed to cardiovascular disease®.

Over the last 30 years, cardiovascular mortality
was substantially reduced, more so in diabetic indi-
viduals than in healthy ones, reaching a plateau af-
ter 2008-2010.%® In large part, this more favorable
evolution of the cardiovascular prognosis in diabetic
patients was due to an improved response to acute
cardiovascular care in this population and also the

TABLE 1: CHARACTERISTICS OF PATIENTS ENROLLED
IN THE BRAZILIAN DIABETES STUDY

improvement in the treatment of comorbidities such
as hypertension and dyslipidemia.

The response to the lipid-lowering treatment has
been widely demonstrated, and each reduction of 40
mg/dL (1 mmol/L) in LDL cholesterol translates into
20% less incidence of more serious cardiovascular
events and 16% less cardiovascular mortality.® Inter-
estingly, in a subanalysis of the Improve-IT study,
only diabetic patients benefited from the addition of
ezetimibe on top of the maximum dose of statin.”

Despite the relevancy of the subject, adherence to
the lipid-lowering treatment is probably the most sig-
nificant barrier and must represent part of the expla-
nation for the plateau in the curve of mortality trend
over the last decade. However, data on the control of
LDL cholesterol in Brasil are very scarce and incon-
sistent. The most relevant data available on the sub-
ject comes from the Elsa study (Longitudinal Study
of Adult Health) and suggests that the adequate con-

TABLE 2: CHARACTERISTICS OF PATIENTS ENROLLED
IN THE BRASILIA HEART STUDY

LDL-C, mg/dL LDL-C, mg/dL
>100 70-100 <70 p >100 70-100  [<70 P
N (222) 104 (47%) |72(32%) |46 (21%) N (173) N3 (65%) |37(21%) |23 (13%)
Demographics Demographics
Age, years 58669  |59.8+71 611465 0106 Age, years 6224:99 |6451114 |6148+10.8 |0.441
Schooling, years  [10.8#41  |1061#47  |996%45 |0.538 Schooling, years |7.3%4 7.245 7.6%5 0944
Men. % 538 556 739 0,058 Men, % 67.3 649 739 0.759
2
Medical history BMI, kg/m 2774 28.2t6 27424 0726
Previous AMI, % |10.6 111 283 <0.001 Medical history
H 0, 0, 0, o,
Smokers, % / For-|87/317  |56/306  |43/283 | 0015/ Previous AMI% __ |124% | 210%  |217% 0093
mer smokers, % 0.0M Smoker, % 69.9 67.6 69.6 0.964
Hypertension, % |54.8 639 543 0.005 Hypertension, % 29.2 189 304 0.442
Hemodynamics Hemodynamics
SBP, mmHg 149.47+22.0 |143.75+20.4 [145.71£20.6 | 0177 SBP, mmHg 137430 [141#36  |128+26 0317
SBP, mmHg 8709+132 |8265+102 |819+128 |0019 SBP, mmHg 87419 86120  |82+19 0579
+ + +

HR, bpm 7813t12.5 |7501#11.53 |7433t110 |0114 HR, bpm 8117 80+16  |72+18 0099

Biochemistry
ER, % 576+116 606291 59462 0782

Blood glucose, mg/ |206+87 200484 191+98 0.741
Biochemistry dL
B|o7(§iLg|ucose, 17262696 |163.8t584 |1591+54.8 |0.439 HbAlc, % 81423 81+2.0 81419 0.983
me Cr, mg/dL 116£035 |118t052 |115:0.71 |0.966
HbA1c, % 8.2+2.0 77414 75413 0.024

HDL-C, mg/dL 39.0+9.8 |370+104 [271+100 |<0.001
Creatinine, mg/dL |0.89:0.22 |0.88:018 |0.94t020 |0.316 LDL-C, mg/dL 12074349 1883280 15674138 <0001
HDL-C, mg/dl 4252124 |442+134 4302143 0681 TG, mg/dL 166.7:732 |142.2490.8 |175.4+1301 |0.247
LDL-C,mg/dL  |1354%321 |881+80 580£10.5 |<0.001 PCRus, mg/L 1392225 |245%404 (226420 |0120
TG, mg/dL 2345138 |1587t926 |153.7+156.5 |<0.001 Treatment
PCRus, mg/L 042t054 |032t032 |035:t041 0343 Simvastatin, % 288 27.8 304 0976
Treatment SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; HbA1C:
Simvastatin. % 21 38 53 <0.001 glycated hemoglobin; TG: triglycerides; CRP: ultrasensitive C-reactive protein.

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; HbA1C:
glycated hemoglobin; TG: triglycerides; CRP: ultrasensitive C-reactive protein.
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trol of dyslipidemia in the general population is low-
er than 10%.8 However, it is well known that the Elsa
population had an educational background different
from that of most of the Brazilian population (52.6%
with complete higher education). In the diabetic pop-
ulation, data are even more scarce, which has limited
the development of public policies that address this
group of patients.

The purpose of this study is to analyze data con-
cerning the dyslipidemia control in diabetic patients
using the population from two Brazilian cohorts.

METHOD

The population of this study is composed of indi-
viduals from two distinct cohorts, with 173 patients
from the BHS (Brasilia Heart Study) and 222 patients
from the BDS (Brazilian Diabetes Study). There were
no patients who participated in both cohorts.

Brasilia Heart Study

The patients included in the BHS were consecu-
tively enrolled provided they presented a diagnosis
of infarction with ST-segment elevation admitted
within 24 hours of the onset of pain at the Basic Hos-
pital of the Federal District, the largest public hos-
pital of the Federal Capital. A total of 173 patients
admitted between 2006 and 2017 were included in
the analysis. The inclusion criteria were: (i) less than
24 hours from the onset of the AMI symptoms; (ii)
ST-segment elevation of at least 1 mm (frontal plane)
or 2 mm (horizontal plane) in two contiguous leads;
(iii) evidence of myocardial necrosis due to the rise
in CK-MB and troponin; (iv) glycated hemoglobin
> 6.5% or a previous diagnosis of diabetes with use
of anti-diabetic medication; (v) absence of cognitive
incompetence that prevents the verbal response to
medical questionnaires or the return to medical con-
sultations. During the evaluation, will be carried out:
(i) anthropometry; (ii)analysis of dietary composition
through a recall questionnaire; (iii) general medical
records; (iv) blood samples for biochemical analysis
and separation of plasma and DNA for freezing at -
80°C. In the plasma biochemical analysis of the first
evaluation will be measured: glycated Hemoglobin,
insulin, C-peptide, blood glucose, total cholesterol,
triglycerides, HDL cholesterol, high-sensitivity C-re-
active protein, urea, and creatinine. This study was ap-
proved by the ethics committee of the Federal District
Secretariat of Health, and all patients enrolled signed

an informed consent form authorizing the study.

Brazilian Diabetes Study

The BDS is a cohort formed between 2016 and
2018 with diabetic patients admitted after a cam-
paign in print media, radio, and television. Thus,
the population studied is composed of voluntary di-
abetic individuals assessed in the Clinical Research
Center (CPC) of the State University of Campinas
(Unicamp). The inclusion criteria were: (i) patients
with type 2 diabetes mellitus (DM2), (ii) between 40
and 70 years old, (iii) absence of cognitive incompe-
tence that prevents verbal response to medical ques-
tionnaires and the informed consent form. The ex-
clusion criteria were: (i) patients diabetes mellitus
phenotypes other than DM2; (ii) insulin-dependent
individuals. In the first assessment, the study was
explained in detail to the patients, and the informed
consent form was presented. Then, the patients’
identification and contact information were collect-
ed, followed by the medical history and a complete
physical examination; the arterial pressure mea-
sured while seating and standing, the abdominal
circumference, height, and weight were recorded.
Finally, the patient’s pharmacological characteriza-
tion was recorded, and a diabetic polyneuropathy
assessment conducted, in addition to data concern-
ing the socioeconomic conditions and lifestyle. The
research ethics committee of Unicamp approved
the study, and all the patients signed the informed
consent form in order to be enrolled in the study.

Statistical analysis

The quantitative data were presented as aver-
age +/- standard deviation. Comparison between the
groups was carried out using the Student t-test for
parametric continuous variables, the Mann-Whitey
test for non-parametric continuous variables, and
the ¥2 test for continuous variables. The statistical
analysis was performed using the SPSS version 20.0
(SPSS Inc., Chicago, 1llinois, USA).

RESULTS

In the Brasilia Heart Study, there were no statis-
tically significant differences in demographic factors
between the groups with the best and worst dyslipid-
emia control (age, years of formal education, sex, and
body mass index). The average of formal education in
the cohort was 7.32 of studying. As for the dyslipid-
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emia control, 21% of the patients reached LDL-C < 70
(good), 32% between 70-100 (intermediate) and 47% >
100 mg/dL (inadequate).

As for the prevalence of comorbidities between
the LDL-C groups, there was also no statistically sig-
nificant difference between the prevalence of chron-
ic liver disease and hypertension, and the average
glycated hemoglobin in the groups with LDL-C < 70,
LDL-C = 70-100, and LDL-C > 100 mg/dL was of 8.1 (p
= 0.966), which suggests that the adequate control
of LDL-Cis independent from the adequate control of
blood glucose targets.

In the Brazilian Diabetes Study (BDS), there were
also no statistically significant differences between
the LDL-C groups in comparison with demographic
factors. The is a non-significant tendency of a greater
number of men in the LDL-C < 70 (73.9%) group in
comparison with the 70-100 and > 100 mg/dL groups
(55.6% and 53.8%, respectively; p = 0.058). Although
the average formal schooling in this cohort (10.57
years of studying) is higher than in the BHS cohort,
the dyslipidemia control was worse, with only 13% of
patients reaching DL-C < 70 (good), 21% between 70-
100 (intermediate), and 65% > 100 (inadequate).

However, there are noteworthy statistically signif-
icant differences concerning comorbidities between
the LDL-C groups. Concerning diabetes, there was a
higher lack of blood glucose control in the group with
a greater lack of dyslipidemia control. The average gly-
cated hemoglobin is of 8.2 in the LDL-C > 100 group
in comparison with 7.7 and 7.5 in the 70-100 and < 70
groups, respectively (p = 0.024). There is a higher per-
centage of hypertensive patients with LDL between
70-100 (63.9%), when comparing the < 70 and > 100
groups (54.3% and 54.9%, respectively; p = 0.005). Dia-
stolic pressure is higher in the group with LDL > 100,
with an average of 87 mmHg, in comparison with 82.6
mmHg and 81.9 mmHg in the 70-100 and < 70 groups,
respectively (p = 0.019). The group with LDL > 100 has
the greatest percentage of smokers (8.7%) in compari-
son with the groups with LDL between 70-100 and < 70
(5.6% and 4.3%, respectively; p = 0.015). There is also
a difference in the previous incidence of coronaropa-
thy. In the group with LDL < 70, 28.3% of patients had
already experienced a previous infarction, compared
with 11.1% and 10.6% in the 70-100 and > 100 groups,
respectively (p < 0.001). Thus, it is reasonable to con-
clude that chasing more aggressive targets of LDL-C is
more frequent for diabetic patients in secondary pre-
vention than to those on primary prevention.

DISCUSSION

Our work was one of the few in Brasil that pro-
posed to evaluate the dyslipidemia control in diabetic
populations. The results show that in both popula-
tions the control is beneath the desired (prevalence
of adequate control of 32% in BHS and 13% in BDS)
and that the prevalence of dyslipidemia is high.

A similar study was Elsa, composed of public
servants from six institutions of higher education
and research in Brasil. The prevalence of diabetes,
however, was of only 19.1%, and the control with
LDL < 70 was reached in 2.5% patients.® Another
critical difference in this study is the level of formal
education, with a greater prevalence of individuals
with completed higher education. This suggests a
higher socioeconomic level of the participants, with
a likely prevalence of patients who already had
medical follow-up by private or insurance medical
professionals.

The difference in the prevalence of a previous cor-
onaropathy found in the BDS can be explained by the
secondary prevention since patients with a previous
ischemic event usually have a more intense and rig-
orous control of dyslipidemia.®

Other findings of the BDS are compatible with
previous results in the literature: the patients with
worst dyslipidemia control have a higher incidence
of smoking™ in this same population, present a

"3 and, lastly, which is

higher diastolic pressure
the purpose of the research, a worse blood glucose
control was found in patients with higher levels of
LDL14,15.

In the Elsa study, it was found that the preva-
lence, awareness, and control of dyslipidemia were
higher in men, black, and with less formal educa-
tion.® In the populations studied in our work, how-
ever, we found a higher dyslipidemia control in pa-
tients with lower levels of formal education. Again,
the greater prevalence of patients with a higher
socioeconomic level among the group with higher
formal education might suggest a follow-up by pri-
vate or insurance doctors. In this sense, the guide-
lines by the Brazilian Society of Endocrinology and
Metabolism proposes to identify the cardiovascular
risk for each patient, considering that each diabet-
ic individual has a unique risk and, thus, rejecting
the theory that everyone has a high cardiovascular
risk. In contrast, the guidelines by the Brazilian So-
ciety of Cardiology (SBC) suggests strict targets for
LDL-C, at < 70 for everyone with high cardiovascu-
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lar risk - a group that includes diabetic individuals.
This recommendation is based on studies that show
a decrease in cardiovascular events in diabetic pa-
tients undergoing a strict control of lipids'®8.

As limitations, we can mention the small sample
of patients in each of the cohorts used in our work
in comparison with the Elsa study, for example. Be-
sides, there were no statistically significant associ-
ations between the groups of patients of the BHS.
Lastly, the inclusion criteria in the cohorts usually
selects patients with specific profiles; thus, the data
found are not representative of the general diabetic
population in Brasil.

In conclusion, there are few data on the dyslipid-

emia control in the Brazilian population, especially
in people with diabetes. The data in our study shows
that the control is inadequate and that there is a
tendency of direct association between the lack of
blood glucose control and the lack of dyslipidemia
control, in addition to the association with other
risk factors, such as diastolic hypertension and
smoking. The limited control of dyslipidemia might
be related to the plateau in the curve of mortality
trend for diabetic individuals over the last decade.
Inventing in the control of comorbidities, such as
dyslipidemia, can potentially prolong survival and
translate into improved cardiovascular health for
diabetic individuals.

OBJETIVO: O diabetes ¢ importante causa de mortalidade cardiovascular. Nos dltimos anos, a mortalidade diminuiu substancialmente,
mais em diabéticos do que em ndo diabéticos, em grande parte devido ao controle de outros fatores de risco cardiovasculares. Nosso
estudo tem como objetivo analisar o controle de dislipidemia em duas coortes de diabéticos.

METODOS: Foram estudados pacientes de duas coortes distintas, sendo 173 pacientes do BHS (Brasilia Heart Study) e 222 pacientes do
BDS (Brazilian Diabetes Study). Os dados sobre controle de dislipidemia foram estudados nas duas populacées diferentes. Todos os
pacientes eram diabéticos.

RESULTADOS: Hd diferencas significativas em relacdo ds comorbidades entre os grupos de LDL-C no BDS. A média de hemoglobina
glicada é de 8,2 no grupo com LDL-C > 100, comparado com 7,7 e 7,5 nos grupos 70-100 e < 70, respectivamente (p = 0,024). Ha maior
porcentagem de pacientes hipertensos com LDL entre 70-100 (63,9%), quando comparado aos grupos < 70 e > 100 (54,3% e 54,9%,
respectivamente; p = 0,005). A pressdo diastélica é mais elevada no grupo com LDL > 100, com média de 87 mmHg, comparado com
82,6 mmHg e 81,9 mmHg nos grupos 70-100 e < 70, respectivamente (p = 0,019). O grupo com LDL > 7100 tem maior porcentagem de
tabagistas (8,7%) quando comparado aos grupos com LDL entre 70-100 e < 70 (5,6% e 4,3%, respectivamente; p = 0,015). Hd, tam-
bém, diferenga na incidéncia prévia de coronariopatia. No grupo com LDL < 70, 28,3% dos pacientes jd apresentaram infarto prévio,
comparados com 11,1% e 10,6% nos grupos 70-100 e > 100, respectivamente (p < 0,007).

CONCLUSAO: Os dados do nosso estudo mostram que o controle de dislipidemia em diabéticos é inadequado, e hd uma tendéncia de
associagdo direta entre descontrole glicémico e descontrole de dislipidemia, além de associagdo com outros fatores de risco cardiovas-
cular, como hipertensdo diastélica e tabagismo. Esse pior controle pode estar relacionado ao platé no descenso da curva de mortali-
dade, e o investimento nesse quesito pode melhorar a sadide cardiovascular dos diabéticos.

PALAVRAS-CHAVE: Dislipidemias. Diabetes mellitus. Fatores de risco. Metas.
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SUMMARY

OBJECTIVE: Metabolic syndrome (MS) is a clinical entity that associated with increased risk of type 2 Diabetes Mellitus (DM) and car-
diovascular diseases. Serum uric acid levels are correlated MS criteria. We hypothesized whether a uric acid to HDL-cholesterol ratio
(UHR) could predict diabetic regulation and presence of MS in type 2 diabetic subjects.

METHODS: Admissions of the subjects with type 2 DM to outpatient clinics of our institution were retrospectively analyzed. Study pop-
ulation grouped into well-controlled and poorly controlled diabetics according to the HbATc level (cut off 7%) and further grouped into
type 2 DM with and without MS according to the presence of MS. UHR of study groups compared.

RESULTS: A hundred diabetic subjects enrolled. Mean UHR was significantly lower in well-controlled diabetics (9.7 + 3.7%) compared to
poorly controlled subjects (14 + 5.4%) (p<0.001). Median UHR of diabetics with MS (13 (6-29) %) was greater than that of the diabetics
without MS (9 (3-16) %) (p<0.001). UHR greater than 11% has 77% sensitivity and 60% specifity in predicting worse diabetic control
(AUC: 0.752, p<0.001) and a UHR greater than 10.6% has 83% sensitivity and 71% specifity in predicting MS (AUC: 0.839, p<0.001).
Sensitivity and specifity of UHR in predicting MS were better than most of the sensitivities and specifities of the five criteria of MS.

CONCLUSION: We suggest utilization of UHR in diagnosis of MS as a novel criteria. Nevertheless, prospective studies with larger popu-
lation may make a better scientific evidence in that issue.

KEYWORDS: Metabolic syndrome. Diabetes mellitus, type 2. Uric acid. HDL-cholesterol.

INTRODUCTION

The term of metabolic syndrome (MS) first used
by Haller and Hanefeld1 and was defined as combi-
nation of risk factors attributable to adverse events,
such as, type 2 diabetes mellitus and cardiovascular
diseases. Synonyms of MS are syndrome X, Reav-
en syndrome, dysmetabolic syndrome X, CHAOS,
plurimetabolic syndrome, the deadly quartet, and

insulin resistance syndrome2. Although definition
of combined parameters of MS varies, a harmonized
definition was accepted by International diabetes
Federation (IDF), American Heart Association/Na-
tional Heart, Lung and Blood Institute (AHA/NHLBI),
the World Heart Federation, the International Ath-
erosclerosis Society, and the International Associa-
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O HDL-CHOLESTEROL RATIO IS ASTRONG PREDICTOR O

tion for the Study of Obesity in 2009. Combination
of three or more of 5 criteria (systolic blood pressure
>130 mmHg or diastolic blood pressure =85 mmHg
or treated, fating plasma glucose>=100mg/dl or treat-
ed, waist circumference =102 cm in men and 88 cm
in women, HDL-cholesterol <40 mg/dl in men and
<50 mg/dl in women, triglyceride =150 mg/dl) make
the diagnosis of MS.

Uric acid is synthesized by the enzyme xanthine
oxidase during the metabolism of purines. High lev-
els of serum uric acid contribute to development of
adverse conditions3. Criteria of MS were found to be
correlated with serum uric acid levels4-6. Population
with higher uric acid levels are more likely to develop
MST7.

Both type 2 diabetes mellitus (DM) and MS are
considered as metabolic disorders. Presence of MS
and its components are increased by elevated serum
uric acid levels in type 2 diabetic subjects8.

According to strong relation between serum uric
acid and type 2 DM and MS, we hypothesized wheth-
er a uric acid to HDL-cholesterol ratio (UHR) could
predict diabetic regulation and presence of MS in
type 2 diabetic subjects.

METHOD

Admissions of the subjects with type 2 DM to
outpatient clinics of our institution between Octo-
ber 2017 and January 2018 were retrospectively an-
alyzed, after institutional approval obtained. Type 2
diabetics were enrolled to the study. Exclusion cri-
teria were as follows; pregnancy, active malignant
disease, treatment with drugs that interfere with
serum uric acid levels (thiazides, furosemide, ace-
tyl salicylic acid, etc...) and on medications that may
alter serum lipid levels (i.e. statins, fibrates, niacin).
Subjects with established hemolytic conditions and
end stage renal failure were also excluded.

Age, gender, height, weight, waist circumference,
duration of diabetes mellitus, systolic blood pressure
and diastolic blood pressure were recorded from the
patient files and computerized database of our clinic.
Body mass index (BMI) is calculated with division of
weight (in kg) by square of height (in meters). Arith-
metic mean of blood pressure that measured in con-
secutive 2 clinic visit in both arms were used as blood
pressure measures.

Laboratory parameters, such as, fasting plasma
glucose, blood urea, serum creatinine, total-choles-

terol, LDL-cholesterol, HDL-cholesterol, triglyceride,
serum uric acid, glomerular filtration rate (eGFR),
glycated hemoglobin (HbAlc) were obtained from
the same database and patient files. Plasma non
HDL-cholesterol was simply calculated by following
formula: total cholesterol- HDL cholesterol. UHR is
calculated with division of serum uric acid by HDL
cholesterol. Uric acid to non HDL cholesterol ratio
is measured by the following formula: uric acid/non
HDL cholesterol.

Patients grouped in to two groups according to
HbAlc levels. Diabetics with HbAlc lower than 7%
were classified as well-controlled type 2 DM group
and subjects with HbAlc equal to or greater than 7%
were classified as poorly controlled diabetics.

Study population were grouped into another two
groups according to the presence of MS. Diagnosis
of MS established according to the 2009 harmonized
criteria of IDF, AHA/NHLBI, the World Heart Feder-
ation, the International Atherosclerosis Society, and
the International Association for the Study of Obe-
sity. Presence of three of five criteria (systolic blood
pressure >130mmHg or diastolic blood pressure >85
mmHg or treated, fasting plasma glucose>100mg/dl
or treated, waist circumference 2102 cm in men and
88 cm in women, HDL-cholesterol <40 mg/dl in men
and <50 mg/dl in women, triglyceride >150 mg/dl)
make the diagnosis of MS.

Data were analyzed by SPSS software. (SPSS 15.0;
IBM Inc., Chicago, IL, USA). Distribution of the vari-
ables in study groups were conducted by Kolmog-
orov-Smirnov test. Homogenously distributed vari-
ables expressed as mean + standard deviation and
compared with independent samples t test. Non-ho-
mogenously distributed variables were expressed as
median (minimum-maximum) and compared with
Mann Whitney U test. Categorical variables were
compared in study groups with Chi-square test. Re-
ceiver Operative Characteristics (ROC) analyze used
to determine cut-offvalues of UHR in predicting poor-
ly controlled DM and in predicting MS. A Pearson’s
analyze was used to find out correlation between
uric acid, HDL-cholesterol, triglyceride, BMI, waist
circumference, UHR and HbAlc. Statistically signifi-
cance was set on a p value that lower than 0.05.

RESULTS

A total of 100 type 2 diabetic subjects enrolled
to the study. Mean ages of the well-controlled and
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poorly controlled diabetics were 58.6 + 10 years and
59.5 + 8.4 years, respectively. Age difference was
not statistically significant between well-controlled
and poorly controlled type 2 DM groups (p=0.61). 22
(55%) of 40 in well-controlled group and 29 (48.3%) of
60 in poorly controlled group were women. Gender
was not statistically different among well-controlled
and poorly controlled type 2 DM groups (p=0.51).

Height (p=0.97), body weight (p=0.17), waist cir-
cumference (p=0.06), BMI (p=0.12), systolic (p=0.28)
and diastolic (p=0.73) blood pressures were not sig-
nificantly different between well-controlled and
poorly controlled type 2 DM groups.

Serum uric acid was 4.9 + 1.4 mg/dl in well-con-
trolled diabetics and 6 + 1.6 mg/dl in poorly controlled
type 2 DM subjects (p=0.001). HDL cholesterol of
well-controlled type 2 DM group (50 [33-117] mg/dl)
was significantly higher than that of the poorly con-
trolled diabetic group (44 [25-73] mg/dl), (p<0.001).
The mean UHRs of well-controlled and poorly con-
trolled type 2 DM groups were 9.7 + 3.7% and 14 +
5.4%, respectively. The UHR difference was statis-

tically significant (p<0.001). Comparison of clinical
and laboratory data of the well-controlled and poorly
controlled diabetic subjects is summarized in table 1.

A ROC analyze performed to determine sensitivi-
ty and specifity of UHR in selecting poorly control in
type 2 DM. UHR greater than 11% has 77% sensitivity
and 60% specifity in predicting worse diabetic con-
trol (AUC: 0.752, p<0.001).

Study population further grouped according to
the existence of MS. There were 63 subjects with
MS and 37 subjects without MS. Mean ages of the
subjects with and without MS were 59.6 + 9.1 years
and 58.4 + 9.2 years, respectively. Age difference was
not statistically significant between groups (p=0.54).
29 (46%) of 63 in type 2 DM with MS group and 22
(59.5%) of 37 in type 2 DM without MS group were
women. Gender was not significantly different be-
tween groups (p=0.20). A total of 36 subjects were on
antihypertensive treatment (28 in diabetics with MS
and 8 in diabetics without MS groups).

Height (p=0.41), BMI (p=0.07), duration of type 2
DM (p=0.93), blood urea (p=0.92), serum creatinine

TABLE 1: COMPARISON OF CLINICAL AND LABORATORY DATA OF THE WELL-CONTROLLED AND

POORLY CONTROLLED TYPE 2 DM GROUPS

Well-controlled Type 2 DM

Poorly controlled type2 DM p

Gender Men (n (%)) 18 (45) 31(51,7) 051
Women (n (%)) 22 (55) 29 (48,3)

Mean * Standard Deviation
Age (years) 586+ 10 59,5+ 84 0.61
Height (m) 1,62+ 0,1 1,63 +0,1 0.97
Weight (kg) 80 +15 84+ 14 07
Total cholesterol (mg/dl) 185+ 44 214 + 45 0.003
Non HDL cholesterol (mg/dl) 132 £42 169 * 46 <0.001
LDL cholesterol (mg/dl) 106 * 33 125+ 38 0.01
UHR (%) 97+37 14+ 54 <0.001
Uric acid (mg/dl) 4914 6+16 0.001
eGFR (mL/min/1.73 m°) 86+ 14 81+14 0.08
Urea (mg/dl) 304 +98 34,8 12,7 0.07

Median (Min- Max)
SBP (mmHg) 130 (100-180) 130 (100-180) 0.28
DBP (mmHg) 80 (70-110) 80 (50-105) 073
Waist circumference (cm) 100 (77-128) 105 (81-144) 0.06
Fasting blood glucose (mg/dl) 119 (89-219) 190 (64-466) <0.001
Triglyceride (mg/dl) 131 (46-369) 174 (59-615) 0.04
HDL-cholesterol (mg/dl) 50 (33-117) 44 (25-73) <0.001
Uricacid to non-HDL ratio (%) 4 (1-10) 4(1-8) 04
BMI (kg/m3) 29,4 (22,3-47) 30,4 (21,6-49,4) 012
Duration of DM (years) 3,5 (1-20) 8 (1-25) 0.01
HbATc (%) 6,7 (6,1-6,9) 9,5 (71-15,5) <0.001
Creatinine (mg/dl) 0,81(0,63-1,2) 0,88 (0,4-1,2) 0.04
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(p=0.90), total cholesterol (p=0.06), LDL cholesterol
(p=0.08), and eGFR (p=0.24) were not significantly
different between type 2 DM with and without MS
groups.

Serum uric acid was 6 (2.6-9.6) mg/dl in diabet-
ics with MS and 4.8 (2.1-7.7) mg/dl in diabetics with-
out MS, reaching the difference significance level
(p<0.001). HDL cholesterol of diabetics with MS
group (44 [25-73] mg/dl) was significantly lower than
that of the diabetics without MS group (54 [40-117]
mg/dl), (p<0.001). The median UHRs of diabetics with
and without MS groups were 13 (6-29) % and 9 (3-16)
%, respectively. The UHR difference between groups
was statistically significant (p<0.001). Comparison of
clinical and laboratory data of the diabetics with and
without MS groups is summarized in table 2.

A ROC analyze performed to determine sensitiv-
ity and specifity of uric acid, UHR, uric acid to non-
HDL cholesterol ratio, SBP (at > 130 mmHg level),
DBP (at > 85 mmHg level), triglyceride (at > 150mg/
dl level), waist circumference (at levels of 2102 cm

for men and >88cm for women) and HDL cholesterol
(at < 40 mg/dl for men and <50 mg/dl for women) lev-
els in selecting subjects with MS. UHR greater than
10,6% has 83% sensitivity and 71% specifity in predict-
ing MS (AUC: 0.839, p<0.001). Figure 1 shows the
ROC curves of study parameters in predicting MS.

Pearson’s correlation analysis showed that UHR
was positively correlated with waist circumference
(r=0.32, p=0.001), fasting blood glucose (r=0.39,
p<0.001), triglyceride (r=0.59, p<0.001) and HbAlc
(r=0.54, p<0.001) levels. Neither body weight (r=0.19,
p=0.06), nor BMI (r=0.13, p=0.21) were correlated
with UHR. Additionally, UHR was not correlated
with SBP (r=0.15, p=0.13) and DBP (r=0.06, p=0.58),
either.

DISCUSSION

In present study, we showed that UHR predicts
MS better than all established criteria of this clini-
cal entity. Another important finding of our report

TABLE 2: COMPARISON OF CLINICAL AND LABORATORY DATA OF THE DIABETICS WITH AND

WITHOUT METABOLIC SYNDROME

Type 2 DM with metabolic

Type 2 DM without metabol- p

syndrome ic syndrome

Gender Men (n (%)) 34 (54) 15 (40,5) 020
Women (n (%)) 29 (46) 22 (59,5)

Mean * Standard Deviation
Age (years) 59,6+ 91 584+92 0.54
Height (m) 1,63+0,1 1,62 0,1 0.41
Weight (kg) 847145 782+13.8 003
Waist circumference (cm) 109 £11 95 +10 <0.001
Total cholesterol (mg/dl) 209 £48 191+ 42 0.06
Non HDL cholesterol (mg/dl) 166 * 49 134+ 38 0.001
LDL cholesterol (mg/dl) 123+39 109 + 32 0.08
Creatinine (mg/dl) 0,86 + 0,17 0,86+ 0,15 0.90
eGFR (mL/min/1.73 m?) 81+ 14 85+ 14 0.24

Median (Min- Max)
SBP (mmHg) 140 (110-180) 125 (100-170) <0.001
DBP (mmHg) 80 (50-110) 80 (60-105) 0.01
UHR (%) 13 (6-29) 9 (3-16) <0.001
Fasting blood glucose (mg/dl) 156 (72-466) 129 (62-377) 0.03
Triglyceride (mg/dl) 176 (59-615) 112 (46-456) <0001
HDL-cholesterol (mg/dl) 44 (25-73) 54 (40-117) <0.001
Uricacid to non-HDL ratio (%) 4 (1-10) 4(1-7) 0.94
BMI (kg/m?) 31(23-49) 28 (22-48) 0.07
Duration of DM (years) 6 (1-20) 6 (1-25) 093
HbATc (%) 88 (6,2-15,5) 6,8 (6]1-14,2) 0.003
Uric acid (mg/dl) 6 (2,6-9,6) 4.8 (21-77) <0.001
Urea (mg/dl) 32 (13-82) 32 (13-58) 0.92
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FIGURE 1: ROC CURVES OF THE STUDY PARAMETERS IN PREDICTING MS
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is that UHR has high sensitivity and specifity as a
marker of diabetic control.

Association between MS and serum uric acid
levels is well established in the literature. In 2007,
authors identified a substantial association between
serum uric acid and MS prevalence®. Chang et al.’
reported that elevated serum uric acid levels were
contributed to higher risk of MS. Moreover, elevated
serum uric acid has been proposed as a risk factor
for MS™. In present study, UHR was better than uric
acid alone as a marker of MS.

Evidence in literature suggest that serum uric
acid levels was in association with each one diagnos-
tic criteria of the MS™. Risk of development of type
2 DM is increased in subjects with elevated serum
uric acid levels™. Indeed, increased uric acid was
associated with worse diabetic control in type 2 dia-
betic subjects in a recent study™®. On the other hand,
insulin resistance plays a pivotal role in development
of both MS and type 2 DM. Therefore, such an associ-
ation between high uric acid and development of type
2 DM and MS. Similar to the literature knowledge,
since it is a uric acid derived indice, UHR was pos-
itively and strongly correlated with fasting plasma

glucose and HbAlc levels in present study.

According to the Nakanishi et al.*’s study, not
only type 2 DM but also hypertension was more
common in subjects with higher serum uric acid". In
contrary, hypertension was not associated with high
uric acid levels in a recent study by Wang et al.”. In
concordance, there was no significant correlation be-
tween blood pressure and UHR levels in our report.

Significant positive correlation between UHR and
triglyceride and inverse correlation between UHR
and HDL-cholesterol levels in present study, suggest
the previous results in literature. Uric acid was found
to be positively correlated with serum triglyceride
and negatively correlated with HDL-cholesterol lev-
els in Peng et al."®’s report. However, increased tri-
glyceride and low HDL levels were not associated
with increased risk of hyperuricemia in a Chinese
study™. Correlation between UHR and triglyceride
was more significant and stronger than the correla-
tion between uric acid and triglyceride in our study.
Furthermore, inverse correlation between UHR and
HDL was more significant and stronger than the cor-
relation between uric acid and HDL.

Obesity is also associated with serum uric acid
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levels through increased production pathways".
However, literature data about association between
uric acid levels and waist circumference, a mark-
er of central obesity, is conflicting. Waist circum-
ference was not associated with hyperuricemia in
a recent study®™. On the other hand, a significant
and positive correlation reported between waist cir-
cumference and uric acid levels in another Chinese
study®™. We found that correlation between uric
acid and waist circumference was weaker than the
correlation between UHR and waist circumference
in this report.

Uric acid levels increase in chronic kidney dis-
ease. However, serum creatinine and GFR values of
subjects with and without MS were not different in
present report. Thus, elevated UHR in subjects with
MS only reflect the presence of this clinical entity.

Results of the present study showed that, in pre-
dicting MS, UHR (at a cut of equal to or greater than
10,6%) had greater sensitivity than uric acid level (at
a cut off equal to or higher than 5 mg/dl), triglycer-
ide level (at a cut off equal to or higher than 150 mg/
dl), SBP (at a cut off equal to or greater than 130
mmHg), DBP (at a cut off equal to or greater than of
85mmHg), waist circumference in men (at a cut off
equal to or higher than 102 ¢cm) and HDL in men (at
a cut off lower than 40 mg/dl). Only waist circumfer-
ence in women (at a cut off equal to or higher than
88 cm) and HDL in women (at a cut off lower than 50
mg/dl) have higher sensitivity than UHR in predicting
MS. Specifity of UHR (at a cut of equal to or greater

than 10,6%) in selecting MS was higher than uric acid
level (at a cut off equal to or higher than 5mg/dl), SBP
(at a cut off equal to or greater than 130 mmHg), HDL
in men (at a cut off lower than 40mg/dl) and waist cir-
cumference in women (at a cut off equal to or higher
than 88cm). Triglyceride level (at a cut off equal to or
higher than 150 mg/dl), DBP (at a cut off equal to or
greater than of 85 mmHg), HDL in women (at a cut
off lower than 50 mg/dl) and waist circumference in
men (at a cut off equal to or higher than 102 cm) have
higher specifity than UHR in selecting subjects with
MS. Unlike waist circumference and HDL, it was not
affected by gender, therefore, we are proud to intro-
duce UHR as a novel and useful criteria in the diag-
nosis of MS.

Limitations of present study are retrospective de-
sign which could cause selection bias, and relatively
small size of study cohort. However, to our knowl-
edge, it is the first study in literature that reported
UHR as a predictor of MS and worse diabetic control
in type 2 DM.

CONCLUSION

Present study suggest that utilization of UHR is a
useful tool in diagnosis of MS as a novel criteria. Nev-
ertheless, prospective studies with larger population
may make a better scientific evidence in that issue.

Conflict of interest: None
Sources of Funding: None

CONTEXTO E OBJETIVO: A sindrome metabélica (SM) é uma entidade clinica associada ao aumento do risco de diabetes mellitus tipo
2 (DM) e doengas cardiovasculares. Os niveis séricos de dcido drico estdo correlacionados com os critérios estabelecidos de EM. Uma
vez que DM tipo 2 e MS sdo disturbios metabdlicos, nés hipotetizamos se uma relagdo dcido urico para HDL-colesterol (UHR) poderia
predizer a requlagdo diabética e a presenca de MS em diabéticos tipo 2.

METODOS: As admissées dos sujeitos com DM tipo 2 aos ambulatérios de nossa instituigdo foram analisadas retrospectivamente. A
populagdo do estudo agrupou-se em diabéticos bem controlados e mal controlados, de acordo com o nivel de HbATc (corte de 7%) e
posteriormente agrupados em DM tipo 2 com e sem EM de acordo com a presen¢a de EM. UHR dos grupos de estudo comparados.

RESULTADOS: Um total de 100 individuos diabéticos tipo 2 inscritos no estudo. A média UHR foi significativamente menor em diabéticos
bem controlados (9,7 + 3,7%) em comparacdo com individuos com DM tipo 2 mal controlada (14 # 5,4%) (p < 0,001). A mediana da
UAR de diabéticos com EM (13 (6-29)%) foi maior que a dos diabéticos sem SM (9 (3-16)%) (p < 0,001). Um UHR maior que 11% tem
77% de sensibilidade e 60% de especificidade em predizer um pior controle diabético (AUC: 0,762, p < 0,001) e um UHR maior que
10,6% tem 83% de sensibilidade e 71% de especificidade em prever MS (AUC : 0,839, p < 0,001). A sensibilidade e especificidade de UHR
em predizer MS foram melhores do que a maioria das sensibilidades e especificidades dos cinco critérios de MS.

CONCLUSAO: Sugerimos a utilizacdo da UHR no diagnéstico da SM como um novo critério. No entanto, estudos prospectivos com
maior populacdo podem fazer uma melhor evidéncia cientifica nessa questdo.

PALAVRAS-CHAVE: Sindrome metabdlica. Diabetes mellitus tipo 2. Acido drico. HDL-colesterol.
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SUMMARY

OBJECTIVES: To create and implement a computerized clinical registry to verify in the short-, medium- and long-term the mortality and
the incidence of significant surgical outcomes in adult patients submitted to cardiovascular surgeries.

METHODS: This is a prospective, observational registry-based study aimed at documenting the characteristics of patients undergoing
cardiovascular surgery.

RESULTS: Variables were standardized according to international references from the Society of Thoracic Surgeons (STS), American Col-
lege of Cardiology (ACC), Michigan Society of Thoracic and Cardiovascular Surgeons (MSTCVS) and the Department of Informatics
of SUS (DATASUS). The standardization was performed in English with an interface in Portuguese to make the data collection easier
in the institution. Quality of care indicators, surgical procedure characteristics, in addition to significant cardiovascular outcomes will
be measured. Data were collected during the hospitalization until hospital discharge or at the seventh day, in thirty days, six months,
twelve months and annually until completing five years.

CONCLUSION: The importance of a database maintenance with international standards that can be reproducible was evidenced, allow-
ing the evaluation of techniques and assistance and the integration of data among health institutions.

KEYWORDS: Cardiovascular surgical procedures. Database. Electronic health records.

INTRODUCTION

Cardiovascular diseases (CVD) are the leading
causes of mortality in Brasil and in the world. In
2003, 32% of 69% of the well-defined deaths in Bra-
sil were due to CVD'. According to the World Health
Organization (WHO)?, in 2030, 23.6 million people
will die from CVD. Factors related to CVD can be of
biological and/or behavioral nature?.

Surgery is one of the therapeutic options. In
Brasil, 63,529 heart surgeries were performed be-
tween 2005 and 2007; while in 2011, they went up

to 100,000, showing a significant increase in the
number of these procedures. There are 170 centers
all over Brasil, with more than 1,000 surgeons asso-
ciated with the Brazilian Society of Cardiovascular
Surgery*®.

Despite the high direct and indirect costs, there
are few sources of information with high-quality data
collected systematically to monitor the procedures
and outcomes of these patients. There is no system
to monitor adverse events of cardiovascular surger-
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ies following international quality standards yet. The
registries started to be used in the clinical practice
due to the need of using clinical and evolution histo-
ry of these patients®. A high-quality medical record
helps to monitor and improve the patients’ health,
describing the epidemiological and clinical charac-
teristics of the diseases and the assessment of the
interventions’.

Electronic technology improved the registry and
facilitated the communication between doctors and
patients, among health providers, and the access to
medical information®. Barriers like costs, inappropri-
ate medical information, lack of standards, patient
privacy, knowledge, and data management still need
to be surpassed®°.

Electronic databases are not adopted in several
medical and academic centers yet™. The use of vali-
dated data collection tools and forms based on stan-
dards make it easier to visualize and share these
data, as well to participate in multicentric studies™.

REDCap (Research Electronic Data Capture) is a
web-based software solution with tools that reliably
create online forms to capture, manage and analyze
data during the process of investigation™. REDCap
allows data to be collected in an offline environment
and synchronized in the REDCap server when it is
connected to the Internet™*. Our aim was to create
and implement a computerized clinical record.

METHODS

Study design

A prospective, observational registry-based study,
aimed to record cardiovascular variables, surgical
procedures and extracorporeal circulation (ECC), as
well as the clinical evolution. The longitudinal fol-
low-up of the patients will happen from the moment
of the procedure until hospital discharge, at thirty
days, six months, twelve months and annually until
completing five years.

Sample/target population
Adult patients submitted to cardiovascular sur-
gery in Santa Maria University Hospital (SMUH).

Inclusion criteria

Patients who are 18-years-old or older from both
sexes, suffering from cardiovascular disease and
submitted to the following surgeries will be included:

« Myocardial revascularization surgery

« Valve surgery

« Aorta surgery

« Surgical correction of congenital disease in the
adult

Outcomes of interest

Mortality from all causes and cardiovascular
events (reinfarction, stroke, fatal and non-fatal car-
diac arrest, and mortality for cardiovascular cause)
during the hospitalization and up to thirty days, six
months, twelve months and annually until complet-
ing five years.

Ethical aspects

The clinical study described in this paper was
conducted under the principles of the current revi-
sion of the Declaration of Helsinki and the most re-
cent version of the Guideline for Good Clinical Prac-
tice (ICH-GCP), as well as the Resolution 466/12. The
study was developed in compliance with Brazilian
legal and regulatory requirements.

The names of all participants were kept as conlfi-
dential. They were identified in the documentation
and during the evaluation by the number assigned to
each one in the study. It was guaranteed to the pa-
tients that all the findings were stored in computers
and handled according to the strictest rules of con-
fidentiality. All the data collected and stored in the
registry were screened. This screening will have the
function of guaranteeing that no patient identification
data will be shown in the final version of the registry,
following international requirements for privacy of
clinical data. The de-identification of the database is
made through the transformation of all the dates in
intervals with reference to a random date random-
ly selected and stored by the individual responsible
for the data management. Geolocalization data were
modified to respect the national and internation-
al data safety rules. For storage in Research Ethics
Committees (REC), only the three initial digits will
be kept, following HIPAA (Health Insurance Portabili-
ty and Accountability Act) rules. However, as the Bra-
zilian rules do not require the storage of REC 3 digits
only, a secondary bank with five digits was kept in
our server, protected for the exclusive use of com-
puters with a national internet protocol (IP) address.

The study was submitted and approved by the Ed-
ucation and Research Department of SMUH under
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the number 046/2016 and by the REC of the Institute
of Cardiology/University Foundation of Cardiology
(ICUFC) under the UP number 5017/14. All the pa-
tients who will participate in the study will sign the
Consent Form (CF).

Risks and benefits

There will be no any additional risks to the pa-
tients neither to the institution due to inclusion in
this study, considering that this is an observational
registry-based study. Therefore, it does not submit
the patients to any intervention that is not correctly

indicated and implemented by the assistant doc-
tor, in his/her usual clinical practice procedures.
There will be no additional costs or discomfort to the
patients.

RESULTS

The outcomes of the development and imple-
mentation of the CardioCEC clinical registry will be
shown in steps (Figure 1).

Creation of the CardioCEC clinical registry

Given the need to monitor the high number of
high-cost procedures and to evaluate the outcomes
of these patients in SMUH, we decided to create and
develop an information source with data collected in
a systematized and high-quality way.

Software

We used the REDCap (Research Electronic Data
Capture) software for collection and storage of the re-
search data. Data were physically stored in a server
located in ICUFC, in the department of informatics
of the institution and protected by the firewall of the
ICUFC network and the REDCap access permission
system itself (Figure 2). The infrastructure require-
ments, such as a web server that offers support to
PHP, a MySQL database server and Secure Sockets
Layer (SSL) connections, need to be present (http://
project-redcap.org)).

Variables standardization

Initially, the variables and the standardization of
the nomenclatures were defined in order to guaran-
tee that the data input into the registry was compat-
ible with international databases. The variable stan-
dardization was followed international references
from the American College of Cardiology Foundation

(ACCF), the American Heart Association (AHA), the
Society of Thoracic Surgeon (STS), The Michigan
Society of Thoracic and Cardiovascular Surgeons
(MSTCVS) and the SUS Department of Informatics -
DATASUS. International scope variables that are usu-
ally used for the connection with vast repositories of
global databases were included. The standardization
was made in English, and an interface in Portuguese
was implemented to make the data collection easier
in the institution.

Inclusion of variables

The CardioCEC database has 553 variables dis-
tributed in 12 data collection tools, standardized ac-
cording to international references, allowing for the
participation in multicentric studies (Table 1).

Data collection logistics

The data collection of the patients will be made
by a skilled team engaged in the procedure (CRF,
case report forms). The CardioCEC Clinical Registry
will be accomplished through internet and intranet
access through any computer of the hospitalization
units, or the thoracic surgery room, or through the
REDCap app, and all the information collected will be
input into the system.

All the patients who meet the eligibility criteria
will have their data collected following the CF signa-
ture. The data of the patients will be filled out in the
clinical chart preferably in the day previous to the
surgery (demographic data and admission, preoper-
ative). The surgical procedure (intraoperative) will be
informed in the period following the discharge from
the intensive care unit (ICU discharge). The prospec-
tive data will be informed until the hospital discharge
or up to seven days. The clinical follow-up chart of 30
days, six months and 12 months, as well as the annu-
al follow-up, will always be filled out within seven
days. The hard outcomes will be obtained through
the medical record or a telephone call to the patient,
family member or third party.

The team may collect information on the patient’s
mortality and major cardiovascular events through a
telephone call to the patient, a family member or a
third party, or from the patient’s medical record.

Bias prevention

It is essential to have a mechanism to reduce the
possibility of data entry errors. With REDCap, we re-
stricted the format/type of data and established inter-
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FIGURE 1: CONSTRUCTION AND DEVELOPMENT OF THE CARDIOCEC REGISTRY FOR THE SMUH (ACTIVITIES DIAGRAM)
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TABLE 1: VARIABLE STANDARDIZATION

Name of the instru-
ment

Variables

Source of standard-
ization

Demographic data -
Admission

Record ID, Date of admission, Form of admission, Last name, Name, Middle name, Number of the
National Health Card (CNS), SAME, Date of birth, Age, Race, Gender, Address, City

DATASUS, IBGE, STS

Preoperative risk fac-
tors, Preoperative heart
status, Preoperative
drugs

Record 1D, Weight, Height, BMI, Smoker, Current smoker, Diabetes, Diabetes control, Dyslipidemia,
Dyslipidemia control, Kidney failure, Dialysis, Hypertension, Stroke, Time since stroke, Infectious en-
docarditis, Type of endocarditis, Pulmonary disease, Immunosuppressing therapy, Peripheral vascular
disease, Cerebrovascular disease, AMI, Time AMI, Heart failure last 2 weeks, CHF, Heart condition at
admission, Cardiogenic shock, Cardiac resuscitation, Arrhythmia, Type of arrhythmia, NYHA, Beta
blockers, Use of BB 2 weeks, ACE-inhibitor, Nitrates, Anticoagulation, Name anticoagulant, Warfarin,
IV Inotropes, Corticoids, Aspirin, Adenosine diphosphate (ADP) receptor inhibitors, Adenosine diphos-
phate (ADP) receptor inhibitors 24 hours before, Glycoprotein I1b/Illa, Number of compromised vases,
Percentage main stenosis left side vase, EF measure, EF, Presence of valvopathy, Aortic failure, Aortic
stenosis, Mitral failure, Mitral stenosis, Tricuspid failure, Pulmonary failure, Incidence of surgery, Status,
IABP, Ht, Hb, Na, K, Urea, Creatinine, Glucose, Platelets, TP, TTPA

ACCF, NCDR, STS

Intraoperative

Record ID, Name of surgeon, Surgery category, Use of robotic technology, Minimally invasive pro-
cedure, Conversion to standard procedure, Use of ECC, Use of arterial filter, Strategy of acid-base
management, Bioactive coating area, Type of system, Assistance in venous draining, Type of arterial
pump, Use of autotransfusion Pulsatile Perfusion device, Saline solution filling volume, Ringer lactate
filling volume, Plasma-Lyte filling volume, Albumin 5% filling volume, Albumin 25% filling volume,
Starch solution filling volume, Mannitol filling volume, Sodium bicarbonate filling volume, Red cells
concentrates in priming, Plasma in priming, Heparin dose, Total volume of priming, Time of perfusion,
Type of aorta clamping, Site of aorta clamping, Time of aorta occlusion or clamping, Circulatory arrest
(CA), Time of CA, Selective cerebral perfusion (SCP), Time of SCP, Time of reperfusion, Return to ECC,
Reasons for returning to ECC, Cardioplegia, Type of cardioplegia, Regimen of cardioplegia, Tempera-
ture of cardioplegia induction, Direction of cardioplegia induction flow, Temperature of cardioplegia
maintenance, Direction of cardioplegia maintenance flow, Total volume of cardioplegia, Assessment of
the presence of preexistent calcifications in the site of aorta handling, Aorta classification, Site of tem-
perature measurement, Lower temperature reached in the nasopharyngeal path, Lower temperature
reached in the esophageal path, Lower temperature reached in the jugular bulb region

STS, PERForm

Lower temperature reached in the rectal path, Lower tympanic temperature reached, Lower tempera-
ture reached in other paths, Higher temperature reached in the nasopharyngeal path, Higher tempera-
ture reached in the esophageal path, Higher temperature reached in the jugular bulb region, Higher
temperature reached in the rectal path, Higher tympanic temperature reached, Higher temperature
reached in other paths, Temperature following ECC, Initial Hematocrit (Ht) in ECC, Initial hemoglobin
(Hb) in ECC, Hematocrit (Ht) when leaving the surgery room, Hemoglobin (Hb) when leaving the
surgery room, Intra-Aortic Balloon Pump (IABP) in the surgery room, Period of insertion of IABP in
the surgery room, Indication of IABP in the surgery room, Use of hemoderivatives, Use of red cells
concentrate, Use of fresh frozen plasma, Use of platelets, Use of cryoprecipitate, Fibrinogen concentrate
was administered, Prothrombin complex concentrate was administered, Administered dose of fibrino-
gen concentrate, Administered dose of prothrombin complex concentrate, Volume of SS 0.9% used in
ECC, Volume of Ringer lactate used in ECC, Volume of Plasma-Lyte used in ECC, Volume of Albumin
5% used in ECC, Volume of Albumin 25% used in ECC, Volume of Starch Solution used in ECC, Use
of UF, Total UF volume, Volume of residual blood that returned to the patient, Volume of urine in the
intraoperative period Presence of hemoglobin, Inotropic in use in the transfer to the ICU, Myocardial
revascularization surgery

Number of distal anastomoses with arterial graft, Number of distal anastomoses with venous graft,
Number of distal anastomoses with internal mammary artery graft, Number of distal anastomoses
with radial artery graft, Number of distal anastomoses with Gastroepiploic artery graft, Number of
anastomoses with other arterial grafts, Procedure in the aortic valve, Procedure in the mitral valve,
Procedure in the tricuspid valve, Procedure in the pulmonary valve, Correction of aorta aneurysm, sur-
gery of congenital cardiopathy, Surgery of aorta dissection correction, Other cardiovascular surgeries,
Extubation in the surgery room

ICU discharge

Record ID

Date and time of entrance at ICU, Date and time of discharge from ICU, Reintubation, Additional hours
in MV, Total hours in MV, creatinine, hemoderivatives, units of red blood concentrate, Units of fresh
frozen plasma, units of platelets, units of cryoprecipitate, Hematocrit at discharge, Hemoglobin at
discharge, Echocardiogram, Presence of aortic valve failure, Presence of mitral valve failure, Presence of
tricuspid valve failure, Presence of pulmonary valve failure, EF, Cardiac enzymes, Higher CKMB value
measured, Higher Troponin value measured, Higher Troponin T value measured, ECG result, surgical
intervention, Reintervention for bleeding, Date of intervention for bleeding, Intervention for valve
dysfunction, Reintervention for coronary occlusion, Reintervention for other cardiac reasons, Reinter-
vention for other non-cardiac reasons, complication in PO, Deep infection of the sternum, Infection of
thoracotomy, Infection of OW in the site of grafts removal, Sepsis, Stroke, TIS, Prolonged mechanical
ventilation (MV), Pneumonia, Infection in the urinary tract, Kidney failure, Dialysis, Deep vein thrombo-
sis (DVT), Pulmonary thromboembolism

ACCF, NCDR, STS,
PERForm

Limb ischemia, Myocardial infarction, Rhythm dysfunction requiring device, PCR, Events related to
anticoagulant therapy, Gl, Dysfunction of multiple organs, Atrial fibrillation / flutter, Injury of the
laryngeal nerve, Injury of the phrenic nerve, Other events, Identification of the event, ACE-inhibitor,
Beta blockers, Nitrates, Anticoagulants, Name of anticoagulant, Warfarin, IV Inotropes, Corticoids,
Acetylsalicylic acid, Adenosine diphosphate (ADP) receptor inhibitors, Glycoprotein 11b/llla
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Name of the instru-
ment

Variables

Source of standard-
ization

Hospital discharge

Patient status, Date and time of the hospital discharge, Date and time of death, Cause of death,

Units of red cell concentrate, Units of fresh frozen plasma, Units of platelets, Units of Cryoprecipitate,
Echocardiogram, Presence of aortic valve failure, Presence of mitral valve failure, Presence of tricuspid
valve failure, Presence of pulmonary valve failure, EF, PO complications, Deep infection of the sternum,
Infection of the thoracotomy, Infection of the OW in the site of the grafts removal, Sepsis, stroke, TIS,
Prolonged mechanical ventilation (MV), Pneumonia, Infection in the urinary tract, Kidney failure, Dial-
ysis, Deep vein thrombosis (DVT), Pulmonary thromboembolism, Limb ischemia, myocardial infarction,
Rhythm dysfunction requiring device, PCR, Events related to anticoagulant therapy, Gl, Dysfunction
of multiple organs, Atrial fibrillation / flutter, Injury of the laryngeal nerve, Injury of the phrenic nerve,
Other events, Identification of the event, ACE-inhibitor, Beta blockers, Nitrates, Anticoagulants, Name
of the anticoagulant, Warfarin, IV Inotropes, Corticoids, Acetylsalicylic acid, Adenosine diphosphate
(ADP) receptor inhibitors, Glycoprotein I1b/ll1a

ACCF, NCDR, STS,
PERForm

Follow-up Patient status, Date of hospital discharge, Hospitalization, Still hospitalized, Days of permanence in the | ACCF, NCDR, STS,
ICU, Date and time of death, Cause of death, Complications, Deep infection of the sternum, Infection PERForm
One month of the thoracotomy, Infection of the OW in the site of the grafts removal, Sepsis, stroke, TIS, Prolonged
Six months mechanical ventilation (MV), Pneumonia, Infection in the urinary tract, Kidney failure, Dialysis, Deep
One year vein thrombosis (DVT), Pulmonary thromboembolism, Limb ischemia, myocardial infarction, Rhythm
Two years dysfunction requiring device, PCR, Events related to anticoagulant therapy, Gl, Dysfunction of multiple
Three years organs, Atrial fibrillation / flutter, Injury of the laryngeal nerve, Injury of the phrenic nerve, Other
Four years events, ldentification of the event, ACE-inhibitor, Beta blockers, Nitrates, Anticoagulants, Name of
Five years the anticoagulant, Warfarin, IV Inotropes, Corticoids, Acetylsalicylic acid, Adenosine diphosphate (ADP)
receptor inhibitors, Glycoprotein |1b/Illa
vals for numerical and date fields, thus allowing data Case report form
validation. Problems with data consistency, like the The study’s CRFs will be filled out and sent

wrong types of data, out of reach values and outliers
for numerical fields can be reported using the mod-
ule of quality of data. Besides, we apply predefined

al and non-transferable password.

rules that make it easier to identify discrepant data

value, which is quite important because the project
has several variables. Several procedures guarantee
the appropriate control of systematic errors (biases)
and assure the methodological quality of the registry,

amongst them:

» Successive sampling;

« Blinded evaluation of outcomes;

« Prevention of losses during the follow-up;
» Use of partial reports of quality of data;

« Use of electronic signature.

Data management

The Santa Maria University Hospital (SMUH) is
responsible for the management of the data registry,
whose information will be collected through elec-

tronic forms.

System of data entry

The data management will be accomplished using
the REDCap (Research Electronic Data Capture) sys-
tem. The case report forms (CRFs) will be transcribed
through web medical records and will be included in
a validation database.

Data quality control

strategies are used:
« Training for data collection;

through internet/intranet or web; the electronic sig-
nature is available through the access with a person-

For the quality control of the data, the following

« Standard operational procedures handbook for

each step of the protocol;

from the biological point of view;
« Central checking of data through

and filling out of collection forms.

DISCUSSION

« Electronic CRF: aiming to prevent the occur-
rence of incomplete (mandatory data) or incon-
sistent data, or containing non-plausible values

statistical

analysis to check possible inconsistencies;
« Quarterly reports of screening, recruiting, data
quality, compliance to the protocol, consistency

The development and the implementation of
the CardioCEC Registry were due to the need for
identification of the outcomes from different tech-
niques and equipment/materials used for cardio-
vascular surgical procedures. The planning of the
database used variables recommended by interna-
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tional organizations, thus allowing the interopera-
bility of the data™.

The involvement of the cardiovascular surgery
multidisciplinary team through meetings and
training favors the success of the registry’s im-
plementation. The assignment of distinct levels of
access to each one of the members of the research
team brings safety to the appropriate use of the
database. The possibility of data tabulation in an
offline environment in the REDCap mobile app fa-
vors the compliance™ to the filling out of the Car-
dioCEC registry.

Mechanisms used to prevent systematic errors
will be extensively studied. The branching logic
used rendered more coherent and rational question-
naires™.

The automatized reports of data quality data give
the researcher absolute control over the quality of
the records made™.

CONCLUSION

The CardioCEC Registry is the first Brazilian elec-
tronic registry with several variables related to ECC,
which are recommended by international reposi-
tories, allowing the interoperability between major
national and international institutions, presenting
relevant data in the conduction of the ECC in cardio-
vascular surgeries, as well as in the evaluation of the
primary outcomes in this group of patients.

The registry has excellent potential for research
in the field and allows for a significant contribution
to the development of new technologies and innova-
tions in the field of and cardiovascular surgery.
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OBJETIVO: Criar e implantar um registro clinico informatizado para verificar mortalidade e incidéncia de desfechos cirtirgicos maiores
em pacientes adultos submetidos a cirurgias cardiovasculares a curto, médio e longo prazo.

METODOLOGIA: Trata-se de um estudo observacional do tipo Registro, prospectivo, que visa documentar as caracteristicas dos pacien-
tes submetidos d cirurgia cardiovascular.

RESULTADOS: As varidveis foram padronizadas de acordo com referéncias internacionais padronizadas pela The Society of Thoracic
Surgeons (STS), American College of Cardiology (ACC), The Michigan Society of Thoracic and Cardiovascular Surgeons (MSTCVS) e o
Departamento de Informdtica do SUS (Datasus). A padronizagdo foi realizada na lingua inglesa com uma interface em portugués para
facilitar a coleta de dados na instituicdo. Serdo mensurados indicadores de qualidade de atendimento, caracteristicas do procedimento
cirdrgico, além dos principais desfechos cardiovasculares. Os dados serdo coletados durante a internacdo até a alta hospitalar ou até o
sétimo dia, em 30 dias, seis meses, 12 meses e anualmente até completar cinco anos.

CONCLUSAO: Evidenciou-se a importancia da manutengdo de banco de dados com padrées internacionais que podem ser reprodutiveis,

possibilitando a avaliagdo de técnicas e assisténcia integrando os dados entre instituicdes de satide.

PALAVRAS-CHAVE: Procedimentos cirtirgicos cardiovasculares. Base de dados. Registros eletrénicos de satide.
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SUMMARY

INTRODUCTION: In acute myocardial infarction (AMI), each 18 mg/dl (T mmol/L) increment is associated with a 3% increase in mortal-
ity rates. All strategies applied for reducing blood glucose to this date, however, have not presented encouraging results.

METHODOLOGY: We searched the Medline (PubMed) and Cochrane Library databases for randomized clinical trials (RCTs) from 1995
to 2017 that used the intensive strategy or GIK therapy for blood glucose control during the acute stage of the AMI. We included eight
studies. In order to identify the effects of GIK or insulin therapy, we calculated a overall risk ratio (RR) with meta-analysis of fixed and
random effects models. A two-tail p-value of < 0.05 was considered statistically significant.

RESULTS: A total of 28,157 patients were included: 1,379 intensively treated with insulin, 13,031 in GIK group, and 13,741 in the control
group. The total mortality was 10.5% (n=2,961) and the RR of 1.03 [95%Cl 0.96-1.10]; 12 = 31%; p = 0.41 for the combined intensive
insulin plus GIK groups in comparison with the control group. In meta-regression analyses, intense reductions in blood glucose (> 36
mg/dL) in relation to the estimated average blood glucose (estimated by HbATc) were associated with higher mortality, whereas lower
reductions in blood glucose (< 36 mg/dL) were not associated with mortality. The lowering of blood glucose in the acute phase of Ml
compared with the average blood glucose was more effective around 18 mg/dL.

CONCLUSION: This meta-analysis suggests that there may be a tenuous line between the effectiveness and safety of reducing blood
glucose in the acute phase of MI. The targets must not exceed a reduction greater than 36 mg/dL in relation to estimated average
blood glucose.
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INTRODUCTION

Stress hyperglycemia is a powerful prognostic
marker for acute myocardial infarction (AMI)"2. It
represents not only a consequence of inflammatory
activation, adrenergic and endocrine but also con-
tributes to the continuation of these phenomena. In
AMI patients, each 18 mg/dl (1 mmol/L) increment is
associated with a 3% increase in mortality due to all
causes" In a different study, each increment of capil-
lary blood glucose over 140 mg/dl was translated as
a directly proportional increase in the mortality of
these patients over five years®.

Overall, however, all strategies applied for re-
ducing blood glucose to this date have not present-
ed encouraging results. As the first strategy for the
intensive control of blood glucose, the Digami-13 pre-
sented an aggressive reduction in the blood glucose
of diabetic patients with AMI was associated with a
decrease in mortality. However, these findings could
not be reproduced by subsequent studies — both Di-
gami-2* and HI-5° failed to demonstrate the benefits
of using the intensive treatment for blood glucose
during an acute coronary event. Randomized studies
with the same purpose of comparing a more rigor-
ous treatment for stress hyperglycemia with more
conservative methods, in the context of other critical
conditions, also failed, like the multicenter Nice-Sug-
ar®. This study suggested a 14% increase in patient
mortality with the intensive control of hyperglyce-
mia, overall, due to an increase in the risk of hypo-
glycemia.

The concept of metabolic modulation in the acute
stage of AMI with the purpose of promoting electrical
stability in the myocardium after an ischemic event
started in 1960 with the glucose-insulin-potassium
therapy (GIK)". However, there is an extremely tenu-
ous balance between the plasma glucose and insulin
resistance in the ischemic myocardium, in which,
on the one hand, there is a necessity for high blood
glucose levels in order to defeat the cellular mecha-
nisms for insulin resistance and, on the other hand,
a relative insulin deficiency in the acute stage. The
mere provision of glucose and insulin could facilitate
the glucose uptake by the myocardium, provided that
in balance with the glucose consumption rate. If that
balance is broken, the deleterious effect of hypogly-
cemia or hyperglycemia will prevail.

In studies such as Digami I and II, Gips I® and I1°,
Create-Ecla', and other trials, the diametrically op-
posite impacts on cardiovascular mortality due to all

causes were not revealed. Although the proportion
of hypoglycemia partially explains these findings,
there is no clear explanation for such divergent re-
sults. In order to answer that question, we propose
a meta-analysis followed by meta-regression using
data published from trials on the intensive control of
blood glucose in the acute stage of AMI.

METHODS

A detailed description of all the procedures is
included in the Supplementary Data (from the Data
Source and Research section to the Studies Included
and Excluded). In short, the Medline (PubMed), Co-
chrane Library and ClinicalTrials.gov databases were
searched for original articles from 1995 to 2017 in or-
der to identify all randomized clinical trials (RCTs)
that used an intensive strategy or GIK therapy for the
control of blood glucose levels during the acute stage
of AMLI. Original essays were considered eligible for
the present meta-analysis if they met the following
criteria: 1) Phase 2 or 3 RCT; 2) participants of the
AMI acute event; 3) the participants of the treatment
group used insulin or GIK therapy during the study.
We excluded the studies that, despite being related
to this subject, did not present mortality data or a
comparison between a more intensive strategy for
the control of stress hyperglycemia with more con-
servative strategies, or that presented biases in the
randomization or data analysis. Two researchers an-
alyzed the data using pre-set forms and independent-
ly assessed the precision of the analysis, resolving
any discrepancies through a consensus after a dis-
cussion with the third researcher. The baseline data
were obtained through weighted calculation. In order
to identify the potential effects of GIK or insulin ther-
apy in the AMI, we calculated an overall risk ratio
(RR) with meta-analysis of fixed and random effects
models. Odds Ratios and risk ratios were universal-
ly identical during the data analysis. More details on
the data analysis can be found in Annex 1 (Data Anal-
ysis and Synthesis). For the estimate of the effects of
the resumed treatment, a two-tail p-value of < 0.05
was considered statistically significant. We used Sta-
ta 13 to analyze the data.

RESULTS

In total, we identified over 20 studies on the con-
trol of hyperglycemia in events of acute myocardial
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infarction, out of which nine were included in our
study (Table 1). All other studies were not included
in our meta-analysis because they did not present
assessments of the polarity of more intensive or con-
servative approaches.

With that in mind, the studies analyzed were con-
ducted between the years of 1995 and 2007 and all
were clinical trials with a multicenter and random-
ized design. The average of follow-up for all the stud-
ies was of 11.5 months; Digami-1 was the one with
the longest patient follow-up time (40.8 months),
while all the others (except for Digami-2, which fol-
lowed-up with the patients for 36 months) had a fol-
low-up time between one and six months. In total,
there were 28,151 patients included; of these, 1,379
were included in the group for intensive capillary
blood glucose treatment, while 13,031 were in the
group for GIK treatment, and 13,741 in the control
group (734 in the studies that were compared with
the intensive strategy, and 13,007 in the studies that
assessed the use of GIK). In total, about 34.7% of pa-
tients were female, with an average age of 62.6 years.

After dividing the sample between the studies
that sought blood glucose levels with an emphasis on
a more intensive regimen of insulin in the acute stage
of infarction, we had 2,113 patients in the intensive
treatment group, and 734 in the control group, with
39% of patients being female, with an average age
of 66.1 years. In this subgroup, the average pre-ran-
domized blood glucose of patients was of 234.72 mg/
dl, with a 7.45% mean value for glycated hemoglobin
(HbA1C) for these patients. After separating the pa-
tients into the intensive and conservative treatment
groups, for the first group, the average blood glucose
value was of 148.68 mg/dl, while on the latter it was
of 159.48 mg/dl, with post-follow-up HbA1C values of
7.06% and 7.1 %, respectively.

As for the studies that assessed the use of the glu-
cose-insulin-potassium therapy solution, there was a
total of 26,038 patients, with 13,031 in the GIK group
and 13,007 in the conservative treatment group. There
was an average of 32.6% female patients, with an av-
erage age of 60.9 years. The average pre-randomized
blood glucose was of 150.48 mg/dl between the sub-

TABLE 1 - DESCRIPTIVE ANALYSIS OF THE STUDIES ANALYZED

Trial Digami  Digami2 HI-5 Gips | Oasis6  Cre- Pache Gips Il Pol-GIK
ate-Ecla  etal
trial
Year 1995 2005 2006 2003 2007 2005 2004 2006 1999
Design RCT RCT RCT RCT RCT RCT RCT RCT RCT
Follow-up (months) 40.8 36 6 1 6 1 6 1 6
Female (%) 62.5 33 216 601 276 224 279 26.4 314
Average pre-randomized age 675 68.3 62.6 60.3 61.8 58.6 62.4 615 61.0
(years)
Pre-randomized DM Il (%) 100 100 483 14.5 7.7 231 95 6.3
DM Il in insulin use (%) 346 311 79 25 19
Heart failure (%) 21.9 239 8.2 13.5 1.65 7.7
Undiagnosed DM I1 (%) 125
Pre-randomized HbA1C (%) 8.1 7.26 70
Pre-randomized blood glucose 279 2291 196.2 153 160.2 162 153 124.2
(mg/dl)
Intensive treatment sample 306 947 126
Conservative treatment sample 314 306 14 464 1,374 10,107 157 445 460
GIK sample 476 1,374 10,088 155 444 494
Post-intensive treatment blood 2106 163.8 144
glucose (mg/dl)
Post-conservative treatment 172.8 180 145.8 145.8 133.2 135 111.6
blood glucose (mg/dl)
Post-GIK blood glucose (mg/dl) 138.6 151.2 154.8 106.2
Post-intensive treatment HbA1C | 7.0 6.8 74
(%)
Post-conservative treatment 75 6.8 7.0
HbA1C (%)

RCT - Randomized Clinical Trial; DM Il - Type Il Diabetes Mellitus; GIK — glucose-insulin-potassium solution; HbA1C — Glycated Hemoglobin.
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Effect of Intensive Glucose Control on All-Cause Mortality
First Events, Events, %
authoritrial RR (85% CI) Treatment Control Weight
DIGAMI —i+ 0.82 (0.66, 1.02) 102/408 138/452 9.25
DIGAMI 2 -y— 1.16 (0.88, 1.51) 2181165 59365 6.34
HI-5 —— 1.27(0.50, 3.24) 10136 ma21 0.52
GIPS| ———— 0.84 (0.49, 1.44) 23499 27491 1.92
QOasis 6 —'[-— 1.03 (0.83, 1.28) 148/1522 1431517 10.11
CREATE-ECLA trial A 1.03 (0.94, 1.12) 1004/11092 976/11083 66.94
Pache et al e — 0.92 (0.38, 2.20) 9/164 10167 0.70
GIPS I =1 —— 1.61(0.67, 3.85) 131457 B8i453 0.57
Pol-GIK el 1.79 (1.09, 2.94) 44/538 221482 1.64
Overall (l-squared = 31.1%, p =0.163) } 1.03 (0.96, 1.10) 1571/15981 1390/15131 100.00
I | | I
25 5 1 2 4
Intensive better Usual better

FIGURE1

groups, with 131.4 mg/dl for patients of the conserva-
tive treatment and 137.7 mg/dl in the GIK group.

The mortality rates for all causes are described in
Figure 1. The grouped data show that the total mortal-
ity of the studies included was of 2,961 (10.5%). When
once again divided into subgroups, there were 330
in the group for intensive control of capillary blood
glucose, against 204 in the group for the conservative
treatment (15.6% against 9.6%, respectively). Among
the patients assessed for the GIK treatment, the total
mortality was of 1,186 individuals (4.7%) for patients
who used this strategy, against 1,186 patients of the
conservative treatment (4.5%). Thus, the risk ratio for
mortality due to all causes was of 1.03 [95% CI 0.96-
1.10]; 2= 31%; p = 0.41). As shown in Supplementary
Figure 1, there was no significant publication bias in
the funnel charts and no significant bias concerning
small studies, according to the Egger tests (p = 0.57).

Finally, with the purpose of finding possible ex-
planations for the discrepant findings between the
trials, we conducted a series of meta-regressions
(Supplementary Figures 2 and 3). As shown in figure
2, we can see that abrupt and intense reductions in
blood glucose in relation to the average estimated
blood glucose (> 2 mmol/L or > 35 mg/dL) were asso-

ciated with a higher risk of death, while reductions
with low intensity (around zero) were not significant-
ly associated with an increment or reduction in mor-
tality due to all causes. Contrastingly, the lowering of
blood glucose in the acute stage compared with the
average blood glucose was more effective around 1
mmol/L 18 mg/dL (p = 0.008 for the tendency in the
restricted cubic spline).

DISCUSSION

The present systematic review assessed the im-
pact of the intensive control of blood glucose levels
in the acute stage of AM], following different strat-
egies, over the mortality due to all causes. A raw
analysis of the impact of intensive control suggests
there is no difference in comparison with the usu-
al control. However, we have shown there is a fine
limit between the magnitude of the fasting glucose
reduction in relation with the average blood glucose
levels before the AMI (based on the glycated hemo-
globin) and the results of the intensive blood glucose
control approach. In this context, intense and abrupt
reductions of blood glucose (> 2 mmol/L or > 35 mg/
dL) seem to lead to a higher risk of death, while re-
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ductions with low intensity (around zero) seem not
to influence death risk. On the other hand, a reduc-
tion of around 1 mmol/L (or 18 mg/dL) of the blood
glucose during the acute stage compared with the
estimated average seems to be the most secure and
effective strategy to reduce the risk of death due to
all causes in the context of AMI.

Stress hyperglycemia is common in the context
of critically ill patients® and is not different from the
acute stage of the acute myocardial infarction®™?.
It is a powerful risk marker since it reflects the sys-
temic and sympathetic activity and plasma levels of
catecholamines, cortisol, and glucagon after the isch-
emic event™. When it is present at the AMI patient’s
admission into hospital, it is related with higher mor-
tality rates, worse outcomes in primary angioplasty
and an increase in the number of Timi O flows in
coronary angiographies, as well as a more significant
development of heart failure and cardiogenic shock.
The pathophysiology is still little known; however, it
is known that the hyperglycemia is associated with
endothelial dysfunction in the context of acute AMI™.

The cells of the vascular endothelium play an es-
sential part in cardiovascular homeostasis, secret-
ing a series of mediators that regulate the platelet

aggregation, coagulation, and vascular tonus™ The
term “endothelial dysfunction” refers to a condition
in which the endothelium loses its physiological
properties, with a tendency of promoting arteriolar
vasodilation, fibrinolysis, and anti-aggregation. The
mediators secreted by these cells can perform both
vasoconstriction, through endothelin-1 and throm-
boxane A2, and vasodilation through nitric oxide and
prostacyclin. In patients with hyperglycemia and dia-
betes, there is a deficiency in the production of nitric
oxide, which causes a vascular imbalance towards
vasoconstriction™.

It is also known that., in physiological conditions,
the myocardium metabolizes, preferably, free fatty
acids; however, in ischemic conditions, it uses glu-
cose in a relatively higher proportion. Nevertheless,
the insulin resistance developed during the AMI
acute stage generates an immediate limiting factor
to the absorption of the energy substrate, which can
contribute to the worsening of the myocardium in-
jury. Thus, both endothelial dysfunction caused by
hyperglycemia and insulin resistance can explain the
adverse outcomes of exacerbated hyperglycemia in
the second acute stage of AMI"™.

After these conclusions, the question was what
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would be the ideal blood glucose target after the AMI,
since, for the reasons previously mentioned, even pa-
tients who did not have diabetes were hyperglycemic
upon the admission of the ischemic event. Thus, was
born the 1995 Digami® study, which set out to study
620 patients grouped into a more permissive hyper-
glycemic approach and a more intensive approach
for the control of blood glucose levels through the
use of a glucose-insulin solution. They were, initial-
ly, encouraging of an intensive strategy, since after a
40.8 months follow-up there was a reduction of 11%
of mortality in the intensive group, which was more
evident in the low-risk groups who were not previ-
ously treated with insulin therapy.

The following studies then - Digami-2* e HI-5°
— tried to reproduce a similar design to the Digami
but were not very successful. In the first one, there
was no difference in mortality between the groups,
possibly due to the excellent blood glucose levels on
both. In the HI-5, the absence of significant differ-
ences in mortality could be explained by the reduced
number of patients in a study that, perhaps, was not
adequately blinded.

When we analyze the results of these three stud-
ies (Digami, Digami-2 e HI-5), we can see that the
post-intensive treatment blood glucose level was of
172.8 mg/dl, 163.8 mg/dl, and 144 mg/dl, respective-
ly, while in the groups randomized for the conser-
vative treatment it was 210.6 mg/dl, 180 mg/dl, and
145.8 mg/dl; the average for HbAlc was 8.1%, 7.23%,
and 7%, also respectively. The Digami data show that
this study had the highest values for blood glucose in
both groups in comparison with the other two stud-
ies, while the HI-5 was the one with the lowest val-
ues. This analysis suggests that higher blood glucose
values might be related to better outcomes when
compared with lower values in more intensive ap-
proaches. Accordingly, the meta-regression results
suggested there is a tenuous line between effective-
ness and safety for the reduction of blood glucose in
the acute stage.

The studies on GIK therapy were motivated by
the theoretical benefits of the solution in increasing
the availability of glucose and potassium to the myo-
cardium associated with the insulin effect that facili-
tates the glucose oxidation, reduces circulating fatty
acids, thus improving the parameters for coagulation
and the anti-inflammatory effects, and reducing ar-
rhythmias and changes in contractility. The studies
included in this meta-analysis assessed 13,031 pa-

tients who underwent GIK therapy and 13,007 who
underwent the conventional treatment; Create-Ecla™
had the largest sample, with 20,201 patients.

The Gips-I1® study compared the GIK therapy in-
fusion or placebo in 940 AMI patients eligible for
primary angioplasty in 8-12 hours, showing clinical
benefits for the patients, with no signs of heart fail-
ure; however, the following study, Gips-11°, could not
confirm this finding.

Similarly, in the most recent Create-Ecla, a study
that assessed the effects of a high dose of GIK did
not present a significant difference in mortality. The
Oasis-6" study was prematurely interrupted after
2,748 patients were enrolled after the publication of
the Create-Ecla; the Oasis-6 showed no benefits to
the GIK treatment.

Despite that, a recent analysis of the Oasis-6 and
Create-Ecla studies combined the populations of
both, showing an increase in mortality for the treat-
ment with GIK, especially over the first three days.

In a meta-analysis published in 1997 by Fath-Or-
doubadi & Beatt™ and reviewed by Mamas et al.” in
2010, it was demonstrated that the GIK therapy in
the studies analyzed conducted during a pre-revas-
cularization/fibrinolysis period presented benefits
for the clinical outcome. Upon comparing these data
with more recent studies, it is possible that the GIK
therapy benefits only patients in whom the reperfu-
sion has not been reached.

When analyzing the studies, it is evident that the
interventions by the GIK studies, overall, provid-
ed better blood glucose control for patients in both
groups. For those submitted to GIK therapy, there
was a discrete increase in blood glucose in compari-
son with the placebo group, whose average pre-ran-
domization blood glucose was of 150.48. After the
intervention, the blood glucose average in the treat-
ment group was of 137.7, and the average in the pla-
cebo group was 131.4. Both results were very similar,
which might justify the absence of benefits for the
reduction of mortality when both groups were com-
pared.

CONCLUSION

Few reported studies assess blood glucose con-
trol guided by goals in an intensive environment and
that included acute coronary syndrome patients. The
present meta-analysis demonstrated that the data
on the interval between blood glucose levels that
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should be sought during the acute stage of the AMI  Thus, the reasonable blood glucose targets should be
is inconsistent and that GIK therapy did not present  guided, preferably, by the average estimated blood
any benefits for this same group of patients. On the  glucose and should not exceed a reduction of 36 mg/
other hand, our study supports the hypothesis that  dL of blood glucose. Additional studies are still neces-
there must be a fine limit between effectiveness and  sary to confirm the ideal targets and dissect the dif-
safety for blood glucose reduction in the acute stage.  ferences between diabetic and non-diabetic patients.

RESUMO

INTRODUGAO: No infarto agudo do miocdrdio (IAM), cada incremento de 18 mg/dl (1 mmol/L) se associa a um aumento de 3% na
mortalidade. As estratégias de redugdo da glicemia tentadas até o momento, entretanto, ndo trouxeram resultados animadores.

METODOLOGIA: Foram pesquisadas nas bases de dados Medline (PubMed) e Cochrane Library os ensaios clinicos randomizados (ECRs)
de 1995 a 20177 que utilizaram estratégia intensiva ou a terapia GIK no controle glicémico durante a fase aguda do IAM. Foram incluidos
oito estudos. Para identificar os efeitos da insulinoterapia ou da terapia GIK; calculamos um risco relativo geral (RR) com meta-andlises
de modelos de efeitos fixos e aleatérios. Um valor de p-bicaudal < 0,05 foi considerado estatisticamente significativo.

RESULTADOS: Foram incluidos 28.151 pacientes, sendo 1.379 no grupo de tratamento intensivo da glicemia, 13.031 no GIK e 13.747 no
controle. A mortalidade total foi de 2.961 (10,5%), computando um risco relativo de 1,03 [95%CI 0,96-1,10]; 2= 31%; p = 0,41 para o
grupo intensivo ou GIK contra o grupo conservador. Redugdes intensas (> 36 mg/dL) em relacdo d glicemia estimada média se asso-
ciaram a maior mortalidade, enquanto redugbes menores ndo se associaram com seu incremento ou redugdo. A redugdo glicémica na
fase aguda em relagdo a glicemia estimada média foi mais efetiva e segura na faixa em torno de 18 mg/dL.

CONCLUSAO: Esta meta-andlise levanta a hipétese de haver um limite ténue entre efetividade e sequranga para a redugdo glicémica na
fase aguda, sendo que os alvos ndo devem exceder uma redugdo maior do que 36 mg/dL de glicemia.

PALAVRAS-CHAVE: Hiperglicemia. Infarto do miocdrdio. Meta-andlise como assunto. Efetividade. Sequranga. Cuidados criticos.
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ANNEX 1
Data Source and Research

The following terms were used in our search:
“acute myocardial infarction”, “diabetes mellitus”
and “stress hyperglycemia” and “stress hyperglyce-
mia in acute myocardial infarction” and (ensaio clini-
co aleatério controlado OU ensaio clinico controlado
OU randomizado OU placebo OU terapia medica-
mentosa OU aleatoriamente OU julgamento ou gru-
pos NAO animais) and (ensaio clinico randomizado
controlado e humanos) and (ensaio clinico controla-
do aleatério e humanos).

During the search strategy, we selected the follow-
ing languages: English, Spanish, and Portuguese. How-
ever, all relevant articles were published in English, con-
ducted in human beings, and classified as RCTs.

— Definitions

Hyperglycemia in an acute myocardial infarc-
tion event was characterized according to the defi-
nition of each researcher. Usually, these definitions
included the following terms from the MedDRA ter-
minology: “hyperglycemia after acute myocardial in-
farction” and “hyperglycemia and mortality in acute
myocardial infarction.”

— Data Extraction and Quality Assessment

Two researchers who were not involved in any of
the studies selected collected the data using a pre-set
table and assessed, independently, the precision of
the data, solving any discrepancies through consen-
sus after a discussion with a third researcher. The
following items were extracted from the studies in-
cluded: name of the first author, year of publication,
study design, characteristics of the patients, sample
size, duration of the intervention, type of dose con-
trol, clinical outcomes, and adverse events. If a study
was published more than once, we included the most
recent report. If the patients were recruited for more
than one study, they were not counted twice. The Co-
chrane Collaboration' tool to assess the risk of bias
was used to assess the different types of bias within
the studies included in our meta-analysis, and the
quality of the study was assessed using the Grade®
system. Two unblinded researchers independently
assessed the potential risk of bias in the RCTs using
the methods described in the Cochrane Collaboration
guidelines. Our co-primary outcomes were: 1) Blood
glucose levels after one of the approaches had been
applied, and 2) mortality for each of the approaches.

— Studies Included and Excluded

Using the Medline/PubMed, Cochrane Library
and ClinicalTrials.gov databases, we identified 36
citations that used the search terms previously de-
fined. After implementing our inclusion/exclusion
criteria, we excluded 25 studies that did not present
data on mortality or a comparison between a more
intensive approach for the control of stress hyper-
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glycemia and more conservative approaches, or that
presented randomization or data analysis (n=2) bias-
es, or were previous meta-analysis, which then re-
sulted in 11 studies considered relevant for this me-
ta-analysis.

Data Handling and Analysis

Dichotomous variables are reported as percent-
ages, while continuous variables are reported as
average + SD or median (interquartile range). The
baseline data were obtained through weighted calcu-
lation. To identify the potential effects of the inten-
sive strategy for blood glucose control, we calculated
an overall risk ratio (RR) with meta-analyses of fixed
and random effects models. Probability indexes and
risk ratios were universally identical during the data

analysis. We assessed the statistical heterogeneity
between the trials using I? statistics (with 95% CI)’,
which provides a measure of the proportion of over-
all variation that can be attributed to heterogeneity
between trials. We used risk ratios obtained through
a fixed and random effects meta-analysis because
they can be used as a sensitivity analysis. We used
meta-regression analyses to investigate the possible
sources of heterogeneity among the trials.
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SUMMARY

OBJECTIVE: To investigate the clinical efficacy and the possible mechanisms of saxagliptin in the treatment of type 2 diabetes mellitus
(T2DM) combined with non-alcoholic fatty liver disease (NAFLD).

METHODS: A total of 95 T2DM and NAFLD patients were randomly divided into group A (saxagliptin group), group B (glimepiride
group), and group C (glimepiride combined with polyene phosphatidylcholine group).

RESULTS: After intervention treatment for 24 w, body mass index (BMI), waist-to-hip ratio (WHR), glycated haemoglobin (HbATc),
fasting plasma glucose (FPG), fasting insulin (FINS), homeostatic model assessment of insulin resistance (HOMA-IR), interleukin-6
(IL-6), triglyceride (TG), total cholesterol (TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), y-glutamyltrans-
ferase (y-GT), and quantitative detection of liver steatosis of study subjects were observed, the action of liver steatosis in subjects of
groups A and C were significantly different from those of group B; however, there were no differences between groups A and C. The
FINS, HOMA-IR, and IL-6 of subjects in group A was lower than those in groups B and C; however, there were no significant differences
between the latter two groups.

CONCLUSION: For T2DM combined with NAFLD patients, the saxagliptin treatment could not only effectively control blood glucose but
also attenuate insulin resistance and inflammatory injury of the liver to improve fatty liver further.

KEYWORDS: Dipeptidyl-peptidase IV inhibitors/therapeutic use. Diabetes mellitus, type 2. Interleukin-6. Fatty liver. Non-alcoholic fatty
liver disease.

INTRODUCTION

Non-alcoholic fatty acid disease (NAFLD) refers
to one type of metabolic stress-induced liver inju-
ry syndrome that is closely associated with insulin
resistance and genetic susceptibility resulting from
factors other than alcohol and other clear liver injury
factors'. Epidemiological survey results have shown

that the prevalence of NAFLD in the world reaches
30%, the prevalence of combined NAFLDs among
type 2 diabetes mellitus (T2DM) patients reaches
34%-74%, and NAFLD is present in almost all T2DM
combined with obesity patients®. Insulin resistance
is even more evident in T2DM combined with NAFLD
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E EFFICACY OF SAXAGLIPTIN IN

2DM PATIENTS WITH NON-ALCO

HOLIC

Y LIVER DISEASE: PRELIMINARY DATA

TABLE 1. COMPARISON OF BASELINE CLINICAL INFORMATION OF SUBJECTS AMONG ALL GROUPS

Group Number of | Age Disease BMI WHR HbA1c FPG FINS HO- IL-6
cases (year) history (kg/m2) (cm/cm) | (%) (mmol/L) | (uIU/ml) | MA-IR (pg/ml)
(male/fe- (month)
male)

Group A | 31(15/16) 4658815 | 11.32+6.64 | 27.20+4.06 | 0.89+0.06 | 7.79+0.52 | 7.86%1.25 10.63+2.25 | 3.72+0.98 | 10.60£8.20

Group B | 33(17/16) 4736%9.40 | 1015755 |26.46+3.23 | 0.89+0.05 | 7.82+0.61 | 7.57+1.24 997+245 | 3.370.99 | 10.05+7.57

Group C | 31(16/15) 4926894 | 9554537 | 26.02+291 | 0.88+0.05 | 7.85+0.57 | 7.54+0.98 10.57+2.61 | 3.55+1.02 | 11.36+9.10

F 0.084 0.908 2448 2.544 0.218 1.659 0.230 0.639 0148 0.270

p 0.959 0.407 0.092 0.084 0.805 0.196 0.795 0.530 0.863 0.764

Group Number of | Age Disease TC TG ALT AST y-GT Quantitative
cases (year) history (mmol/L) | (mmol/L) | (U/L) (U/L) (U/L) detection of
(male/fe- (month) liver steatosis
male) (%)

Group A | 31(15/16) 46.58+815 | 11.32+6.64 | 535094 1.98+1.08 31.74+1899 | 32.48+20.33 | 5119+27.01 | 20.50+8.96

Group B | 33(17/16) 4736940 | 10.15¢7.55 | 5.55+0.79 213+0.84 28.36114.55 | 28.88+14.08 | 46.61+20.26 | 21.11+8.85

Group C | 31(16/15) 4926894 | 955537 | 557%1.20 2.06+1.02 30.26+13.05 | 27.13£12.17 45.00+21.37 | 22.03£9.19

F 0.084 0.908 2448 1.816 0.164 1.643 2.314 2436 0.229

p 0.959 0.407 0.092 0169 0.849 0199 0.105 0.093 0.796

patients, and the risk of cardio-cerebrovascular dis-
eases increases in these patients. Therefore, during
the control of blood glucose compliance, it would
be more beneficial also to improve fatty liver at the
same time. Studies in recent years have suggested
that the development and progression of various
chronic liver diseases are associated with dipepti-
dyl peptidase-4 (DPP-4). NAFLD patients have higher
levels of serum DPP-4, and administration of DPP-4
inhibitor treatment can improve liver functions and
hepatocyte degeneration levels in these patients®*;
however, its possible mechanisms are still not com-
pletely elucidated. This study aimed to observe the
efficacy of saxagliptin in the reduction of glucose and
the improvement of fatty liver in newly diagnosed
T2DM patients combined with NAFLD and to inves-
tigate the possible mechanisms underlying the im-
provement of fatty liver.

INVESTIGATIONS AND RESULTS

A total of 95 subjects were enrolled in this study.
Group A had 31 cases, and 1 case was lost during fol-
low-up; group B had 33 cases, and no case was lost
during follow-up, and group C had 31 cases, and 2
cases were lost during follow-up. A total of 92 sub-
jects completed this study.

Comparison of baseline clinical information

among all groups

Age, gender, DM history, BMI, WHR, HbAlc,
FPG, FINS, IL-6, TG, TC, ALT, AST, y-GT, and quan-

titative detection of liver steatosis of subjects among
the three groups before enrolment were not signifi-
cantly different (p>0.05) (Table 1) and had compara-
bility.

Comparison of the control of BMI, WHR,

blood glucose, and blood lipids after 24 w of

treatment among all groups

BMI, WHR, HbAlc, FPG, TC, and TG of subjects
among the three groups were not significantly dif-
ferent at the observation endpoint (p>0.05) (Table
2), suggesting that the hypoglycemic efficacy in the
saxagliptin treatment group was equivalent to that in
the glimepiride group.

Comparison of liver functions, quantitative

detection of liver steatosis, FINS, HOMA-IR,

and IL-6 among all groups after 24 w of treat-

ment

ALT, AST, ¥-GT, and quantitative detection of liver
steatosis of subjects in groups A and C were all lower
than that in group B, and the differences were signif-
icant (p<0.05); in contrast, there were no differences
between groups A and C. FINS, HOMA-IR, and IL-6
of subjects in group A was lower than those in groups
B and C (p<0.05); however, there was no significant
difference between the latter 2 groups (Table 3).

DISCUSSION

Dipeptidyl peptidase-4 (DPP-4) inhibitors can stim-
ulate pancreatic islet  cells to secrete insulin and
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can also inhibit abnormal secretion of glucagon by
a cells, functioning on the o,B-double-channel glu-
cose-dependent blood glucose regulation mechanism®.
Based on metformin administration, the comparison
of blood glucose control compliance rates between
combined saxagliptin treatment and combined glime-
piride treatment did not have a significant difference
in elderly T2DM patients®. This study observed that
the treatment of newly diagnosed DM patients using
saxagliptin or glimepiride alone did not have a signifi-
cant difference in the control of FPG and HbAlc, sug-
gesting that the blood glucose control effects between
these two treatments were equivalent. In addition,
the results in this study showed that the HOMA-IR
indicator in the saxagliptin treatment group was low-
er than that in the glimepiride group, suggesting that
saxagliptin could improve insulin resistance in newly
diagnosed T2DM combined with NAFLD patients. Pre-
vious study results mainly suggested that saxagliptin
could stimulate insulin secretion and improve 3 cell
functions but did not have apparent functions on in-
sulin resistance”. Some studies have suggested that
saxagliptin could also improve insulin resistance in
DM patients®. The differences in the study results
might be associated with characteristics of the pop-
ulations enrolled in the different studies. Therefore,
large-scale clinical trials are still needed for further
studies and observations.

NAFLD is characterized by hepatocyte steatosis,
and fat deposition includes simple fatty liver, steato-
hepatitis, and fatty liver fibrosis and cirrhosis. Cur-
rently, its pathogenetic mechanisms have not been
completely elucidated. The “second hit” theory is
currently the most recognized viewpoint by most
scholars. In the first hit, fat accumulation in the liver
causes hepatocyte apoptosis and induces insulin re-
sistance. Insulin resistance, directly and indirectly,

participates in the second hit to cause inflammatory
responses, hepatocyte injury, and fibrosis'. Studies
on NAFLD-associated chronic inflammation have
received extensive attention in recent years, and
cytokines and inflammatory factors have become
research hot spots™®. IL-6 is mainly produced by
immune cells, including macrophages, T cells, and B
cells; it is an important pro-inflammatory cytokine,
and the deregulation of its expression is closely as-
sociated with various diseases. The functions of IL-6
in hepatocyte steatosis are very complicated. It has
been shown that IL-6 plays a role in liver protection
through the inhibition of oxidative stress and the
prevention of mitochondrial dysfunction in the early
stage of fatty liver. However, during the pathological
changes in the late stage of fatty liver, IL-6 can induce
hepatocyte apoptosis, produce insulin resistance,
participate in NAFLD development and progression,
and cause hepatocyte injury®™. This study showed
that the blood glucose control, BMI, and WHR of sub-
jects in the saxagliptin group were not significantly
different compared to the glimepiride group. Howev-
er, the IL-6 and HOMA-IR levels were both lower than
those in the glimepiride group and the glimepiride
combined with polyene phosphatidylcholine group.
In addition, the level of liver steatosis quantitation
of subjects in the saxagliptin group was significant-
ly lower than that in the glimepiride group and was
equivalent to that in the glimepiride combined with
polyene phosphatidylcholine group. These results
suggested that based on the same levels of blood glu-
cose control and body weight management, the ad-
ministration of saxagliptin treatment could improve
insulin resistance and reduce the levels of inflamma-
tory factors such as IL-6 to improve hepatocyte ste-
atosis and protect hepatocytes in newly diagnosed
patients with T2DM combined with NAFLD.

TABLE 2. COMPARISON OF THE CONTROL CONDITIONS OF BMI, WHR, HBA1C, FBG, TC, AND TG AMONG ALL

GROUPS

Group Number of cases BMI WHR HbA1c FPG TC TG
(male/female) (kg/m2) (cm/cm) (%) (mmol/L) (mmol/L) (mmol/L)

Group A 30 (14/16) 26.69+416 0.88+0.06 6.91£0.48 6.46+£0.44 512+0.78 1.58+0.85

Group B 33(17/16) 25.65+£3.03 0.88+£0.05 6.92+0.58 6.42+0.57 5.40+0.62 1.65+0.77

Group C 29 (14/15) 25.52+2.79 0.87£0.05 6.85+0.47 6.42+0.48 5.28+1.08 1741712

F 0155 1132 0477 0197 0.080 0.898 0.245

p 0.926 0.327 0.622 0.821 0.923 04M 0.784
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In summary, the administration of saxagliptin
treatment could effectively control blood glucose in
patients newly diagnosed with T2DM combined with
NAFLD, and its efficacy was no worse than that of
glimepiride. In addition, saxagliptin treatment could
improve insulin resistance, reduce IL-6 levels, and at-
tenuate inflammatory responses to improve hepato-
cyte steatosis, protect hepatocytes, and obtain extra
benefits other than the hypoglycemic effect in NA-
FLD patients. However, whether the treatment effect
of saxagliptin on the fatty liver is independent of the
hypoglycemic effect still requires further studies for
investigation.

EXPERIMENTAL
Patients

A total of 95 T2DM patients (48 male and 47 fe-
male) who were treated in the Department of En-
docrinology of our hospital between July 2014 and
December 2016 were selected. All subjects signed an
informed consent form. This study was approved by
the Research Ethics Committee of Qilu Hospital of
Shandong University.

Case inclusion and exclusion criteria

Inclusion criteria: (1) patients who met the World
Health Organisation (WHO) 1999 T2DM diagnostic
criteria; (2) patients who were newly diagnosed with
T2DM or had a disease history of less than 2 years
and did not receive hypoglycaemic drug treatment;
(3) patients with ages between 30-60 years, body
mass index (BMI) between 23-30 kg/m? and glycat-
ed haemoglobin (HbAlc) between 7%-9%; and (4) pa-
tients who met the relevant diagnostic criteria of the
Guidelines for the Management of Non-alcoholic Fatty
Liver Disease (2010 revised edition) by the Chinese
Society of Hepatology, Chinese Medical Association
and did not receive drug treatment for liver protec-

tion. Exclusion criteria: (1) patients with acute com-
plications and severe chronic complications of DM;
(2) patients with viral hepatitis, drug hepatitis, auto-
immune liver disease, other liver diseases caused by
clear damage factors, hepatolenticular degeneration,
and total parenteral nutrition; and (3) patients with
liver cirrhosis, severe liver and kidney insufficiency,
cardio-cerebrovascular diseases, acute infection, and
genetic diseases.

Patient grouping and treatment

Subjects were randomly divided into groups A,
B, and C according to a computer-generated random
number table. Group A received oral saxagliptin at 5
mg once a day (QD), group B received oral glimepiri-
de at 2 mg QD, and group C received oral glimepiride
at 2 mg QD and polyene phosphatidylcholine at 456
mg orally three times a day (PO TID) based on pro-
viding diet and exercise therapy guidance. The doses
of glimepiride for subjects in groups B and C were
adjusted based on blood glucose. Patients were ob-
served for 24 w.

Observation indicators

Body weight, height, waist circumference, hip
circumference, HbAlc, fasting plasma glucose
(FPG), fasting insulin (FINS), interleukin-6 (IL-6),
triglyceride (TG), total cholesterol (TC), alanine
aminotransferase (ALT), aspartate aminotransfer-
ase (AST), y-glutamyltransferase (y-GT), and quan-
titative detection of liver steatosis of study subjects
were observed before enrolment and after 12 and
24 w of treatment. In addition, BMI, waist-to-hip
ratio (WHR), and homeostatic model assessment of
insulin resistance (HOMA-IR) were calculated. Fin-
gertip FPG and two h postprandial blood glucose
were measured every two w. Patients with liver fat
contents between 5%-10% were considered to have

TABLE 3. COMPARISON OF FINS, HOMA-IR, IL-6, ALT, AST, T-GT, AND QUANTITATIVE DETECTION OF LIVER

STEATOSIS AMONG ALL GROUPS

Group Number of FINS HOMA-IR IL-6 ALT AST y-GT Quantitative
cases (pIU/ml) (pg/ml) (U/L) (U/L) (U/L) detection of liver
(male/fe- steatosis (%)
male)

Group A | 30 (14/16) 7.82£214"# 2.25+0.63"# 6.04+4.01# 22.10+9.25" 16.94+6.43" | 30.84+21.30° | 14.57+7.78"

Group B | 33(17/16) 9.75+2.34 2.79%0.75 9.84+6.81 29.00+14.62 22.03+10.27 | 44.21£12.42 20.13+818

Group C | 29 (14/15) 10.29+2.40 2.94+0.76 10.46+7.56 19.32+9.50" 1768+560" | 31.48+2812" 15.09+9.09"

F 0155 9.940 8.229 4470 6.072 3.600 3.999 4733

p 0.926 0.000 0.001 0.014 0.003 0.031 0.022 0.0M

Note: * compared with group B, p<0.05; # compared with group C, p<0.05.
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mildly fatty livers, between 11%-30%, were con-
sidered to have moderately fatty livers, and above
30% were considered to have severely fatty livers.

STATISTICAL ANALYSES

Analyses were performed using SPSS 21.0 soft-
ware. Continuous variables conformed to the nor-
mal distribution and were expressed as’x+s. Based
on the distribution features of clinical information

among all groups, the comparison of measurement
data that conformed to the normal distribution and
had homogenous variances was performed using
the analysis of variance (ANOVA). The comparison
inside a group was performed using the least sig-
nificant difference (LSD) method. P<0.05 indicat-
ed that the difference had statistical significance.

Declaration of conflict of interest
None.

RESUMO

OBJETIVO: Investigar a eficdcia clinica e os possiveis mecanismos da saxagliptina no tratamento do diabetes mellitus tipo 2 (DM2)
associado a doenga hepdtica gordurosa ndo alcodlica (DHGNA).

METODOS: Um total de 95 DM2 combinados com pacientes com DHGNA foram aleatoriamente divididos em grupo A (grupo saxaglipti-
na), grupo B (grupo glimepirida) e grupo C (glimepirida combinado com grupo fosfatidilcolina polienizada).

RESULTADOS: Apés a intervengdo tratamento por 24 w, indice de massa corporal (IMC), relagdo cintura-quadril (RCQ), hemoglobina gli-
cada (HbATc), glicemia de jejum (FPG), insulina de jejum (Fins), avaliagdo do modelo homeostdtico de insulina resisténcia (Homa-IR),
interleucina-6 (IL-6), triglicérides (TG), colesterol total (CT), alanina aminotransferase (ALT), aspartato aminotransferase (AST), y-glu-
tamiltransferase (y-GT) e detecgdo de esteatose hepdtica dos sujeitos do estudo foram observados. A¢do de esteatose hepdtica de
individuos nos grupos A e C foram significativamente diferentes do grupo B; no entanto, ndo houve diferengas entre os grupos A e C. Os
grupos Fins, Homa-IR e IL-6 dos participantes do grupo A foram menores que os dos grupos B e C; no entanto, ndo houve diferengas
significativas entre os dois Ultimos grupos.

CONCLUSAO: Para o DM2 combinado com pacientes com DHGNA, o tratamento com saxagliptina pode ndo apenas controlar efeti-
vamente a glicemia, mas também atenuar a resisténcia a insulina e a lesdo inflamatéria do figado para melhorar ainda mais o figado
gorduroso.

PALAVRAS-CHAVE: Inibidores da dipeptidil peptidase 1V/uso terapéutico. Diabetes mellitus tipo 2. Interleucina-6. Figado gorduroso.

Hepatopatia gordurosa ndo alcodlica.
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SUMMARY

http://dx.doi.org/10.1590/1806-9282.65.1.38

OBJECTIVE: Association between type 2 diabetes mellitus and inflammation is well-established. We aimed to study platelet-to-lympho-
cyte ratio (PLR), a novel inflammatory index derived from hemogram, in diabetic patients in comparison to those in healthy volunteers.

METHODS: Medical data of type 2 diabetics that showed up in general outpatient medical clinics of our institution between February
2017 and August 2017 were recorded and analyzed.

RESULTS: Median PLR of type 2 diabetic patients was significantly higher than the PLR of healthy controls (p=0.001). Moreover, PLR
was significantly and positively correlated with HbATc (p<0.001, r=0.58), fasting plasma glucose (p<0.001, r=0.49), and c-reactive pro-
tein (p=0.003, r=0.30) levels. Type 2 diabetic subjects with proteinuria had significantly higher PLR levels than that of diabetic subjects
without proteinuria.

CONCLUSION: As an inexpensive and easy to use index, PLR may be useful in predicting the development and control levels of type 2

diabetes mellitus. However, its correlation with HbATc needs to be validated by larger prospective studies.

KEYWORDS: Diabetes mellitus, type 2. Inflammation. Glycated hemoglobin A. Lymphocyte count. Platelet count.

INTRODUCTION

Type 2 diabetes mellitus (DM) has reached nearly
epidemic levels worldwide. Clinical and experimen-
tal studies focus on a better understanding of the
pathophysiology in order to develop more effective
treatment options. Type 2 DM is associated with low-
grade inflammation. Moreover, diabetes control lev-
els, such as glycated hemoglobin (HbA1c) levels, can
be predicted by circulating inflammatory biomark-
ers. It is reported in the literature that inflammatory

indexes in serum are correlated with HbAlc levels in
type 2 diabetic subjects.

Hemogram parameters have attracted great at-
tention from researchers as novel inflammatory pa-
rameters. One of them is the platelet-to-lymphocyte
ratio, which is derivated through the simple division
of the platelet count by the lymphocyte count in a he-
mogram test. Platelet-to-lymphocyte ratio (PLR) has
been proposed as a novel inflammatory marker for
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several cardiac, rheumatologic, and neoplastic condi-
tions.>* Therefore, we hypothesized that PLR could
be associated with type 2 DM as well.

The aim of the present study was to compare PLR
levels of type 2 diabetic patients to those of healthy
controls. We also aimed to research the possible cor-
relation between HbAlc and PLR in patients with
type 2 DM.

METHODS

After the institutional board approved the study,
we retrospectively analyzed the data of patients with
type 2 DM whose admissions to our hospital oc-
curred between February and August 2017. Control
subjects enrolled were healthy subjects that visited
the clinic for routine check-ups. Age, gender, height,
weight, waist circumference, systolic blood pressure
(SBP), diastolic blood pressure (DBP), diabetes com-
plications (if any), comorbidities, use of anti-diabetic
drugs, HbAlc level, hemogram parameters — such
as white blood cell count (WBC), lymphocyte count
(lym), hemoglobin (Hb), hematocrit (Htc), and plate-
let count (PLT) — were recorded. Fasting glucose,
total cholesterol, LDL cholesterol, HDL cholesterol,
triglyceride, c- reactive protein (CRP), uric acid lev-
els were also obtained from a biochemical labora-
tory database of test results. The body mass index
(BMI) was simply calculated by dividing the weight
in kilograms by the squared height in meters. PLR
was measured as a derived parameter by dividing
the PLT by lym. Active inflammatory diseases, active
infection, malign conditions, pregnancy, age below
18 years, and use of medications that may interfere
with platelet count were set as exclusion criteria.

Commercial SPSS software (SPSS 15.0; IBM Inc.,
Chicago, IL, USA) was used for statistical analysis.
Comparison of homogenously distributed variables
in study and control groups was conducted by inde-
pendent samples t-test and values were expressed
as a mean + standard deviation. On the other hand,
comparison of non-homogenously distributed vari-
ables in study and control groups was made by
Mann-Whitney U test and variables expressed as
median (minimum-maximum). The comparison of
categorical variables in study groups was conduct-
ed with the Chi-square test. Pearson’s correlation
analysis was used for the correlation between study
parameters. A p value of < 0.05 was considered as
statistically significant.

RESULTS

A total of 93 individuals, 63 diabetic and 30
control subjects, were enrolled in the study. The
mean age of the study and control groups were 56
+ 9 years and 45 + 12 years, respectively. Diabetic
subjects were significantly older than healthy con-
trols (p<0.001). A total of 33 of 63 diabetic subjects
and 21 of 30 healthy controls were women. The
sex difference between study and control groups
was not statistically significant (p=0.11).

Although weight was significantly different be-
tween study and control groups (p<0.001), height
was similar between them (p=0.08). Both body mass
index and waist circumference were significant-
ly higher in the study group compared to the con-
trol group (p<0.001 for both). Systolic and diastolic
blood pressures were significantly higher in diabet-
ic subjects compared to healthy ones (p=0.001 for
SBP and p=0.048 for DBP). General characteristics
of the study and control groups were summarized
in table 1.

While there was no significant difference between
study and control groups in terms of LDL choles-
terol (p=0.12), serum creatinine (p=0.06), Hb (0.92)
and Htc (0.72) levels, total cholesterol (p=0.02), HDL
cholesterol (p<0.001), triglyceride (p<0.001), fasting
plasma glucose (p<0.001), uric acid (p<0.001), CRP
(p<0.001), WBC (p=0.001) and PLT (p<0.001), values
were significantly different between diabetic sub-
jects and healthy controls.

Calculated PLR in type 2 diabetic and control
groups were 122 (44-472) and 94 (48-170), respective-
ly. The difference between study and control groups
was statistically significant (p=0.001). The laboratory
data of the study and control subjects were summa-
rized in table 2.

PLR was significantly and positively correlated
with HbA1lc (p<0.001, r=0.58), fasting plasma glucose
(p<0.001, r=0.49), and CRP (p=0.003, r=0.30) levels
in Pearson’s correlation analysis test. However, PLR
was not correlated with BMI, nor with waist circum-
ference. Figure 1 shows the relationship between
HbAlc and PLR.

In the subgroup analysis of 63 diabetic patients,
26 had proteinuria of various levels, and 37 had not.
The PLR of type 2 diabetics with proteinuria was sig-
nificantly higher than that of the diabetic patients
without it (p=0.04). PLR of diabetic subjects with and
without retinopathy was similar (p=0.24). PLR of di-
abetic subjects with confirmed diabetic neuropathy
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TABLE 1. GENERAL CHARACTERISTICS OF THE STUDY

POPULATION
Study Control p
Group Group
Gender Men (n) 30 9 om
Women (n) | 33 21
Mean = standard deviation
Age (years) 56+9 45+12 <0.001
Height (m) 162+09 |166+08 008
Weight (kg) 82+13 70+8 <0.001
Body mass index (kg/m?) | 31454 256+ 4.2 <0.001
Waist circumference (cm) | 106 * 12 89 +10 <0.001
Median (min-max)
Systolic blood pressure 120 10 0.001
(mmHg) (90-180) | (100-130)
Diastolic blood pressure 80 70 0.04
(mmHg) (50-10) (50-80)

TABLE 2. LABORATORY DATA OF THE STUDY
POPULATION

Study group Control group p
Median (min-max)
Fasting plasma 162 (86-565) 95 (79-107) <0.001
glucose (mg/dl)
Serum creatinine 0.82(0.63-1.5) | 0.75(0.56- 0.06
(mg/dl) 1.05)
Uric acid (mg/dl) 56 (3.2-8.6) 4.5(21-104) <0.001
CRP (U/1) 5(0.1-45) 2.2 (01-11.9) <0.001
Total cholesterol 204 (94-325) 168 (114-248) | 0.02
(mg/dl)
LDL- cholesterol 123 (42-244) 11 (53-162) 012
(mg/dl)
HDL-cholesterol 45 (25-86) 55 (39-77) <0.001
(mg/dl)
Triglyceride (mg/dl) | 166 (72-1050) 106 (52-297) <0.001
WBC (u/mm3) 75 (4.4-13.7) 6.3 (3.4-9.7) 0.001
PLT (u/mm?) 245 (141-482) | 208 (148-263) | <0.001
PLR 122 (44-472) 94 (48-170) 0.001
Mean * Standard Deviation
Hb (g/dl) 136+16 13619 0.92
Htc (%) 40+46 403+22 0.72

was not significantly different from that of diabetics
without diabetic neuropathy (p=0.29).

DISCUSSION

The present study showed that PLR was signifi-
cantly higher in type 2 diabetic patients compared
to healthy subjects. Another interesting finding was
the positive correlation between HbAlc and PLR in
diabetic subjects.

Elevated PLR in patients with type 2 diabetes mel-
litus may be a reflection of the underlying inflamma-

tory burden of the disease. As HbAlc worsens due to
poor diabetes control, underlying chronic low-grade
inflammatory status intensifies and thus, inflamma-
tory markers, including PLR, increase.

Pathogenesis of type 2 diabetes mellitus is an
inflammatory process.® There are many studies in
the literature that point to an association between
diabetes mellitus and inflammation. For example,
Pradhan et al.® suggested that an increase in in-
flammatory markers such as CRP and interleu-
kin-6 may predict the development of diabetes
mellitus. In another study, authors concluded that
chronic inflammation in type 2 DM was associ-
ated with mortality risk.” Chronic complications
from diabetes, in particular, have been linked to
the inflammatory status of the patients.®?® Navarro
et al."™ showed that albuminuria was closely asso-
ciated with inflammatory markers, including high
sensitive CRP and tumor necrosis factor- alpha.
Similarly, we found that PLR was higher in dia-
betic patients with proteinuria compared to those
without it. However, this report did not show such
a relation in diabetic neuropathy and retinopathy,
which may be due to the small study population.
Therefore, as an inflammatory index, one can ex-
pect increased PLR in diabetic subjects.

PLR has been studied in several clinical condi-
tions as a marker of inflammation. Akboga et al.™
studied PLR in coronary artery disease and conclud-
ed that it was cheap and easy to assess inflamma-
tory marker, which was helpful in predicting the
severity of coronary artery disease. Moreover, PLR
has been suggested as an inflammatory indicator in
psoriasis,” and rheumatoid arthritis.”™ Beside dis-
eases with a high inflammatory burden, PLR has
also been found to be associated with low-grade
Authors
claimed that high PLR has predicted poor prognosis

inflammatory states, such as cancers.

in patients with breast cancer." Kokcu et al.* re-
ported that PLR was positively correlated with the
stage of ovarian cancer. Furthermore, the prognosis
of epithelial ovarian cancer could be predicted by an
increase in PLR." These data in the literature sug-
gest that PLR is a strong inflammatory index and
type 2 DM, as a low-grade inflammatory condition
may be associated with elevated PLR.

The inflammatory burden of type 2 diabetes mel-
litus might be aggravated by poor diabetes control.
The positive correlation between PLR and HbAlc re-
ported in the present study suggests this.
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FIGURE 1. ASSOCIATION BETWEEN HBA1C AND PLR
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CONCLUSION

The reason for increased PLR in type 2 diabetes

mellitus should be explained by an increased platelet
count in diabetic patients."” Limitations of the present
report are its retrospective design and the relatively
small study population. However, to the best of our
knowledge, this is the first study that found an as-

The PLR is an inexpensive and simple assessment
marker, which can be useful in predicting the devel-
opment and control level of type 2 diabetes mellitus.
However, we believe that its correlation with HbAlc
needs to be validated by larger prospective studies.

sociation between PLR and type 2 diabetes mellitus.
Conflict of Interest
None

O controle diabético poderia ser predicado por Platelet para a relagdo de linfécitos no hemograma

OBJETIVO: A associagdo entre diabetes mellitus tipo 2 e inflamagdo estd bem estabelecida. Pretendemos estudar a relagdo plaquetdria
com linfécitos (PLR), um novo indice inflamatdrio derivado do hemograma, em pacientes diabéticos e comparar com aqueles em
voluntdrios sauddveis.

METODOS: Foram registrados e analisados dados médicos de diabéticos de tipo 2 que apareceram em clinicas ambulatoriais de medici-
na geral de nossa instituigdo entre fevereiro de 2017 e agosto de 20717.

RESULTADOS: A PLR mediana dos pacientes com diabetes tipo 2 foi significativamente maior que a PLR de controles sauddveis
(p=0,001). Além disso, a PLR foi correlacionada de forma significativa e positiva com os niveis de glicemia de jejum (p<0,001, r=0,49)
e niveis de proteina c-reativa (p=0,003, r=0,30) com HbATc (p<0,001, r=0,58). Os individuos diabéticos de tipo 2 com proteindria au-
mentaram significativamente os niveis de PLR do que os individuos diabéticos sem proteindria.

CONCLUSAO: Como um indice barato e fdcil de usar, a PLR pode ser ttil para prever o desenvolvimento e controle do nivel de diabetes
mellitus tipo 2. No entanto, sua correlagdo com HbATc precisa ser validada por estudos prospectivos maiores.

PALAVRAS-CHAVE: Diabetes mellitus tipo 2. Inflamagdo. Hemoglobina A glicada. Contagem de linfécitos. Contagem de plaquetas.
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Consumption of animal-based and processed food
associated with cardiovascular risk factors and
subclinical atherosclerosis biomarkers in men
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SUMMARY

OBJECTIVE: To evaluate the frequency of food consumption in apparently healthy men and their association with cardiovascular risk
factors and biomarkers of subclinical atherosclerosis.

METHODS: In this observational study, 88 men had their food standard obtained through the food frequency questionnaire (FFQ).
Associations of dietary patterns with cardiovascular risk factors, such as anthropometric data, laboratory and clinical evaluations,
carotid-femoral arterial stiffness (IMT) and pulse wave velocity were evaluated.

RESULTS: The highest values were observed, for most of the risk factors evaluated, with the highest frequency of weekly consumption of
dairy products, meats, sweets, fats, cold meats, sodas, milk and white chocolate; and lower frequency of weekly consumption of fruits,
cereals, vegetables, legumes, oilseeds, and soy. There was no significant difference for coffee and dark chocolate

CONCLUSIONS: A diet with high consumption of animal products has a higher correlation with cardiovascular risk factors; the opposite
is true for the consumption of plant-based food, associated with the profile of more favorable biomarkers for cardiovascular health and
better biochemical and structural parameters.

KEYWORDS: Atherosclerosis. Food Consumption. Pulse Wave Analysis. Vascular Stiffness.

INTRODUCTION than those who follow diets poor in vegetables®. Sev-

Chronic non-communicable diseases (CNCD) are
the leading cause of disability. Among them are in-
cluded cardiovascular disease, responsible for 30%
of deaths worldwide. Epidemiological data suggest
that individuals who follow diets rich in fruits and
vegetables have a lower risk of CNCD and mortality

eral studies have shown a connection between the
consumption of meat and hypertension, risk of heart
disease, metabolic disorders, and mortality*®. The
relationship between food and diseases in groups
who follow specific diets, such as vegetarians, have
required the attention of scholars. In the past, the fo-
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CONSUMPTION OF ANIMAL-BASED AND PROCESSED FOOD ASSOCIATED WITH CARDIO

VASCULAR RISK FACTORS AND SUBCLINICAL ATHEROSCLEROSIS BIOMARKERS IN MEN

cus was on evidencing the problems caused by the
deficiency of certain nutrients; now, it is evident a
tendency to study the possible health benefits of a
diet completely or partially plant-based, such as the
ovo-lacto vegetarian diet™.

Recent studies show the link between diet and
nutritional state with the occurrence of CNCD™M.
Despite vast clinical and epidemiological evidence
that diet has a direct effect on the onset of chronic
diseases, the mechanisms of action are not yet clear-
ly understood, especially regarding cardiovascular
risk™®. Furthermore, some studies have investigated
the relationship between the consumption of certain
nutrients or food and the intima-media thickness™*
and the pulse wave velocity.

Due to the scientific interest in food consumption,
healthy diet, cardiovascular health, and the scarcity
of studies that carry out that analysis, the objective
of this study was to assess the frequency of food con-
sumption in men who were apparently healthy and
its link with cardiovascular risk.

METHODS
Study population

In this cross-sectional observational study, 745
adult volunteers were recruited in the city of Sao
Paulo, Brazil, through social activities and internet
publicity, initially between October 2012 and June
2013. The participants filled out questionnaires on
family and personal medical history, diet preferenc-
es, physical activity, formal education, and personal
data. The exclusion criteria were: 1) female; 2) under
35 years old; 3) history of diabetes; 4) history of dys-
lipidemia; 5) history of cardiovascular or cerebrovas-
cular diseases; 6) history of hypertension or of use
of antihypertensive medication; and 7) smoking. All
individuals that declared to be smokers or “occasion-
al smokers,” or who had quit smoking one month
before the interview were considered smokers.
The sample consisted of men who were apparently
healthy in order to prevent confounding risk factors
for subclinical atherosclerosis.

Healthy participants who were >35 years old were
allocated into two groups — VEG and OMNI -, accord-
ing to their diets. VEG men were defined as having
had a vegetarian diet free of meat, fish, and poultry
for at least four years; these men could be ovo-lacto
vegetarian (consumption of eggs, milk and dairy),
lacto-vegetarians (consumption of milk and dairy), or

vegan (no consumption of eggs, milk, or dairy). OMNI
men were defined as those who consume any type of
meat, at least five portions or more per week. During
the period from July 2013 to January 2014, after the
inclusion and exclusion criteria were applied, 88
men, >35 years old, apparently healthy were included
in the study (44 vegetarians and 44 omnivores). The
original study design had the intention of studying
the link between a vegetarian and omnivore diet on
cardiovascular risk factors; however, in this study,
our strategy was to consider both groups as a whole.
The research committee of the Heart Institute (In-
Cor) of the Hospital of the Faculty of Medicine of the
University of Sao Paulo approved the protocol of the
study, and all participants signed an Informed Con-
sent Form to participate in the study.

Laboratory and clinical analysis, ultrasonogra-

phy of the carotid, pulse wave velocity (PWV)

The methodology of these variables is described
in the previous publication of the CARVOS Study™.

Anthropometric assessment

For the anthropometric assessment, we used the
Body Mass Index (BMI) and the bioelectrical imped-
ance analysis (BIA). To assess the level of physical
activity we used the International Physical Activity
Questionnaire-Short Form (Ipaq). The methodology
is described in the CARVOS™ study on body compo-
sition.

The assessment of the frequency of food con-

sumption

The individuals were interviewed, and a food fre-
quency questionnaire (FFQ) was applied to assess
the pattern of consumption of food groups.

Each individual was asked: Over the last seven
days, in how many days did you consume the fol-
lowing food or beverages? The following alternatives
were possible: Did not eat over the last seven days; 1
day over the last seven days; 2 days over the last sev-
en days; 3 days over the last seven days; 4 days over
the last seven days; 5 days over the last seven days;
6 days over the last seven days; and all seven days.

The food groups assessed were: 1. Grains, tubers,
and roots (rice, corn, bread, cookies, pasta, pastry,
potato, manioc); 2. Leafy greens (chard, lettuce, broc-
coli, collard greens, kale, spinach, cabbage, arugula,
etc.); 3. Vegetables (pumpkins, beet, carrot, chayote,
cucumbers, tomato, etc.); 4. Fresh fruits (pineap-
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ple, banana, apple, papaya, strawberry, grape, fruit
salad, etc.); 5. Legumes (beans, peas, lentils, chick-
peas, soy); 6. Oilseeds (nuts, almonds, pistachios,
linseed, sunflower seeds); 7. Dairy products (milk,
yogurt, and cheese); 8. Meat (poultry, beef, pork,
game — such as rabbit and pheasant, etc.); 9. Fish and
seafood (shrimp, crab, lobster, etc.); 10. Eggs (fried,
boiled, poached, etc.). 11. Cold meats (sausage, sala-
mi, hamburger, bologna, ham, turkey breast, etc.);
12. Soy-based food and drinks (soy-based drinks,
textured vegetable protein, etc.); 13. Fats (fried food,
such as potato or manioc, croquettes, hand pies); 14.
Sweets (candy, gum, candied fruit, etc.); 15. Soda (not
including diet or light ones); 16. Milk Chocolate; 17.
Dark chocolate; 18. White chocolate; and 19. Coffee.

The instrument of food consumption frequency
used was based on Sisvan, which according to the
Ministry of Health" is similar to versions used in re-
search for monitoring practices that pose a risk to
health, such as the North-American Youth Risk Be-
havior Survey - YRBS, carried out by the Center for
Disease Control and Prevention - CDC. Moreover, we
considered the questionnaire used in Vigitel (Vigi-
lance of Chronic Diseases through Phone Survey),
conducted by the Department of Health Vigilance of
the Ministry of Health in Brazil.

In this study, the frequency of food consumption
was categorized in 0-3 times per week and 4-7 times
per week; and the tables and images were divided
in plant-based, animal-based, and processed/home-
made food.

Statistical analysis

The variables analyzed in this study were: sys-
tolic blood pressure (SBP), diastolic blood pressure
(DBP), thickness of the intima-media thickness
(IMT), pulse wave velocity (PWV), Framingham risk
score, percentage of lean body mass (%LBM), per-
centage of body fat (%BF), percentage of total body
water (%TBW), total cholesterol (TC), low-density
lipoprotein (LDL), TC/HDL ratio, triglycerides (TG),
glucose (GL), measurement of glycated hemoglobin
(Glye-Hb), apolipoprotein B (ApoB), C-reactive pro-
tein (CRP).

The continuous variables are presented as Stan-
dard Deviation (SD) + Means. T-tests and chi-square
tests were used to test differences in numeric and
nominal variables.

All the calculations were made using the Stata
software, version 10.0.

TABLE 1. Mean values of cardiovascular risk factors, according to the

frequency of consumption of products of plant origin.

Frequency of consumption

Variable 0 to 3x/week 4 to 7x/week P value
Fruits
n=18 n=70
Diastolic blood pressure | 85.5 (+11.49) 78.40 (£9.63) 0.004
Glycaemia 102.94 (+20.33) | 97.90 (¢7.56) 0.049
PCR 456 (+9.55) 174 (£2.72) 0.016
Cereals
n=3 n=85
Total cholesterol 243,67 (¥37.81) | 189.60 (£38.42) | 0.009
LDL 163.00 (¥29.82) | 117.73 (¥ 3314) | 0.01
Percentage of lean mass | 71.80 (£7.92) 7894 (5.73) 0.019
Percentage of fat mass 28.20 (¢7.92) 2112 (¥5.97) 0.024
Percentage of water 51.88 (+5.99) 57.42 (£4.65) 0.024
Framingham score 8.33 (+6.81) 3.74 (x4.45) 0.043
Vegetables
n=22 n=66
Diastolic blood pressure 83.41 (x11.75) 78.67 (£9.68) 0.031
Total cholesterol/HDL | 4.83 (+1.45) 477 (£128) 0.021
Triglycerides 160.77 (£77.79) | 11715 (£63.73) | 0.005
Glycated haemoglobin 5,57 (x0.48) 5.39 (x0.34) 0.029
Percentage of lean mass | 76.76 (+6.26) 79.32 (+5.69) 0.041
Greens
n=20 n=68
Diastolic blood pressure 83.30 (£11.79) 78.84 (x9.79) 0.045
Total cholesterol/HDL | 4.88 (+1.42) 477 (£129) 0.019
LDL 4305 (£1047) | 4754 (£1037) | 0.046
Triglycerides 157.70 (£77.39) 119.34 (+65.33) | 0.014
Glycaemia 10310 (+1867) | 9763 (767) 0.028
Glycated haemoglobin 5.60 (+0.57) 5.39 (£0.33) 0.013
Percentage of fat mass 23.85 (+6.64) 20.66 (+5.84) 0.022
Percentage of water 55.48 (£3.48) 57.73 (£5.00) 0.035
Legumes
n=19 n=69
Total cholesterol/HDL 479 (¥1.54) 4.21(1.27) 0.046
LDL 13132 (+28.57) | 115.96 (+34.68) | 0.04
Oilseeds
n=54 n=34
Systolic blood pressure 126.37 (£15.12) 12115 (£10.87) | 0.042
Diastolic blood pressure | 81.57 (¥10.57) 7712 (¥9.57) 0.024
Total cholesterol 197.54 (¥35.94) | 181.76 (¥43.23) | 0.033
Total cholesterol/HDL 458 (£1.24) 3.94 (£1.42) 0.013
LDL 12411 (£29.73) | 110.79 (+38.58) | 0.031
Triglycerides 13867 (+65.43) | 111.21(¢73.82) | 0.035
Glycated haemoglobin 5.50 (x043) 5.33(x0.28) 0.021
IMT 662,04 (+114.88) | 572.35 (+98.35) | O
VOP 7,62 (+0.85) 7.04 (+0.75) 0
Framingham score 468 (£5.34) 2.65 (£2.58) 0.02
Soy and derivatives
n=73 n=15
Total cholesterol/HDL 4.48 (£1.35) 3.64 (£113) 0.013
LDL 122.04 (3+3.24) | 105.80 (+34.97) | 0.045
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RESULTS

In the present study, we analyzed 88 individuals,
with a mean age of 46.1 (+8.68). According the body
mass index, 54.5% (n=48) had adequate weight and
29.5% (n=26) presented risk of obesity. Regarding the
level of formal education, 47.7% (n=42) had higher ed-
ucation, and 33% secondary education. Most individ-
uals, 69.3% (n=61) had a high level of physical activity.

In Table 1, which shows the variables with plant-
based food, we can see that those who eat fruits 4-7
times a week have lower glucose, CRP, and DBP val-
ues. For grains, those who consume it more times
per week have lower values for LDL, TC, and Fram-
ingham risk score. Individuals who eat vegetables
more times per week have lower TG, glyc-Hb, TC/
HDL, DBP. Those who eat leafy greens more times
per week have lower values for DBP, TC/HDL, TG,
GL, glyc-Hb, and higher HDL for legumes, those who
consume them more times per week have lower TC/
HDL and LDL. As for oilseeds, those who consume
them more times per week have lower SBP, DBP, TC,

TABLE 2. Mean values of cardiovascular risk factors, according to

frequency of consumption of products of animal origin.

Frequency of consumption

Variable 0 to 3x/week | 4 to 7x/week P value
Dairy
n=36 n=52
HDL 4919 (¥11.35) | 44.67 (£9.56) 0.023
Triglycerides 109.86 (+63.41) | 140.65 (£71.62) | 0.02
Glycated haemoglobin 5.34 (+0.33) 5.51(x0.41) 0.02
Haemoglobin 15.89 (0.96) 15.45 (£0.95) 0.022
Framingham score 2.92(+3.89) 458 (£4.90) 0.046
Meats
n=50 n=38
Total Cholesterol/HDL | 3.98 (¢1.27) 4.80 (£1.31) 0.002
Triglycerides 114,66 (+71.06) | 14568 (+64.57) | 0.018
Glycaemia 95.71 (+7.36) 102.97 (+13.92) | 0.001
Glycated haemoglobin 5.34 (x0.28) 5.57 (x0.47) 0.002
Systolic blood pressure 120.28 (¥11.56) | 129.71 (¥14.81) 0
Diastolic blood pressure | 76.20 (£8.43) | 84.66 (10.83) |0
Percent of fat mass 19.73 (¥4.74) 23.61(£711) 0.001
Water percentage 5817 (£4.75) 55.95 (+4.57) 0.017
IMT 5960 (+97.10) | 668.55 (+128.52) | 0.001
VOP 7.21 (x0.85) 764 (£0.83) 0.009
Eggs
n=74 n=11
Percentage of fat mass 20.91(£5.76) 24.44 (+7.84) 0.037

TC/HDL, LDL, TG, Glyc-Hb, IMT, PWV, and Framing-
ham score. For soy, lower TC/HDL and LDL.

The group of individuals that indicated the highest
frequency of consumption of dairy products present-
ed lower values for HDL, and HB; and higher values
for TG, Glyc-Hb, and Framingham score. In the cate-
gory of greater frequency of consumption of meats,
we found higher values for TC/HDL, TG, GL, Glyc-
Hb, SBP, DBP, PWV, and IMT. It was not possible to
carry out the analysis of fish consumption for only
two men in the sample indicated a regular consump-
tion of the item from 4-7 times per week (Table 2).

For the consumption of sweets, higher TC/HDL,
TG, ApoB; and lower HDL. For fat, higher DBP, SBP,
TC, TC/HDL, TG, GL, Glyc-Hb, HB, Apo B, CRP. For
cold meats, higher GL and CRP. For sodas, higher
DBP, TC/HDL, LDL, TG, GL, Apo B, CRP, IMT. For
milk chocolate, higher SBP and Glyc-Hb. For white
chocolate, higher Glyc-Hb.

The pattern observed in most risk factors assessed
was of higher values for higher weekly consumption
of sweets, fats/fried foods, cold meats, sodas, white
and milk chocolate. There was no significant differ-
ence for coffee and dark chocolate (Table 3).

Regarding body composition, we found that those
who consume more grains more times per week
have lower %BF and higher %LBM and water; those
who eat vegetables more often have higher %LBM;
and those who consume more leafy greens have
lower %BF and higher %water (Figure 1). As for ani-
mal-based products, for a more often consumption
of meat we found a higher %BF and lower water; for
eggs, higher %BF (Figure 2). The group of individuals
the indicated a higher frequency for the consumption
of sweets presented higher %BF; for fats/fried food,
sodas, milk, and white chocolate, we found higher
%BF, and lower %LBM and water (Figure 3).

DISCUSSION/CONCLUSION

There are many clinical and epidemiological stud-
ies on the influence of diet energy and nutrients over
the health state and incidence of diseases. However,
individuals do not consume nutrients in isolation but
combined in the food that makes up their diet pat-
terns™. In the combination of macro and micronutri-
ents, antioxidants and bioactive substances present
in food can have a synergy effect in the organism,
with a different effect from isolated nutrients. In this
context, the present study on the influence of the
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TABLE 3. Mean values of cardiovascular risk factors, according to
frequency of consumption of sweets, fats and ultraprocessed foods.

Frequency of consumption

Variable 0 to 3x/weeks 4 to 7x/week P Value

Sweets

n=60 n=28
Total Cholesterol/HDL 413 (+1.20) 4.77 (¥1.54) 0.018
HDL 4827 (1076) | 42.79 (£9.04) 0.01
Triglycerides 11917 (£66.36) 14711 (£73.98) 0.039
Apob 0.91(x0.27) 1.03 (£0.29) 0.028
Percentage of fat mass 20.62 (+5.96) 23.00 (+6.28) 0.047

Fats/Fried

n=74 n=14
Systolic blood pressure 123.09 (¥13.39) | 131. 00 (+14.56) 0.024
Diastolic blood pressure 78.05 (+8.55) 89.36 (£13.95) 0
Total cholesterol 18766 (¥39.93) | 211.43 (+30.74) 0.019
Total Cholesterol/HDL 418 (x1.27) 513 (¥1.47) 0.007
Triglycerides 119.45 (£64.25) 173.57 (£81.62) 0.003
Glycaemia 97. 85 (£7.51) 104. 29 (+22.10) 0.024
Glycated haemoglobin 5.40 (x0.34) 5.61(x0.57) 0.031
Haemoglobin 15.53 (£0.97) 16.27 (x0.77) 0.01
Apob 0.92 (+0.28) 1.09 (+019) 0019
PCR 1.87 (¥2.79) 465 (+x10.81) 0.028
Percentage of lean mass | 79.16 (+5. 84) 75. 82 (¥5.74) 0.034
Percentage of fat mass 20.91 (£6.11) 2418 (£5.74) 0.043
Percentage of water 5765 (4.82) 54.62 (£3.69) 0.02

Sausages

n=76 n=1
Glycaemia 98. 05 (¢7.70) 104. 64 (+24.58) 0.034
PCR 193 (£2.79) 505 (+12.21) 0026

Soft Drinks

n=79 n=9
Diastolic blood pressure | 78.78 (£9.66) 89.22 (x12.30) 0.001
Total cholesterol/HDL 423 (x1.32) 5.24 (¥1.27) 0.016
LDL 11677 (£3343) | 14122 (#3155) | 0.019
Triglycerides 121.20 (66.14) | 188.22 (£75.01) 0.002
Glycaemia 9815 (£7.57) 105. 22 (x27.59) 0.037
Apob 0.92 (+0.27) 120 (£0.21) 0.001
PCR 1.84 (x2.74) 6.50 (£13.31) 0.003
Percentage of lean mass | 79.14 (+5.71) 74.32 (£6.33) 0.013
Percentage of fat mass 20.93 (+5.98) 25.67 (+6.33) 0.018
Percentage of water 57.57 (x4.72) 53.86 (x4.17) 0.017
IMT 618.26 (£114.05) | 707.50 (x115.97) | 0.014

Milk Chocolate

n=79 n=9
Systolic blood pressure 123.53 (+13.57) 131.56 (+14.61) 0.049
Glycated haemoglobin 5.4 (0.37) 5.72 (0.40) 0.009
Percentage of lean mass | 79.20 (+5.68) 74.38 (£6.40) 0.009
Percentage of fat mass 20.87 (¥5.95) 2561 (+6.39) 0.013
Percentage of water 57.62 (£4.70) 53.90 (+4.29) 0.013

White Chocolate

n=83 n=2
Glycated haemoglobin 5.42 (+0.38) 5.95 (x0.21) 0.029
Percentage of lean mass | 78. 92 (¢5.79) 69.35 (¥2.33) 0.011
Percentage of fat mass 2115 (£6.03) 30.60 (+2.40) 0.015
Percentage of water 57.38 (¥4.72) 50.69 (+0.37) 0.024

consumption of food groups over cardiovascular risk
factors can be considered promising.

This way, some studies have verified an associ-
ation between diet patterns and chronic diseases,
such as obesity?®, endothelial function, and inflam-
mation?, and some types of cancer, amongst them
oral?, gastric?®, and cerebral®.

In the present study, we found significant differ-
ences in the cardiovascular risk factors assessed ac-
cording to the frequency of consumption of specific
food items, with the exception of fish, coffee, and
dark chocolate. Some studies have investigated food
consumption and cardiovascular risk factors. Kerver
et al.? found that the food pattern named “Western,”
characterized by the high consumption of processed
meats, eggs, red meat, and dairy products with high
fat levels, is positively associated with serum levels
of insulin, C-peptide, and glycated hemoglobin. As
for the pattern know as “Healthy American” (high
amounts of leafy green vegetables, salad dressing,
tomatoes, and other vegetables, and tea), there was
no correlation found with the biomarkers analyzed.

In the study by Centritto et al.?6, three patterns of
diet were categorized. The “Olive Oil and Vegetables”
pattern, characterized by the high intake of olive oil,
vegetables, soup, fruit, and fish, was associated with
relatively low values of glucose, fats, CRP, arterial
pressure, and individual cardiovascular risk scores.
The “Meats and Pasta” pattern, characterized by a
high intake of pasta, tomato sauce, red meat, animal
fat, and alcohol, was positively associated with blood
glucose, fats, CRP, and cardiovascular risk scores.
The “Eggs and Sweets” pattern, characterized by
positive loads of eggs, processed meats, margarine,
butter, sugar, and sweets, was associated with high
CRP values.

There was also a study conducted with the Bra-
zilian population. Olinto et al.?’ classified the food
consumption into two patterns: the first one, the Av-
erage Brazilian, characterized by sugar, white bread,
coffee, margarine/butter, rice, and black beans. The
second, the Processed Food, was characterized by
red and processed meats, salty snacks, french fries,
beer, soda, and other processed food. The Average
Brazilian was inversely associated with values of
LDL, HDL, and total cholesterol in men. Amongst
women, they found tendencies of an inverse associa-
tion with SBP, DBP, LDL, HDL, and TC. The patter of
Processed Food was positively associated with values
of LDL, HDL, and TC amongst men. Amongst wom-
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FIGURE 1. MEAN VALUES OF BODY COMPOSITION ACCORDING TO THE FREQUENCY OF
CONSUMPTION OF PLANT-BASED FOOD.
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FIGURE 2. MEAN VALUES OF BODY COMPOSITION, ACCORDING TO FREQUENCY OF CONSUMPTION
OF PRODUCTS OF ANIMAL ORIGIN.
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FIGURE 3. MEAN VALUES OF BODY COMPOSITION, ACCORTDING TO FREQUENCY OF
ULTRAPROCESSED FOOD.
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en, the Processed Food pattern was not significantly
associated with cardiovascular risk factors.

In the clinical practice, the assessment of food
consumption has the purpose of helping with the de-
velopment and implementation of nutritional plan-
ning?®. There are several methods for assessing food
intake and nutrient consumption, and it is important
to choose the one that aims at promoting health, pre-
venting injuries, and adjusting the nutritional state
of the patient. In this sense, the method of food con-
sumption or food groups is the food frequency ques-
tionnaire (FFQ)?2.

The FFQ is considered to be the most practical
and informative method for assessment in studies
that investigate the connection between diet and clin-
ical outcomes, usually associated with CNCD?.

The fact that this is a cross-sectional study com-
promises its causality proof. In addition, there is a re-

stricted number of individuals. However, the sample
is highly homogenized in sex and age, and reproduc-
ible methods were used.

The present study was conducted with a sample
of apparently healthy men who make up a large por-
tion of the population and which is of great interest
in terms of prevention of chronic diseases since these
are associated with inadequate food consumption pa-
rameters.

CONCLUSION

In the present study, higher consumption of plant-
based food was less associated with cardiovascular
risk factors; the contrary was found for animal-based
food, sweets, fats, and ultra-processed food, with a
higher association to cardiovascular risk factors, the
higher the weekly frequency of their consumption.

OBJETIVO: Avaliar a frequéncia do consumo alimentar de individuos homens aparentemente sauddveis e a associacdo desta com fa-
tores de risco cardiovascular e biomarcadores de aterosclerose subclinica.

METODOS: Neste estudo observacional, 88 homens tiveram o padrdo alimentar obtido por meio do questiondrio de frequéncia alimen-
tar (QFA). Foram avaliadas as associagées dos padrées alimentares com os fatores de risco cardiovascular, como dados antropométri-
cos, avaliacdes laboratoriais e clinica, rigidez arterial determinada pela carétida-femoral (IMT) e velocidade da onda de pulso (VOP).

RESULTADOS: O padrdo observado para a maioria dos fatores de risco avaliados foi de valores mais altos, seqgundo maior frequéncia de
consumo semanal de ldcteos, carnes, doces, gorduras/frituras, embutidos, refrigerantes, chocolates ao leite e branco; e de menor fre-
quéncia de consumo semanal de frutas, cereais, legumes, verduras, leguminosas, oleaginosas e soja. Ndo houve diferenga significativa
para café e chocolate amargo.

CONCLUSOES: Uma dieta com alto consumo de produtos animais apresenta maior correlagdo com fatores de risco cardiovascular, sendo
0 oposto para o consumo de alimentos de origem vegetal, associado ao perfil de biomarcadores de satide cardiovascular mais favordvel

e melhores pardmetros bioquimicos e estruturais.

PALAVRAS-CHAVE: Aterosclerose. Consumo de alimentos. Andlise de onda de pulso. Rigidez vascular.
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SUMMARY

OBJECTIVE: Vitamin D deficiency is not only associated with bone metabolism but also with diabetes mellitus. We aimed to study the
possible association between serum vitamin D concentration and HbATc level in patients with type 2 diabetes mellitus (T2DM) in this
retrospective report.

METHODS: Patients with T2DM were enrolled to the study either in requlated or non-regulated T2DM groups, according to HbATc lev-
els. An HbATc level of <8% was considered as relatively controlled and others were considered as poorly controlled T2DM.

RESULTS: Serum vitamin D levels in poorly controlled T2DM subjects (9.4 (4.9-34) ng/ml) were significantly lower than that of the
relatively well requlated T2DM patients (13.5 (3.4-36) ng/ml) (p=0.03). Vitamin D was strongly and inversely correlated with HbATc
levels (r=-0.295, p=0.005).

CONCLUSION: Whatever the cause or result of the diabetes mellitus, it is clear that lower vitamin D is strongly associated with worse
diabetic regulation in T2DM subjects. Randomized controlled larger studies, which research the relation between diabetic regulation
and vitamin D status, are needed to claim whether it could be a therapeutic target in future in diabetic subjects.

KEY WORDS: Vitamin D. Type 2 diabetes mellitus. Glycated hemoglobin A.

INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a metabolic
disorder, which is caused by deterioration in secre-
tion or action of insulin. Prevalence of T2DM has
been reached nearly pandemic levels worldwide, in
parallel to the increase in obesity.

The role of vitamin D in many bodily functions has
been researched after discovery of vitamin D recep-
tors in pancreas and immune cells'. It has been re-

ported that subjects with insufficient vitamin D were
prone to develop type 2 diabetes mellitus?. Moreover,
impaired glucose tolerance has been shown to be me-
liorated in vitamin D deficient subjects after vitamin
D replacement 3.

Few studies analyzed the possible association
between vitamin D serum levels and glycated he-
moglobin (HbAlc) in patients with T2DM. Several
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DIABETIC REGULATION OF SUBJECTS WITH TYPE 2 DIABETES MELLITUS IS ASSOCIATED W

SERUM VITAMIN D LEVELS

of these reports found an association and others did
not. Indeed, vitamin D deficiency could be associated
with development of T2DM or diabetic control level.
Therefore, we planned a present retrospective study.

OBJECTIVE

In the present retrospective analysis, we aimed to
study the possible association between serum vita-
min D concentration and HbA1lc level in patients with
type 2 diabetes mellitus.

METHODS

Patients’ admissions to outpatient clinics of our
institution who have T2DM retrospectively investi-
gated from patient files and computerized database
between November 2016 and June 2017. Subjects
grouped either into regulated T2DM or into non-reg-
ulated T2DM groups, according to HbAlc levels. An
HbA1c level of <8% was considered as relatively con-
trolled and others were considered as uncontrolled
T2DM. Patients with active inflammation, infection,
malignancy or chronic kidney disease were exclud-
ed from the study. Patients receiving vitamin D sup-
plements were also excluded. Age, gender and other

general characteristics, such as height, weight, du-
ration of T2DM and waist circumference were re-
corded. A body mass index (BMI) was calculated by
dividing of the weight in kilograms to the square of
height in meters.

Vitamin D levels, serum urea, creatinine, fast-
ing plasma glucose, total, HDL and LDL cholester-
ol, triglyceride and albumin were obtained from the
same database and recorded. HbAlc levels were also
obtained and recorded from patient file system. Vi-
tamin D levels were detected by measuring serum
25-hydroxyvitamin D.

Data were analyzed by SPSS software. (SPSS 15.0;
IBM Inc., Chicago, IL, USA). Results expressed as mean
+ SD or median (minimum - maximum). Variables are
conducted with independent samples t test or Mann-
Whitney U test. Chi square test used in comparison of
categorical variables between study groups. A p value
of < 0.05 is considered as statistically significant. Pear-
son’s correlation analysis test used to reveal possible
correlation between vitamin D and HbA1c levels.

RESULTS

The study population was consisted of 89 diabetic
subjects; 47 in poorly controlled and 42 in relatively

TABLE 1. GENERAL CHARACTERISTICS AND LABORATORY DATA OF STUDY GROUPS

Poorly controlled T2DM Well-controlled T2DM p

Gender Women (n) 30 20 012
Men (n) 17 22

Median (Min.-Max.)
Age (years) 61(40-80) 56.5 (29-86) 049
Duration of T2DM (years) 10 (1-30) 45 (1-20) 0.02
Height (m) 162 (1.54-1.83) 1.65 (1.45-1.82) 0.40
Weight (kg) 82 (60-137) 80 (56-120) 0.40
Waist circumference (cm) 104 (80-141) 100 (75-141) 0.33
Body mass index (kg/m?) 311 (22.6-52.2) 29.7 (20.6-46.9) 0.22
Fasting plasma glucose (mg/dl) 209 (89-422) 126 (78-294) <0.001
HbATC (%) 97 (8-16.6) 69 (54-77) <0.001
Vitamin D (ng/ml) 9.4 (4.9-34) 13.5 (3.4-36) 0.03
Blood urea (mg/dl) 30 (14-79) 30 (17-62) 0.62
Plasma creatinine (mg/dl) 0.83 (0.6-1.1) 0.79 (0.56-1.1) 0.26
Na (mmol/l) 138 (134-145) 139 (129-145) 0.24
K (mmol/l) 45(3.6-5.3) 4.4 (3-54) 012
Triglyceride (mg/dl) 182 (65-841) 149 (69-850) 0.03
Serum albumin (g/dl) 4.2 (2.5-4.8) 43(3.5-4.8) 017

Mean + Standard Deviation
Total cholesterol (mg/dl) 194 £ 51 188 + 46 0.53
HDL cholesterol (mg/dl) 46 £10 45+10 0.53
LDL cholesterol (mg/dl) 127 £ 31 112+36 0.04
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well-controlled diabetes mellitus groups. Median age
of poorly and well-regulated T2DM group was 61 (40-
80) years and 56.5 (29-86) years, respectively. Age
difference was not statistically significant (p=0.49).

Twenty of 42 subjects in relatively well-controlled
T2DM group and 30 of 47 in poorly controlled T2DM
group were women. Gender was not statistically dif-
ferent between study groups (p=0.12).

Fasting plasma glucose levels of poorly controlled
and well-controlled diabetic subjects were 209 (89-
422) mg/dl and 126 (78-294) mg/dl, respectively. The
difference was statistically significant, as expected
(p<0.001). Similarly, HbAlc of poorly controlled di-
abetics (9.7 [8-16.6] %) was significantly higher than
that of the relatively well-controlled diabetic subjects
(6.9 [5.4-7.7] %), again expectedly (p<0.001). General
characteristics and laboratory data of study popula-
tion were expressed in table 1.

Body mass index (p=0.22), waist circumference
(p=0.33), blood urea (p=0.62) and creatinine (p=0.26),
total (p=0.53) and HDL (p=0.53) cholesterol, plasma
sodium (p=0.24) and potassium (p=0.12) concentra-
tions, and serum albumin levels (p=0.17) were not
significantly different between study groups.

Serum LDL (p=0.04) and triglyceride (p=0.03) were
significantly higher in poorly controlled compared to

well-controlled diabetic subjects. Duration of T2DM
was significantly longer in poorly regulated compared
to relatively well-regulated T2DM group (p=0.02).
Vitamin D serum levels in poorly and well-regu-
lated T2DM groups were 9.4 (4.9-34) ng/ml and 13.5
(3.4-36) ng/ml, respectively. The difference between
study groups was statistically significant (p=0.03).
Pearson correlation analysis revealed that serum
vitamin D was strongly and inversely correlated with
HbAlc levels (r=-0.295, p=0.005). Figure 1 shows the
correlation between vitamin D and HbAlc (figure 1).

DISCUSSION

The main finding of the present study is that vita-
min D levels were negatively and strongly correlated
with HbAlc levels in patients with T2DM. HbA1c re-
flects blood glucose of the last 3 months and is con-
sidered as a marker of diabetic regulation. This nega-
tive correlation could be the consequence of vitamin
D being a metabolic biomarker besides its action in
bone and calcium metabolism.

Hypovitaminosis of vitamin D have negative ef-
fects on both calcium and bone metabolism and di-
abetes mellitus®. Besides its crucial role in calcium
and bone metabolism, recent discoveries showed

FIGURE 1. CORRELATION BETWEEN VITAMIN D AND HBATC IN STUDY COHORT
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that vitamin D also has important bodily functions.
Target tissues of vitamin D include immune cells,
heart, stomach, liver, brain, skin, pancreas, thyroid,
parathyroid and adrenal glands®. Therefore, it is sup-
posed that vitamin D may have inflammatory and im-
munologic effects. On the other hand, low serum vi-
tamin D is a risk factor not only for diabetes mellitus
but also for metabolic syndrome?. Another clue of as-
sociation between T2DM and vitamin D insufficiency
could be that obesity increases the incidence of both
metabolic syndrome, T2DM and hypovitaminosis D®.

Chiu et al suggested that lower vitamin D status
was a risk factor for development of T2DM 7. In an-
other study, researchers found that vitamin D was
more effective than metformin in ameliorating insu-
lin resistance in subjects with metabolic syndrome?.
Similar results have been reported in literature. Sub-
jects with T2DM had reduced serum vitamin levels
compared to healthy population in a study by Scragg
et al.%. Authors found negative correlations between
serum vitamin D and insulin secretion °, and between
vitamin D level and prevalence of diabetes .

Results of the studies about the effects of vitamin
D in human are conflicting. Repletion of vitamin D
in deficient patients caused an increase in insulin
production and secretion in T2DM patients™". Despite
oral vitamin D increased the insulin secretion follow-
ing oral glucose intake in healthy subjects, its effect
was neutral in patients with T2DM 2. Moreover, de-
terioration of glycemic control and insulin sensitivity
in response to oral vitamin D has been reported in
literature™.

We will discuss the possible reasons of the nega-
tive correlation between HbAlc and serum vitamin D.
Insulin secretion of pancreatic beta cells reduced the
vitamin D deficiency. In other words, insulin secretion
and normal glucose tolerance is ensured by sufficient
amount of vitamin D. Animal studies suggested that

vitamin D deficiency lead to both glucose intolerance
and even resistance to exogenous insulin®. Interest-
ingly, pancreatic insulin secretion increases after vi-
tamin D treatment™". However, a recent randomized
controlled trial revealed that vitamin D supplementa-
tion was failed to alter HbAlc levels in patients with
type 2 diabetes mellitus "®". Negative correlation be-
tween vitamin D and HbAlc levels in this study may
support other studies that found association between
T2DM and vitamin D status.

Lower vitamin D levels in patients with poor dia-
betic control compared to better-controlled subjects
should be well examined. There are studies that re-
ported vitamin D insufficiency was not the cause but
the result of diabetes mellitus. Insulin stimulates
production of vitamin D, thus, insulin deficiency or
inefficacy as seen in diabetes mellitus may result in
a decrease in vitamin D levels®.

Retrospective design and small study population
are two main limitations of the present report. Nev-
ertheless, the striking negative correlation between
serum vitamin D and HbAlc make its results very
important.

CONCLUSION

Either the cause or result, it is clear that lower
vitamin D is strongly associated with worse diabetic
regulation in T2DM subjects. Randomized controlled
larger studies that research the relation between di-
abetic regulation and vitamin D status are needed to
claim whether it could be a therapeutic target in fu-
ture in diabetic subjects.
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CONTEXTO E OBJETIVO: A deficiéncia de vitamina D ndo é apenas associada ao metabolismo ésseo, mas também ao diabetes mellitus.
Procurou-se estudar a possivel associagdo entre os niveis de concentrag¢do do soro de vitamina D e de HbATc em pacientes com dia-

betes mellitus tipo 2 neste relatério retrospectivo.

METODOS: Os pacientes com diabetes mellitus tipo 2 foram inscritos no estudo em regulada ou ndo regulada de acordo com os grupos
de niveis de HbATc DM2. HbATc nivel de <8% caracterizava DM2 controlada e HbATc > 8% DM?2 descontrolada.

RESULTADOS: Os niveis de vitamina D no soro em individuos com DM?2 mal requlados (9,4 (4,9 a 34) ng/ml) foram significativamente
menores do que o do bem regulado em doentes DM2 (13,5 (3,4-36) ng/ml) (p = 0,03). A vitamina D foi forte e inversamente correlacio-

nada com os niveis de HbATc (p = 0,005).
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CONCLUSAO: Seja qual for a causa ou o resultado do diabetes mellitus, é claro que niveis baixos de vitamina D sdo fortemente associa-
dos com pior regulagdo em individuos diabéticos com DM2. Maiores estudos randomizados e controlados que pesquisam a relagdo
entre o status de vitamina D e a regulacdo em diabéticos sdo necessdrios para molusco se é, no futuro, poderia ser um alvo terapéutico
em individuos diabéticos.

PALAVRAS-CHAVE: Vitamina D. Diabetes mellitus tipo 2. Hemoglobina A glicada.
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SUMMARY

Diabetes is one of the most common chronic pathologies around the world, involving treatment with general clinicians, endocrinolo-
gists, cardiologists, ophthalmologists, nephrologists and a multidisciplinary team. Patients with type 2 Diabetes Mellitus (T2DM) can
be affected by cardiac autonomic neuropathy, leading to increased mortality and morbidity. In this review, we will present current con-
cepts, clinical features, diagnosis, prognosis, and possible treatment. New drugs recently developed to reduce glycemic level presented
a pleiotropic effect of reducing sudden death, suggesting a potential use in patients at risk.

KEYWORDS: Diabetes mellitus. Diabetic Neuropathies. Death, sudden.

INTRODUCTION

Type 2 diabetes mellitus (DM2) has high morbid-
ity and mortality and great socioeconomic impact,
having affected 150 million individuals in the year
2000, with an expectancy of affecting 336 million by
2030". The diabetic neuropathy, including the cardio-
vascular autonomic neuropathy (CAN), is a common
complication of type 1 and 2 diabetes that leads to
high mortality and morbidity?.

Patients with a CAN diagnosis have an increased
risk of cardiovascular mortality due to acute myo-
cardial infarction and sudden death.* Although
CAN is an important milestone in the history of
a DM2 patient and its screening is recommended
by the American Diabetes Association (ADA)?, its
present presents high variability in studies. The val-
ues found were close to 2.5% in the Diabetes Con-
trol and Complications Trial (DCCT)? in the Oxford

Community Diabetes Study®, the prevalence of ab-
normal results for anatomic tests was of 20.9% in
DM1 patients and 5.8% in DM2 patients. In the Di-
aCANT7 study, the CAN prevalence was of 16.8% in
647 DM1 patients and 22.1% in 524 DM2 patients.
Despite the high heterogeneity in the epidemiologi-
cal findings, it is known that the prevalence of CAN
increases with age, duration of diabetes, and inad-
equate blood glucose control, and the presence of
hepatic steatosis in patients with a DM2 diagnosis
of less than a year showed a strong correlation with
anatomic lesions®. The late stages of CAN are asso-
ciated to considerable morbidity and an increase in
mortality, related to postural hypotension, exercise
intolerance, increase in the intraoperative instabili-
ty, the incidence of silent myocardial infarction and

sudden death®.
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PATHOGENESIS

The autonomic innervation is the primary pro-
cess in charge of controlling rate and performance.
It must be capable of changing the rate in response
to changes in the microenvironment. In the presence
of sustained hyperglycemia, a neuropathic dysfunc-
tion sets in, affecting, firstly, the major and distal
nerves and, secondly, the proximal nerves. The va-
gus nerve is the primary mechanism responsible for
75% of all parasympathetic activity, and it is the most
frequently damaged. Thus, the initial manifestations
of CAN involve a parasympathetic dysfunction, with
an anomalous predominance of the sympathetic sys-
tem®.

The precise mechanisms of cardiovascular au-
tonomic dysfunction are not yet well understood.
Hyperglycemia increases protein glycosylation and
causes a gradual increase in the advanced glycation
end-products (AGESs) in the tissues. The connection
of the AGEs with their receptors (Rage) creates a
chronic cascade of inflammation and tissue injury,
destroying the mechanisms for autonomic control.
In parallel, the neural cardiovascular autonomic dys-
function perpetrates the myocardial inflammation
and makes the tissue more excitable, thus stimulat-
ing the microvascular endothelial dysfunction and

interstitial fibrosis™™.

DIAGNOSIS
Heart Rate Variability (HRV)

The earliest sign for a CAN diagnosis is the reduc-
tion of HRV. The heterogeneity with each heartbeat
is regulated by a balance between the sympathetic
and parasympathetic activities in response to a bas-
al metabolic rate. In healthy individuals, the HRV is
high. The reduction of HRV is linked to the severity
and duration of the DM2%.

For a diagnosis, the American Diabetes Associ-
ation (ADA) task force recommends the analysis of
HRV from the 24-hour Holter results™. The HRV in-
dicators are: RR intervals; standard deviations of all
normal RR (SDNN) during the recording; square root
of the average square of the differences between con-
secutive RR intervals (RMSSD); and the percentage
of NN intervals with a difference of over 50 millisec-
onds in relation to the previous interval (pNN50).
The RMSSD and the pNN50 are associated with a
high-frequency potency (0.15-0.4 Hz) and, thus, to
the parasympathetic activity, while the SDNN is cor-

related to a low-frequency potency (0.04-0.15 Hz),
reflecting the baroreceptor activity, an index of sym-
pathetic and parasympathetic activities®™.

The CAN diagnosis using the 24-hour Holter re-
quires an abnormal result in at least two of the fol-
lowing six parameters: SDNN < 50 ms, RMSSD < 15
ms, PNN50 < 0.75%, LF < 300 ms?, HF < 300 ms?"516,

Ewing Test

This is the most classic and cheapest method of
diagnosis, with a high reproducibility®. The CAN
must be assessed by five standardized tests — three
of them for a parasympathetic evaluation: responses
of the heart rate to deep breathing (E/I ratio), to the
orthostatic position (30s/15s ratio), and the Valsalva
maneuver. The other two tests evaluate the sympa-
thetic function: responses to arterial pressure when
rising and handgrip. The results for each test must
be O if standard; 0.5 if borderline; 1 if abnormal. A
score > 2 classifies the patient as CAN +7.

Heart Rate Turbulence (HRT)

The Heart Rate Turbulence is a method first de-
scribed by Schmidt et al.™, in 1999. It consists of two
analysis: the beginning of the turbulence (TI) and
the turbulence slop (ST), both extracted from the 24-
hour Holter records. It reflects the fluctuations of
the rearranging sinus cycle after a single ventricular
ectopic beat (VBP)®. The Tl indicates the initial accel-
eration of the sinus rhythm, while the ST reflects the
late deceleration stage of the sinus rhythm. When
the TI is greater than O or the ST lower than 2.5 ms/
RR, the diagnosis is of CAN +'. The TFC is a phenom-
enon present in low-risk patients of ischemic heart
disease. The absence of this phenomenon indicates a
significantly increased risk of sudden death.

CLINICAL CHARACTERISTICS
Exercise Intolerance

The autonomic dysfunction can also lead to exer-
cise intolerance with a disproportionate increase in
heart rate and arterial pressure during exercise, a
reduction of the systolic volume, and slow recovery.

A late finding is a tachycardia at rest: A heart rate
of approximately 100 beats per minute per minute
(bpm) or more reflects a relative increase in the sym-
pathetic tone, associated, to parasympathetic vagus
damage. However, confounding factors, such as ane-
mia, dehydration, and hyperthyroidism, must be
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ruled out. A fixed heart rate that does not respond to
exercises of moderate intensity, stress, or sleepiness
indicates an almost total cardiac denervation and is

an indicator of severe CAN'20,

Postural Hypertension

Some DM2 patients might present orthostatic
hypotension, i.e., a reduction of over 20 mmHg in
systolic arterial pressure and 10 mmHg in diastolic
arterial pressure when rising. This finding occurs
due to sympathetic vasomotor denervation, causing
a reduction of the vasoconstriction capacity in the
peripheral vascular beds. The symptoms associated
with orthostatic hypotension include visual darken-
ing, weakness, and, in more severe cases, syncope
when rising. These events may be aggravated by sev-
eral medications, such as diuretics, vasodilators, and
tricyclic antidepressants™".

Healthy individual present a reduction of the arte-
rial pressure during sleep. CAN patients can present,
in the 24-hour map, a low decrease of the nocturnal
arterial pressure (lower than 10%), contributing to
left ventricular hypertrophy a fatal and non-fatal car-
diac events®'.

Imaging Exam

The MIBG (metaiodobenzylguanidine) is a
non-metabolized marker, analogous of the norepi-
nephrine, useful for the assessment of post-gan-
glionic neural fibers. Several studies have shown a
decrease in the MIBG uptake in CAN patients. Some
studies have shown a higher sensitivity of MIBG
when compared with autonomic tests?2. When CAN
is present, the MIBG scintigraphy shows a lower up-
take, especially in posterior and inferior segments
of the left ventricle, up to the total absence of MIBG
capitation in the advanced CAN.

PROGNOSIS

A meta-analysis with over 2,900 patients showed
that mortality for a period of up to ten years was of
30.4% in diabetic patients with CAN, detected through
the reduction of HRV, and 13.4% in those with no signs
of CAN through HRV'. Whitsel et al.® demonstrated
that patients with a CAN diagnosis presented a signif-
icant risk of prolonged QT intervals, which are associ-
ated with sudden deaths. This meta-analysis showed
2.3 times increase in the risk of prolonged QT interval
in patients with diabetes and CAN.

Another publication of the Diad study showed
that the CAN is an important predictor for silent
myocardial ischemia, which was found in 22% of the
asymptomatic DM2 patients. In addition, during ex-
ercise, diabetes patients with CAN presented a delay
in the angina pain, even though the ischemic process
was already underway, with a predisposition for pro-
longed ischemia?®.

Some trials have suggested that sudden death is
the second or first most common cause of death for
DM2 patients. As an example, we can mention the
subanalysis of the Tecos study, which showed that
sudden death was the primary cause of death of car-
diovascular origin (27%), followed by AMI/CVA (21%),
and heart failure (12%)?. In the Empa-REG study, sud-
den death was also the leading cause of death with a
cardiovascular origin (29.9%)?. In the Savor-Timi 53
study, 45% of deaths due to cardiovascular origins
were sudden deaths®. Thus, CAN must be actively
investigated in DM2 patients.

CLASSIFICATION

The Ewing tests are the golden standard for CAN
diagnosis. The reference values change according
to age. A single test with alterations already raises
the possibility of CAN. Two or more tests with alter-
ations are a definite indicator of CAN. CAN present
only after a HRV assessment is named as subclinical,
while the presence of orthostatic hypotension im-
plies severe CAN®.

TREATMENT

The best chance for intervention and changes of
prognostics for a CAN patient is the early diagnosis.
The treatment is based on non-pharmacological treat-
ments that include weight loss and improvements
to insulin resistance, since both are associated with
sympathetic hyperactivity, and exercises must be of
low to moderate intensity*®. Pharmacological mea-
sures, such as ACE inhibitors and beta-blockers, can
contribute to the attenuation of CAN symptoms*>'.
Therapies whose focus is, exclusively, the action of
the sympathetic nervous system still require further
studies, such as (i) hyperstimulation of the vagus
nerve; (ii) renal sympathetic ablation; (iii) resection
of the carotid body; and (iv) electrical stimulation of
the baroreceptor.

Two classes of drugs for DM2 treatment, iSGLT2,
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and aGLP-1, have shown a reduction in mortality
due to cardiovascular disease using mechanisms
not often linked to coronary artery disease. In a
non-pre-specified analysis of the Empa-REGZ, it was
suggested that: among patients included in the study
who suffered a fatal cardiovascular event, 137 (5.3%)
were in the placebo group, while 90 (3.8%) were be-
ing treated with 10 mg/d empagliflozin and 82 (3.5%)
with 25 mg/d empagliflozin. Sudden death was the
cause of death for 38 patients in the placebo group, 30
in the 10 mg/d empagliflozin group, and 23 in the 25
mg/d empagliflozin group. Thus, sudden death was
the cause for 1.6% of all deaths in the placebo group,
against 1.1% in the group treated with empagliflozin,
which represented a reduction of 31.25% in deaths
by sudden death in the empagliflozin group. Studies
using animals have demonstrated the action of the
iSGLT2 in reducing the sympathetic hyperactivity.
In another sub analysis also not pre-specified in

the Leader® study, 278 patients progressed to death
in the placebo group, against 219 patients in the
treated group. Of these, sudden death was the cause
of death for 74 (1.6%) of patients in the placebo group,
against 51 (1,1%) in the liraglutide group, represent-
ing a 31.25% reduction in deaths by sudden death.

Thus, these two classes of drugs, iSGLT2 and
aGLP1, are found to be possible attenuators of sud-
den death, perhaps due to their, at least partial, im-
pact on the autonomic nervous system.

CONCLUSION

CAN is a frequent and important diagnosis
achieved through the screening test recommend-
ed by the ADA. Due to its prognostic importance in
DM2, the risk of sudden death and myocardial in-
farction and the possibility of treatment must not be
neglected.

Diabetes é uma das mais frequentes patologias crénicas em todo o mundo, cujo tratamento envolve uma equipe multidisciplinar,
médicos generalistas, endocrinologistas, cardiologistas, nefrologistas e oftalmologistas. Pacientes com diabetes mellitus tipo 2 (DMT2)
podem apresentar neuropatia autonémica cardiaca (NAC), levando a aumento de mortalidade e morbidade. Nesta revisdo, apre-
sentaremos atuais conceitos, caracteristicas clinicas, diagndstico, prognéstico e possiveis tratamentos. Novas drogas recentemente
desenvolvidas para redugdo de niveis glicémicos apresentaram efeito pleiotrépico de redugdo de morte subita, sugerindo um potencial

uso neste perfil de pacientes.

PALAVRAS-CHAVE: Diabetes mellitus. Neuropatias diabéticas. Morte stbita.
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SUMMARY

Although long ago described, there is no established consensus regarding the real existence of Diabetic Cardiomyopathy (CMPDM).
Due to its complex pathophysiology, it has been difficult for clinical and experimental research to establish clear connections between
diabetes mellitus (DM) and heart failure (HF), as well as to solve the mechanisms of the underlying myocardial disease. However, the
epidemiological evidence of the relationship of these conditions is undisputed. The interest in understanding this disease has intensified
due to the recent results of clinical trials evaluating new glucose-lowering drugs, such as sodium-glucose transporter inhibitors 2, which
demonstrated favorable responses considering the prevention and treatment of HF in patients with DM. In this review we cover aspects
of the epidemiology of CMPDM and its possible pathogenic mechanisms, as well as, present the main cardiac phenotypes of CMPDM

(HF with preserved and reduced ejection fraction) and implications of the therapeutic management of this disease.

KEYWORDS: Diabetes mellitus. Cardiomyopathies. Hypoglycemic agents. Heart failure.

INTRODUCTION

The diagnosis of diabetic cardiomyopathy re-
quires the association of altered glucose metabolism
and exclusion of coronary, valvular, hypertensive,
congenital, viral, toxic, familial or infiltrative arterial
diseases. This is unquestionable from the theoretical
point of view and, despite the difficulty in demon-
strating in practice, the diagnosis may be more com-
mon than one might suppose. The observation that
there is an association of diabetes mellitus (DM)
and heart failure dates back 64 years. In the 1950s,
Lundbaek hypothesized a diabetic cardiomyopathy
(MCPDM) and, in 1969, published the first descrip-
tion of the disease. Curiously, until today there are
doubts as to their actual occurrence and circum-
stances that may trigger it. In this narrative review,

we present the current evidence of MCPDM, the pos-
sible pathogenic mechanisms, the cardiac phenotype
of the disease, as well as possible ways of treating
and not treating this condition.

EVIDENCE OF THE RELATIONSHIP BETWEEN
DIABETES MELLITUS AND HEART FAILURE

The diagnosis of heart failure (HF) occurs more
frequently in patients with diabetes mellitus (DM)*3
and, when it occurs, is associated with worse clinical
outcomes than in non-diabetic patients with HF?®.
Among patients with type 2 DM, the prevalence of
HF ranges from 19% to 26%** and the incidence is
also high regardless of other comorbidities, as al-
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ready demonstrated by the Framingham study’. Dia-
betic men aged 45-74 years had more than double the
risk of developing HF than their non-diabetic peers
during follow-up of up to 18 years old. And that risk
seems to be even greater in women. Diabetic women
are up to 5 times greater risk than patients who do
not have DM. In heart failure cohorts, there is also
a higher prevalence of patients with type 2 DM, of
about 28%, whether HF with ejection fraction (FE)
preserved (HFEFp), or reduced (HFEFp)®. And the
presence of DM implies a worse prognosis, leading
to higher cardiovascular mortality (CV) and hospital-
izations due to HF [risk ratio for HFEFp: 2.0 (1.70-
2.36); and for HFEFp:1.60 (1.44-1.77); p-value for in-
teraction: 0.0009]. There is, however, disagreement
as to whether this worse prognosis would be associ-
ated with the occurrence of ischemic coronary artery
disease®.

Previous studies have shown a clear ratio be-
tween glycemic control and the incidence of heart
failure. Elevations of 1% in HbAlc values are related
to an 8% increase in the incidence of HF®. Converse-
ly, in the UKPS study, the researchers demonstrat-
ed that for each 1% reduction in HbAlc there would
be a 16% decrease in the risk of initiation of HF®.
This bidirectional ratio occurs independently of
blood pressure, body mass index, age or presence
of coronary artery disease. However, the ratio is not
exactly linear. Apparently, using the HbAlc cohort
of 7.0 mg/dl there is a divergence of studies regard-
ing the pattern of the glycemia ratio with the mor-
tality of patients with HF that may be: “U” pattern™
— in which there is an increase in mortality above
and below this cohort; “J” pattern - in which there
is a disproportionately greater increase for HbAlc
levels above this cohort"; and inverse pattern - in
which mortality is higher for patients with HbAlc
below the cohort mentioned™. This ratio between
glycemia and HF, as well as mortality in the HF pa-
tient, even with divergent patterns between studies,
makes clear the link between DM and HF. However,
these data do not allow us to distinguish whether
glycemia and insulin resistance are only markers of
severity or whether they actually contribute to the
pathophysiology of HF. The concomitance of other
CV risk factors and the complex pathophysiology of
type 2 DM make it even more difficult to establish a
clear and direct ratio between pathogens and cardi-
ac and/or cardiovascular phenotypes of the diabetic
patient.

POSSIBLE MECHANISMS

The impact of DM on the heart occurs by local-
ly diverse pathways on the microcirculation and re-
laxation function of the sarcomere, and systemical-
ly by peripheral vascular disease, activation of the
renin-angiotensin-aldosterone system (RAAS) and
autonomic neuropathy. These mechanisms are es-
tablished as a consequence of an exacerbated inflam-
matory state, endothelial lesion and perfusion abnor-
malities, together with unbalanced oxidative stress.

Hyperglycemia

Experimentally, endothelial cell mitochondria ex-
posed to hyperglycemia may be injured or increase
the production of reactive species of O2. Ultimately,
this leads to dysfunction of nitric oxide synthases
(NO), NO bioavailability, and consequently reduction
of the production of the intracellular cyclic guano-
sine monophosphate (GMPc)®. Due to the decrease
in intracellular kinase G (PKG) protein, there is loss
of myocardial distensibility™ mediated by hypophos-
phorylation of the sarcomeric titin protein®™. In hu-
mans, similar results were observed in cardiomyo-
cytes of patients with aortic stenosis and DM who
showed improvement in stiffness when submitted to
PKG administration™. Hyperglycaemia also results
in elevation of kinase C protein (PKC) in fibroblasts,
which in turn increase collagen production and depo-
sition'®".

Another route of action of hyperglycemia on
cardiac function occurs by glucose metabolites. A
B-N-acetylglucosamine (O-G1cNAc) can bind to a
myriad of proteins (on serine or threonine residues),
compete for phosphorylation of molecules, and alter
physiological functions™. A pivotal example is the
modification of kinase II proteins dependent on Ca2
+/calmodulin, phospholamban and myofilaments.
This effect reduces contractility and relaxation of the
myocardium™. Mitochondrial proteins are also sus-
ceptible to modification by O-GlcNAc with impair-
ment to cardiac function.

Insulin/hyperinsulinemia resistance

Potential mediators of the risk of HF in patients
with type 2 DM are insulin and hyperinsulinemia re-
sistance, particularly in the obese patient. The preva-
lence of obesity per se increases circulating levels of
glucose and free fatty acids. In addition, insulin resis-
tance and obesity are responsible for a constellation
of signaling disorders, leading to a systemic inflam-
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matory state that results in the production of reactive
species of O? and decrease in the bioavailability of NO.
Insulin resistance induces myocardial energy imbal-
ance by increasing the use of less efficient sources to
the detriment of glucose use, and this culminates with
lower production of adenosine triphosphate (ATP)?%?.
Hyperinsulinemia, in turn, activates certain pathways,
such as PI3K/Akt, which is involved in hypertrophy of
cardiomyocytes. This same pathway also induces the
expression of a more rigid molecule of the sarcomeric
titin protein, reducing cardiac distensibility .

Inflexibility of power supply

Diabetic patients with coronary heart disease and
those with HF may already have reduced glucose utili-
zation capacity compared to non-diabetic HF patients,
despite having a similar concentration of glucose
transporters (GLUT-4) in myocardial biopsies. This
theory suggests that insulin resistance would limit the
ability of the DM patient’s myocardium to withstand
ischemia and, thus, suffer worse CV outcomes®. Stud-
ies using hyperinsulinemic/euglycemic clamp demon-
strate that elevated insulin levels increase heart rate,
blood pressure and myocardial oxygen consumption
(assessed by extraction of Fluordeoxyglucose®™) in
diabetic patients or not. The presence of insulin re-
duces the availability of non-esterified fatty acids and
suppresses oxidation of fatty acids. However, the oxi-
dation of fatty acids by the myocardium is increased.
Under these conditions, there is a reduction in myo-
cardial work efficiency, possibly due to the change in
the energy substrate (from glucose to fatty acid), since
the fatty acid metabolism consumes a greater amount
of oxygen?. In diabetic patients, the rapid and drastic
reduction of free fatty acids by medication interven-
tion leads to a sudden decrease in cardiac function,
corroborating this hypothesis. Cardiac function de-
pendent on a single energy source would be complete-
ly dependent on its availability.?®

Lipotoxicity

The uptake of cardiac free fatty acids exceeds the
oxidation capacity of these molecules. This leads to
accumulation of triglycerides, cardiac steatosis and
eventually death of cardiomyocytes, causing LV sys-
tolic dysfunction. This process has been demonstrat-
ed in animals and is called lipotoxicity. The change
in energetic substrate, due to the reduction of insu-
lin-mediated glucose uptake, also leads to diastolic
dysfunction ?6. Generation of lipid intermediates,

1#, may be toxic to microcircu-

such as diacid-glycero
lation, by effect on NO synthases and reduction of
myocyte distensibility, as described above. Cardiac
steatosis has also been associated with diastolic dys-

function in diabetic patients?.

Deposition of advanced glycation end prod-

ucts (AGEs)

AGEs are found in smooth muscle cells of the
myocardial microcirculation®, as well as, in the ex-
tracellular matrix, between cardiomyocytes®. AGEs
promote inflammation, extinguishing much of the
NO produced locally. This would lead to a reduction
in perfusion of the microcirculation at rest, but also
of the coronary reserve during flow hyperemia. In
addition, they trigger the production of reactive 02
species via NADPH oxidase, which may result in the
activation of cellular apoptosis pathways and, there-
fore, systolic dysfunction®.

Microvascular Rarefaction

One of the most striking pathophysiological fea-
tures of MCPDM is the reduction of microvascular
myocardial perfusion and coronary flow reserve®.
This parameter is due to the action of AGEs in the
microcirculation, but also due to rarefaction of capil-
laries and reduced luminal area/myocardial tissue ra-
tio. Cardiomyocyte hypertrophy contributes to this
result, raising the denominator of this ratio®. Cap-
illary rarefaction per se reduces the bioavailability of
NO to surrounding myocytes. Another result of this
process is the relative tissue hypoxia associated with
the production of reactive species of 0? and, finally,
cell death and systolic dysfunction.

Inflammatory/autoimmune Response

Cardiac antimyosin autoantibodies were identi-
fied in type 1 diabetic patients after myocardial in-
farction and non-diabetic patients with autoimmune
myocarditis. Diabetic patients, in general, present
release of troponins that are related to HFEFr with
dilatation of cardiac chambers. These findings may
indicate that an autoimmune mechanism triggered
by exposure to plasma troponin exists in the patho-
physiology MCPDM with HFEFr®,

Autonomic neuropathy and renin-angioten-

sin-aldosterone system (RAAS)

Altered glucose metabolism and insulin resis-
tance stimulate an excessive sympathetic activity

63

REV ASSOC MED BRAS 2019; 65(1):61-69



DIABETIC CARDIOMYO OR FACTOID?

ATHY: FACTUAL

BOARD 1. PATHOPHYSIOLOGICAL AND PATHOGENIC
MECHANISMS OF DIABETIC CARDIOMYOPATHY

Hyperglycemia - Insulin/hyperinsulinemia resistance
Cardiac insulin resistance and metabolic abnormalities (lipotoxicity)

Mitochondrial Inflammation Autonomic
dysfunction (autoimmune neuropathy
response)
Activation of RAAS Microvascular AGEs

dysfunction
Microcirculation
Rarefaction

ER stress and cell
death

Inappropriate use of Oxidative stress

mitochondrial Ca2+

Myocardial rigidity - Hypertrophy/Apoptosis - Interstitial fibrosis

Left ventricular diastolic/systolic dysfunction

RAAS: Renin-angiotensin-aldosterone system, AGE: advanced glycation end prod-
ucts; ER: endoplasmic reticulum

that is related to hypertrophy and cardiac fibrosis.
In the long term, cardiac sympathetic denervation
occurs, a fact that impairs B-adrenergic signaling and
reduces myocardial contractility, as well as disrupts
the kinetics of relaxation and diastolic distensibili-
ty*?¢. The myocardium of DM also presents upregu-
lation of the RAAS and local endothelin®"28.

CARDIAC PHENOTYPE

Two types of cardiac phenotypes have been de-
scribed for MCPDM?®. The first pattern, apparently
more common, is that of extracellular fibrosis, but
with preserved sarcomere structure, reduced and
hypertrophic left ventricle (LV), left atrial dilation,
and diastolic dysfunction/restriction indicators; this
pattern is clinically presented as HFEFp* (Figure 1).
The second pattern, reported in the earliest reports
of MCPDM, is cardiomyocyte apoptosis and atrophy
and loss of sarcomeric structure, scar replacement,
cardiac chamber dilatation, and LV systolic dila-
tation/dysfunction clinically recognized as HFEFr
(Figure 2). In both phenotypes, microcirculation rar-
efaction and microvascular deposition of advanced
glycation end products (AGEs) are observed®.

TABLE 1: PATHOPHYSIOLOGICAL ASPECTS OF HFEFP
AND HFEFR PHENOTYPES OF CMPDM 3

CMPDM HFEFp/ HFEFr/
restrictive  dilated
Hyperglycemia et +
Lipotoxicity +H+ +
Deposition of AGEs e+ et
Microvascular rarefaction 4+ et
Inflammatory/autoimmune response - +t
Insulin resistance/Hyperinsulinemia e+ -

However, there is some controversy regarding the
natural evolution of myocardial dysfunction and the
interrelationship of these patterns, namely: some
authors suggest that the pattern of diastolic dysfunc-
tion happens first and then develops into systolic
dysfunction®'; others argue that the phenotypes are
independent and would be consequences of an indi-
vidual response of each subject®. The latest evidence
points to the second case. In a cohort of patients with
HF, it was observed that significant reductions of EF
occur only in very old individuals (> 80 years old) or
after the occurrence of heart attacks* and therefore
would be due to other factors not related to DM. Dif-
ferent phenotypic patterns imply the existence of
corresponding distinct pathogens (Table 1). Thus, it
is proposed that hyperglycemia, lipotoxicity and hy-
perinsulinemia/insulin resistance leading to micro-
vascular coronary dysfunction are more important in
the pathogenesis of CMPDM and HFEFp and that the
inflammatory/autoimmune response would be more
relevant for DMPDM and HFEFr.

THERAPEUTIC MANAGEMENT - POSITIVE
AND NEGATIVE EFFECTS OF HYPOGLYCEMIC
AGENTS

The treatment of MCPDM should follow the
guidelines recommended according to the cardiac
phenotype (HFEFr or HFEFp). However, evidence
points to some peculiarities related to the class of
drugs and its relation with MCPDM. For example,
for the HFEFp phenotype, the use of beta-blockers
is questionable and may even be deleterious, as it
may lead to a worse clinical outcome, mediated by
cardiac dysfunction, especially in women®. In addi-
tion, metformins have a beneficial effect by activa-
tion of adenosine monophosphate-activated protein
kinase (MAPK) and increased bioavailability of NO,
but there was no improvement in left ventricular di-
astolic function compared to pioglitazone*. As for
sulfonylureas, they may potentially interfere with
myocardial adaptive response to ischemia and are
not recommended in this setting. Here are some oth-
er specificities of MCPDM treatment.

Reduced glycemia

Glycemic levels are associated with an increased
risk of incident HF, as well as atherothrombot-
ic events in patients at risk or already with DM*.
Thus, it is reasonable to conclude that the control
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of glycemic levels would reduce HF and CV events
in this group of patients. In a meta-analysis includ-
ing 27,049 participants from the Accord, Advance,
UKPDS and Vadt studies, the authors demonstrate
a 15% reduction in the relative risk of fatal/nonfa-
tal AMI in patients with intensive glycemic control,
but no reduction in hospitalization for HF, stroke,
or other causes of death?. In a HF cohort, inten-
sive blood glucose control in diabetic patients re-
sulted in a worse outcome. In this study, patients
who achieved HbAlc < 7.2 had an increased risk of
death or urgently needed cardiac transplantation?.
Another meta-analysis of more than 95 thousand
individuals revealed that the treatment with hypo-
glycemic drugs increased the relative risk of HF in
14%, exceeding in 5% the reduction of the relative
risk of AMI in these patients*® and without any ef-
fect on mortality. One of the possible explanations
connects to the metabolic inflexibility theory of
cardiomyocytes. Stimulated entry of glucose into
myocytes with reduced oxidation capacity of these
molecules would lead to intracellular acidosis, re-
sulting in reduction of the distensibility of the sar-
comeric protein titin and diastolic dysfunction®.

Peroxisome proliferator-activating receptor

agonists-y (PPAR-y)

However, the increased risk of HF generated
by hypoglycemic drugs is surely linked to the spe-
cific action of each drug. This same meta-analysis
demonstrated a high risk of HF related to the use
of peroxisome proliferator-activating receptor ago-
nists-y (PPAR-y) (or thiazolidinediones) [risk ratio:
1.42 (1.15-1.76)]*. These drugs provoke weight gain
and water retention, impairing the hemodynamic
condition of the patient with HF*®%'. There is no re-

duction in cardiac systolic function®"*

using thiazo-
lidinediones. The deleterious effect is likely to occur
by stimulating renal tubular sodium reabsorption
by signaling PPAR-y pathways dependent in these
cells®® consequent fluid retention. However, the si-
multaneous use of other diuretic drugs may coun-
terbalance the observed weight and fluid gain. This
has been demonstrated with the combination of pi-
oglitazone dapaglifozin in a previous clinical trial®.
In addition, one study suggests that pioglitazone re-
duces diastolic dysfunction in men with uncompli-
cated DM and absence of coronary disease*.

As with thiazolidinediones, dipeptidyl pepti-
dase-4 inhibitors (iDPP-4) had a moderate risk of

incident HF associated with its use unrelated to sig-
nificant weight gain [risk ratio: 1.25 (1.08-1.45)]*® in
the meta-analysis cited. On the other hand, the use of
insulin glargine (Origin study) and weight loss by life-
style change (Look-Ahead study), despite a favorable
trend, had a neutral effect on the risk of HF.

Inhibitors of dipeptidyl peptidase-4 (iDPP-4)

In another meta-analysis (n = 79,867) including
only studies using iDPP-4 (which main randomized
and controlled studies were Savor-Timi 53, Examine
and Tecos), the authors demonstrate a 13% increase
in HF (p = 0,03) after the introduction of the drugs
of this class (= 0%). The authors isolated only the
main randomized controlled trials (n = 36,543) (risk
ratio = 1,14 (0,97-1,32)) and the risk remained, but
they lost significance due to the large heterogeneity
of the results (I?= 42%). The Savor-Timi 53 study ap-
parently carries the difference between results, lead-
ing to presuming that saxagliptin is the main drug
(22% increase in risk) in this class responsible for the
incidence of HF - whereas sitagliptin would have no
effect in this sense®. But, despite the large sample
size, it has not yet been possible to determine with
statistical certainty whether there is indeed a dif-
ference of effect within the iDPP-4 class (the sample
was insufficient). Anyway, this is a worrying effect,
because it happens mainly in populations that, for
the most part, do not have previous history of HF.

IDPP-4 class drugs are easy to administer, do
not cause weight gain or hypoglycaemia and have
good gastrointestinal tolerability. However, they
have potential cardiac and haemodynamic delete-
rious effects that may be exacerbated in patients
with established or subclinical HF*¢. The DPP-4 en-
zyme is also responsible for degrading the stromal
cell-derived factor (SDF) -1 [in addition to the pep-
tides glucagon-like (GLP) -1]. The increase in SDF-
1, experimentally, channels mesenchymal cells to
tissues undergoing overload or injury (for example
myocardium) and promotes inflammation, regener-
ation, and fibrosis ¥. Another effect of SDF-1 is to
increase sympathetic activity and to stimulate cy-
clic myocardial adenosine monophosphate (AMP-c),
promoting hypertrophy and ventricular arrhyth-
mias®. Finally, the natriuretic effect of iDPP-4 is
unobtrusive, not leading to weight loss, and appears
to be the effect localized only to the distal portion of
the renal tubules.* The higher sodium reabsorption
occurs, however, in the proximal tubules, which is
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why GLP-1 receptor agonists and sodium-glucose
transporter inhibitors 2 (iISGLT2) have a greater di-

uretic effect: they act preferentially at this site®%".

Sodium-glucose transporter inhibitors 2 (iSGLT2)

The Empa-REG Outcome clinical trial revealed
an impressive relative risk reduction of 35% relative
to the use of empaglifozine compared to the place-
bo group® in patients with established cardiovas-
cular disease. Curiously, the results are similar for
patients with previous diagnosis of HF at the begin-
ning of the study or not. Similar findings were found
in the study that evaluated the effect of canagliptin
on outcomes of CV®, a 32% reduction in hospitaliza-
tions due to HF. In parallel, “real world” results (>

180,000 patients) in a very broad population (United
States and North America, Europe, the Middle East
and Asia) corroborate these findings and add that
this may be a class effect, as well as to be possible
in individuals with no prior history of atherosclero-
sis®*%°, The relative risk reduction of HF, in this case
compared to other hypoglycemic agents, was simi-
lar to that found in the Empa-REG and Canvas study,
about 28%.

The beneficial effects related to the use of these
drugs are independent of the intensity of the gly-
cemic reduction and may be related to significant
weight loss and reduction of blood volume. However,
other potential mechanisms are proposed. The use
of empaglifozine deviates the use of glucose to fat

FIGURE 1: ECHOCARDIOGRAM OF PATIENT WITH CLINICAL HF AND PRESERVED LV EJECTION FRACTION
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Panel B: left ventricle in systole.
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tudinal deformation, where each line
represents a segment (Y axis) along the
cardiac cycle.

Panel D: anatomic M mode of the LV in
the four-chamber window: the systolic
deformation of each segment (y-axis) is
represented by color over time (x-axis),
darker red tones are considered normal
and abnormal, light tones.
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LV: left ventricle;
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Panel C: LV myocardial systolic longi-
tudinal deformation, where each line
represents a segment (Y axis) along the
cardiac cycle.

Panel D: anatomic M mode of the LV in
the four-chamber window: the systolic
deformation of each segment (y-axis) is
represented by color over time (x-axis),
darker red tones are considered normal
and abnormal, light tones.

AD: right atrium;

AE: left atrium;

RV: right ventricle;

LV: left ventricle;

AVC: aortic valve closure
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as an energetic substrate by the myocardium. The
homeostatic balance favors the production of gluca-
gon in relation to insulin and therefore the release
of glucose and ketogenesis®. One of the products of
ketogenesis, B-hydroxybutyrate, is associated with
a reduction in myocardial glucose uptake. Possible
positive effects of ketone bodies as an energetic sub-
strate for the myocardium include resistance to oxi-
dative stress, reduced lipolysis, lower metabolic rate,
and reduced sympathetic tone®. At three months
of treatment, there are also signs of mass reduction
and recovery of LV distensibility®®. Other pathways
in which iSGLT2 may hinder the establishment of
MCPDM include: reduction of insulin resistance,
blood pressure, albuminuria and uric acid, attenu-
ation of arterial stiffness, inflammation, oxidative
stress and sympathetic hyperactivity, and regulation
for angiotensin receptor blockers.

Insulin
Intensive insulin use does not appear to reduce
LV diastolic dysfunction in patients with MCPDM.

Despite some disagreement between studies, some
suggesting positive results®® and others not, there is
no evidence of improvement of left ventricular relax-
ation with intense glycemic control through the use
of insulin. The potential benefit of glycemic control
may be counterbalanced by weight gain promoted by
insulin use.

FINAL COMMENTS

MCPDM is a complex and difficult diagnosis
condition. Its recognition has been dubious due to
the simultaneity of pathogenic effects promoted by
diseases and associated CV risk factors. However,
the evidence has increasingly made clear the patho-
physiology and clinical presentation of this cardio-
myopathy, as well as demonstrated that its validity
may worsen the prognosis of coexisting diseases.
Many aspects of MCPDM are not yet understood, so
awareness of diagnosis is necessary in the care and
academic circles to create mechanisms to attenuate
their ominous repercussions.

Apesar de hd muito tempo descrita, ndo existe consenso estabelecido quanto d real existéncia da cardiomiopatia diabética (CMPDM).
Devido a sua complexa fisiopatologia, tem sido drduo a pesquisa clinica e experimental estabelecer conexdes claras entre diabetes
mellitus (DM) e insuficiéncia cardiaca (IC), assim como solucionar os mecanismos da doenga subjacente do miocdrdio. No entanto, as
evidéncias epidemioldgicas da relacdo dessas condicbes sdo incontestdveis. O interesse em compreender melhor essa doenga tem re-
crudescido devido aos recentes resultados de ensaios clinicos avaliando novos fdrmacos hipoglicemiantes, como os inibidores do trans-
portador de sédio-glicose 2, que demonstraram respostas favordveis, considerando-se a prevengdo e tratamento da IC em pacientes
portadores de DM. Nesta revisdo, percorremos aspectos da epidemiologia da CMPDM e de seus possiveis mecanismos patogénicos,
além de apresentarmos os principais fenétipos cardiacos da CMPDM (IC com fragdo de ejegdo preservada e reduzida) e implicagdes

do manejo terapéutico desta doenga.

PALAVRAS-CHAVE: Diabetes mellitus. Cardiomiopatias. Hipoglicemiantes. Insuficiéncia cardiaca.
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SUMMARY

The prevalence of type 2 diabetes mellitus (T2DM) in the elderly grew sharply over the last decade. Reduced insulin sensitivity and
secretory capacity, weight gain, sarcopenia, and elevated adiposity are all common metabolic and body changes in the aging popu-
lation that favor an increased risk of hypoglycemia, frailty syndrome, falls, and cognitive dysfunction. First line antidiabetic therapy
is frequently not safe in older individuals because of its high risk of hypoglycemia and prevalent co-morbid diseases, such as chronic
kidney disease, osteoporosis, cardiovascular disease, and obesity. Sodium-glucose cotransporter 2 inhibitor (SGLT2i) is a new class of
antidiabetic therapy that inhibits glucose and sodium reabsorption on renal proximal convoluted tubule. Its effect is well demonstrat-
ed in various clinical scenarios in the younger population. This review and metanalysis describe particularities of the SGLT2i on the
elderly, with mechanistic insights of the potential benefit and remaining challenges about the use of these drugs in this important age
group. Further, we will present a meta-analysis of the main effects of SGLT2i reported in post-hoc studies in which the median age of
the subgroups analyzed was over 60 years. Despite the absence of specific clinical trials for this population, our findings suggest that
SGLT2i therapy on older individuals is effective to lower glucose and maintain its effect on systolic blood pressure and body weight.

KEYWORDS: Sodium-glucose transporter/antagonists & inhibitors. Diabetes mellitus. Aging. Effectiveness.

INTRODUCTION

The rapid increase in longevity and the prevalence
of type 2 diabetes mellitus (T2DM) are among the
most striking epidemiological challenges of recent
decades. As a consequence, nearly 50% of individuals
with T2DM are 65 years old or older', and 27% of those
aged 65 years or older have T2DM?2. These figures rep-
resent an increase of 62% over the last decade®.

Over the last 25 years, population aging was the
main factor for the 41% global increase in deaths due
to cardiovascular disease?. For these older individu-
als, the presence of T2DM has doubled the risk of
death?®. Since these evolving changes are of particular
importance, special attention must be paid to clinical
and mechanistic features related to aging as well as
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to the interaction of these biological changes with hy-
poglycemic therapies.

Aging predisposes a person to T2DM in a num-
ber of mechanisms, which include apoptosis of beta
cells, reduced insulin sensitivity from sarcopenia,
decreased mitochondrial activity, and increased lipid
content in cell membranes — particularly in hepato-
cyte and myocyte®”. Beta cells of aged individuals
have reduced secretory capacity. This is probably
due to different mechanisms such as reduced glu-
cose sense transporters, reduced insulin secretion
related to mitochondrial activity, and impaired func-
tion of K-ATP voltage channels®. In clinical studies,
this phenomenon has been related to reductions in
the amplitude of insulin pulse secretion and glu-
cose-stimulated insulin secretion ®°. Aging also leads
to a progressive decline in insulin sensitivity, which
is the result of processes that include increased ad-
iposity, sarcopenia, and mitochondrial dysfunction
67101 A successful glucose-lowering strategy for the
elderly must account for the limitations in increasing
insulin secretion and the reduced effect of insulin on
muscular and adipose tissues. In line with these as-
sumptions, lowering the threshold for glycosuria has
emerged as a promising therapeutic target for T2DM
elderlies.

About 90% of glucose filtered by the kidney is
reabsorbed by the sodium glucose co-transporter
2 (SGLT2), which is the most active co-transport-
er expressed at the proximal convoluted tubule ™.
In healthy individuals, virtually all filtered glucose
above 180 mg/dL is excreted; however, in diabetic in-
dividuals, glucose threshold excretion is at least 20%
higher, probably due to up-regulation of SGLT2 and
glucose transport channels in the nephron ®.

From an evolutionary perspective, it seems rea-
sonable that an efficient mechanism to preserve en-
ergy loss through urine has been selected ®. On the
other hand, higher glycemic levels may contribute to
metabolic disturbances, such as insulin resistance
and reduced insulin secretion. Therefore, an ade-
quate balance between retaining and losing glucose
through the kidney is of particular interest and cer-
tainly plays a role in helping the maintenance of a
favorable metabolic profile. Accordingly, SGLT2 in-
hibitors (SGLT2i) reduce glycemia in an insulin-inde-
pendent manner and contribute to the improvement

415 and insulin sensitivity 7.

of beta cells function
Only recently, clinical trials with SGLT2i start-

ed enrolling older individuals, and many questions

remain open to debate. To tackle this issue, this re-
view presents a meta-analysis of the main effects of
SGLT2i reported in post-hoc studies focused on elder-
ly individuals (Table 1 and Table 2) and describes par-
ticularities of the SGLT2i effect on the elderly, with
mechanistic insights of the potential benefits and re-
maining challenges about the use of these drugs in
this important age group.

Methods for Systematic Review and Me-

ta-analysis of SGLT2i Trials in Elderly

We used the methods recommended by the Co-
chrane guidelines to conduct the meta-analysis and
reported our findings according to the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses) statement®. All procedures per-
formed for this analysis are presented in detail in the
supplement.

Role of the funding source

There was no funding source for this study. The
corresponding authors had full access to all the data
in the study and were fully responsible for the deci-
sion to submit it for publication.

EFFICACY IN CLINICAL TRIALS
Anti-hyperglycemic effects

Recent guidelines have defined glycemic thera-
peutic goals that are less stringent in older individ-
uals when compared to younger ones, based on the
increased risk of hypoglycemia. Customized ther-
apeutic targets consider functional status, comor-
bidities, and life expectancy®**. More leniency with
higher glucose levels, however, does not necessari-
ly prevent hypoglycemia®, but it could instead fa-
vor dehydration, cognitive decline, falls, and other
complications®. Therefore, a more desirable option
would be a potent antidiabetic treatment that bears a
low risk for hypoglycemia. SGLT2i qualifies for this
premise being associated with a risk of hypoglyce-
mia of less than 1% in the elderly when used alone,
a number three times lower than that obtained with
DPP-1V inhibitors and 15 to 20 times lower than the
one observed with sulphonylurea®.

Aging may influence the efficacy of SGLT2i by
either indirect or direct mechanisms. Indirectly,
the age-dependent decline in glomerular filtration
rate (GFR) may reduce the glucose-lowering effect
of these drugs via down-regulation of the tubular

7
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TABLE 1. CLINICAL CHARACTERISTICS OF PATIENTS ENROLLED IN THE META-ANALYSIS

Zinman et al.’®, 2015 7020 |31 72.3 29 63.2 26 26 Placebo vs 2015
Empagliflozin 10/25mg

Tikkanen et al.”®, 2015 549 0.23 937 399 60.2 0 0 Placebo vs 2015
Empagliflozin 10mg

Barnett et al.2°, 2014 290 1 68.3 39 62.6 100 0 Placebo vs 2014

(CKD 1) Empagliflozin 10/25mg

Barnett et al2°, 2014 374 1 56.1 43 649 100 100 Placebo vs 2014

(CKD 111 Empagliflozin 25mg

Barnett et al.2°, 2014 74 1 50 46 641 100 100 Placebo vs 2014

(CKD V) Empagliflozin 25mg

Bolinder et al?', 2014 182 196 100 44 .4 60.7 64 3 Placebo+MTF vs 2014
Dapagliflozin 10mg+MTF

Matthaei et al.%, 2015 218 0.46 95 49 61 0 0 Placebo+MTF/SFU vs 2015
Dapagliflozin 10mg+MTF/SFU

Kohan et al.®, 2014 252 1.96 86 35 67 100 96 Placebo vs 2014
Dapagliflozin 5/10mg

Leiter et al.?# 2014 962 1 84 317 629 0 0 Placebo vs 2015
Dapagliflozin 10mg

Neal et al.5, 2015 2072 |1 75 34 62.7 25 NR Placebo vs 2015
Canaglifozin 100/300mg

Yale et al.26, 2014 269 1 799 394 68.5 100 100 Placebo vs 2014
Canaglifozin 300mg

Sinclair et al.#, 2014 1085 05 84.4 4 67 100 100 Placebo vs 2014
Canaglifozin 100/300mg

Bode et al.® 2014 714 1.96 773 44.5 64.6 0 0 Placebo vs 2015
Canaglifozin 100/300mg

TABLE 2. BASELINE LABORATORY AND CLINICAL DATA OF PATIENTS ENROLLED IN THE META-ANALYSIS

Zinman et al.®, 2015 8.07 -0,24 1349 26 766 -03 85.9 BN
Tikkanen et al.®, 2015 7.87 -065 1423 378 841 1,52 94.71 172
Barnettetal2°,2014 (CKDIl) | 8.02 -065 1374 -463 765 36 921 176
Barnett et al2°, 2014 (CKD Ill) | 8.02 -0,42 1374 -43 76.5 15 832 -7
Barnettetal2°,2014 (CKD IV) | 8.06 048 145 12,2 772 57 779 -1
Bolinder et al2', 2014 719 -042 NR NR NR NR 921 242
Matthaei et al 2, 2015 8.08 -069 1345 37 804 NR 386 21
Kohan et al.3, 2014 8.22 -0,34 1337 -6,04 73.8 -0,36 932 -363
Leiter et al.2# 2014 818 -04 1335 -3 77 NR 26 19
Neal et al %, 2015 83 -0,72 1371 -49 76.3 -19 2.8 31
Yale et al 2014 8 -041 1367 -6,09 75.7 NR 904 -0,99
Sinclair et al#, 2014 79 -07 134.3 36 759 27 902 -7
Bode et a8, 2014 775 -0,55 130.8 -66 755 -2 886 25

* Relative to placebo change and baseline levels. SBP: systolic blood pressure; DBP: diastolic blood pressure; NR: not reported.Figure Captions
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expression of SGLT2. Directly, early and still poor-
ly explored findings have suggested that aging may
reduce the expression of SGLT2%. In order to verify
these arguments, we assessed the effect of SGLT2i
in elderly individuals and as shown in Figure 1, we
found an overall decrease of 0.402% in HbAlc (95%
CI: -0.432, -0.370; p<0.001; 1>=0%), which is overall

comparable to findings in younger age groups™"24?7.

Blood Pressure Reduction

Although the coexistence of hypertension and
T2DM could be related to their increased prevalence
later in life, it may also stem from many common
contributors such as aging, diabetic nephropathy,
volume expansion, hyperinsulinemia, increased ar-
terial stiffness, hyperglycemia®*. More than 50%
of hypertensive individuals are older than 60 years;
and among individuals older than 60 years, up to 67%
have hypertension®®. Typically, isolated systolic hy-
pertension (ISH) is the most frequent type of age-re-

lated hypertension and is responsible for up to 90% of
cases in individuals older than 70%.

Arterial stiffness seems to be the main link be-
tween aging and ISH, and its mechanistic basis is
strongly related to elastin fracture and increased colla-
gen deposition in blood vessel walls*®. Among diabetic
individuals, the process of arterial stiffening is acceler-
ated by the deposition of advanced glycation products
like glyoxal and methylglyoxal, which are responsible
for a number of collagen cross-links*. The binding of
these glycation products with endothelial cells also
induces cell signaling that results in oxidative stress,
increased expression of cytokines and adhesion mol-
ecules, and activation of nuclear factor-kappa B (NF-
kB)*. Similarly, modifiable causes such as endothelial
dysfunction or those related to the metabolism of uric
acid, calcium or potassium may influence the stiffness
of conductance arteries leaving room for therapeutic
interventions*. In fact, treatment with empagliflozin,
which attenuates oxidative stress and improves endo-

A Effect of SGLT2i on HbA1c B Effect of SGLT2i on Body Weight
Study % Study %
(] SMD (5% CI) Weight D SMD (85% CI) Weight
Zinman etal.", 2015 ——— 008(0.11,001) 4814 Zinman etal.", 2015 —— 0.14(019,-009) 4811
Tikkanen et al."?, 2015 _— 017 (-0.31, -0.02) 580 Tikkanen et al.”, 2015 —_— 0.31 (-0.45, -0.16) 557
Barnett et al.®, 2014 (CKD II) —_—l.- 011(035,014) 187 Barnett et al., 2014 (CKD II) —_— 0.15(-089.010) 197
Barnett et al.%, 2014 (CKD Ill} —_—r 0.1 {031, 0.10) 28 Barnett et al.%, 2014 (CKD Ill} _é—ﬁ—— -0.08 (-0.28,0.12) 2p9
Barnett et al., 2014 (CKD IV) : 0.03(-0.43,0.48) 057 Barnett et al.®, 2014 (CKD IV) -002(-047,049) 057
Bolinder et al.”, 2014 —l . -0.11 {-0.40, 0.19) 1.40 Bolinder et al.”, 2014 —;—h— -0.07 (-0.36,0.22) 1.41
Matthaei et al.%, 2015 —— -0.05 (0.31,0.22) 168 Matthaei et al.?2, 2015 —‘:"‘_— -0.11 (-0.37, 0.16) 168
Kohan et al., 2014 il E— 002(029.028) 178 Kohan et al.%, 2014 —_ 006(033,020) 173
Leiter etal, 2014 — 0.10(023,003) 745 Leiter etal, 2014 —_— 0.16(:026,-003) 744
Neal etal.®, 2015 b 0.18 (-0.27, -0.08) 14.18 Neal et al.?, 2015 — -0.16 (-0.25, -0.06) 14.21
Yale etal, 2014 — -005(030,020) 185 Yale etal%, 2014 —_—— -003(-026.020) 185
Sinclair etal.?, 2014 — 017 (030,-008) 783 Sinclair et al.?, 2014 —!—‘—— -0.06 (-0.18, 0.08) 7.6
Bode et al.%, 2014 — T -0.06 (:0.21,0.10) 489 Bode et al.%, 2014 ——T -0.06 (:0.22,0.10) .80
Overall (-squared = 0.0%, p = 0.722) O 0,10 (-0.13, -0.06) 100.00 Overall (I-squared = 0.0%, p = 0.660) ® -0.13 (-0.17, -0.10) 100.00
T T T T T T T T T T T T
-5 25 1 o 1 25 5 5 25 -1 Bl 25 5
C Effect of SGLT2i on Systolic Blood Pressure D Effect of SGLT2i on Diastolic Blood Pressure
Suxdy & Study %
D SMD (95% CI) Weight - S —
Zinman et al.”?, 2015 —_— -0.10 (015, -0.05) 4878
Tikkanen etal.", 2015 —— 0M(025.004 569 Zinman etal.", 2015 == SRR L0070y oo
Barnett et al.?, 2014 (CKD 1) _‘—_ -0.08 (033, 0.16) 200 Tikkanen et al.”, 2015 _':_— <0.12 (<026, 0.03) 640
Barnett et al.®, 2014 (CKD Ill —-"—— 0.06 (-0.26.0.14) 283 Barnett et al.#, 2014 (CKD I1) 4,_,77 019 (0.44,0.05) 224
Barnett et al., 2014 (CKD IV) 003(049.083 058 Barnett st aL, 2014 (CKD 1) 1 T e
Matthaei et al%, 2015 —— 0.03(-0.30, 0.23) 17 -
Kohan et al, 2014 —_— asiEoa0 023 el Barnett et al.2, 2014 (CKD IV} ; 005 (051,0.40) 065
Leiter etal%, 2014 —m 004(017,008 756 Kohan etal., 2014 — 001 (027.026) L
Neal et al.#, 2015 —— -0.08 (017, 0.01) 1242 Neal et al., 2015 = 0.1 (020,001) 1621
Yale etal, 2014 ' 0.36(062,-011) 185 Sinclair etal?, 2014 - 016 (028,0.09) a7t
Sinclair etal.7, 2014 —_— 007(019,008 776 H
Y Bode etal.%, 2014 _— 014 (0.30, 0.02) 557
Bode etal.”?, 2014 — 012 (-0.28, 0.09) 4.96 A
Overall (l-squared = 0.0%, p = 0.678) O 0,10 {-0.13, -0.06) 100.00 Overal (-squared = 8.3%. p = 0.266) 0 0.6 (0.10.-009) 10000
T T t T T T : ; : : - -
5 25 -1 0 4 5 5 s 2 R | =

FIGURE 1. Meta-analysis of clinical trials mostly represented by individuals >60 years-old comparing SGLT2 inhibitors vs. pla-
cebo on (A) HbATc, (B) Body weight, (C) Systolic blood pressure (SBP) and (D) Diastolic blood pressure (DBP).
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thelial function, has led to a reduction in both arterial
stiffness and vascular resistency*4.

In several studies, including some with older in-
dividuals, SGLT2i has reduced systolic BP"#2842_ For
example, canagliflozin 300 mg has led to a 7.5 mmHg
(95% CI1-9.8, -5.2) reduction in systolic BP compared
to the placebo over a 104 weeks treatment”#?®
which was consistent with further studies in individ-
uals over 75 years-old treated with empagliflozin®. It
is noteworthy that such an effect was independent of
background therapies, such as metformin, sulphony-
lurea, GLP-1 agonists, and insulin®?345, Importantly,
the magnitude of the effect achieved with SGLT2i
is approximately half of that obtained with hydro-
chlorothiazide 25 mg?®, reaching a mean reduction
in systolic BP of 3.45 mmHg (95% CI: (-4.10, -2.81); p
<0.001; 1=43.2%). Although this effect may not reach
clinical benefit alone, it could solve the problem of
the increasing number of drugs or dose in the antihy-
pertensive therapy®.

The effect of SGLT2i therapy on BP was tested
on two specific trials, though none of these were ex-
clusively performed on elders. The EMPA-REG BP
trial assessed the efficacy of empagliflozin on BP
reduction on hypertensive patients monitored by
ambulatory BP monitoring (ABPM) using up to two
hypotensive medications. The mean 24h systolic
BP on empagliflozin 25 mg reduced by 4.16 mmHg
(95% CI: -5.5, -2.83; p<0.001) and diastolic BP by -1.72
mmHg (95% CI: -2.51, -0.93; p<0.0001) compared to
the placebo™. In a similar trial performed on hyper-
tensive diabetic patients using on angiotensin-con-
verting-enzyme inhibitor (ACEi) or angiotensin II
receptor blockers (ARB) plus other anti-hypertensive
medication, dapagliflozin 10 mg was associated to a
mean 24-h systolic BP reduction of 4.28 mmHg (95%
CI: -6.54, -2.02)*. This effect was similar across oth-
ers antihypertensive medications such as thiazide di-
uretic, a calcium-channel blocker, and beta-blocker,
though less intensive when dapagliflozin was added
to thiazide diuretic*.

Different factors may contribute to BP reduction
on SGLT2i therapy®. In the early stage, increased
natriuresis and osmotic diuresis favor systolic BP re-
duction®. This is likely the reason why a reduction of
BP was observed as soon as 1 week after treatment
with dapagliflozin®. Plasma volume contraction of
-7.3% on dapagliflozin and -5.4% on canagliflozin was
observed early on during the treatment*$*°. Paradox-
ically, this effect on BP is maintained while sodium

excretion and diuresis tend to return to previous lev-
els over the first 12 weeks™%.

In addition to these effects, weight loss and gly-
cemic control may also take part in the observed
effect SGLT2i on BP*. Hyperglycemia is associated
with up-regulation of SGLT2 and activation of both
renin-angiotensin-aldosterone axis and sympathetic
system®. Even weight loss obtained exclusively by
dietary treatment can reduce BP*, contributing in
up to 28% of systolic BP reduction®'.

Therefore, it seems possible that SGLT2i therapy
could contribute to the control of the hypertension
burden in older individuals. It is unlikely that this ef-
fect in BP will be the determinant factor for choosing
these medications in the future, but they could pose
as ancillary therapy.

2.3 Weight loss

Weight loss in older individuals is a debating
theme. In the general population, obesity has been
extensively associated with multiple comorbidities
and an increased incidence of cardiovascular events.
In the elderly, observational studies have reported
that weight loss is associated with falls, disability?,
increased morbidity® and mortality®?*%. Multiple ad-
justments have been made in these studies in order
to mitigate the interference of confounders. Still, the
inability to exclude the potential interaction by un-
apparent or unknown disease-mechanisms underly-
ing such spontaneous weight loss has carried on this
controversy.

Intentional weight loss was not associated with
increased mortality during a 12-years follow-up in
obese individuals older than 65 years®. In a cohort of
older adults, weight loss due to psychosocial stress
was not associated with increased mortality, though
an adverse outcome was still associated with spon-
taneous weight loss®. Hence, it is conceivable that
spontaneous and induced weight loss could not be
the same; the latter may even be considered as a
therapeutic target.

Studies with induced weight loss on elders have
found improvement in both lipid profile®™® and glu-
cose metabolism®%°. In such studies, two-thirds of the
weight loss is from fat and a third from lean tissue.
While one might assume that this loss of lean body
mass can trigger or intensify a loss of physical func-
tion, the results available indicate otherwise. In fact,
the improvement of physical function is related to the
amount of fat mass lost regardless of the amount of
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lean mass lost®. The muscle’s fat content is inverse-
ly related to its strength and directly related to its de-
cline over time®"%. Thus, reduced muscle strength
is a reliable marker of mortality and loss of mobility
independently of lean body mass®*¢. Also, the propor-
tional increase in lean mass is associated with a gain
in bone mineral density, an improvement regarding
frailty syndrome® and a reduction in mortality®®.

Although weight loss goals have not yet been
established, this effect of SGLT2i in the elderly has
been tested in different backgrounds. As seen in Fig-
ure 1, the pooled effect of SGLT2i therapy across tri-
als with the elderly was of - 1.72 kg (95% CI: -2.48,
-0.97; p<0.0001; 12=38.3%). For instance, canaglifloz-
in 300 mg was associated with 3.0% (-2.7 kg) weight
loss at 26 weeks?®, which was maintained over 104
weeks". Clinically relevant weight reduction (con-
sidered as 5% of weight reduction) increased by 23%
with this treatment™?. On individuals >65 years,
dapagliflozin induced a progressive weight reduction
that reached -3.4 kg at 52 weeks?*.

This is also observed in individuals using medica-
tions associated with weight gain such as sulphony-
lurea or insulin, the addition of SGLT2i reduced body
weight significantly??>%%7. Moreover, this effect is
additive for other therapies associated with weight
loss such as GLP-1 agonists®.

The amount of glucose lost through urine provides
a deficit of 200-400 kcal/day. With such caloric loss
during a long-term follow-up, one could expect that
the weight loss would be more significant than what
was actually verified. The increase in caloric intake71
partially explains this reduced expected effect’. Such
a compensatory increase in the caloric intake is pro-
portional to the glucose excretion™. Potentially, the
association between SGLT2i and appetite suppres-
sion would provide a higher and longer weight loss
than the use of these drugs as monotherapy.

Besides hyperphagia, SGLT2i treatment in mice
was associated with a decrease in oxygen consump-
tion and brown adipose tissue thermogenesis via
down-regulation of an inter-organ neural network
consisting of the common hepatic vagal branch and
sympathetic nerves™. Together, the reduction of
energy consumption and increased caloric intake
promote a balance to caloric loss through urine that
keeps the initial weight loss achieved with SGLT2i in
the first few weeks till up to 208 weeks™.

Regarding the effect of SGLT2i in body composi-
tion, over 102 weeks of dapagliflozin treatment, fat

mass changed by -1.34 kg (-2.44, -0.23) and lean mass
changed by -0.4 kg (-1.0, 0.2). This led to a propor-
tional change in body composition, with a decrease
of -1.5% (-2.1, -0.8) of fat mass and an increase of
1.3% (0.5, 2.1) of lean mass?®. In the mechanistic point
of view, one possible explanation could be the effect
of SGLT2i in increasing insulin sensitivity, thus fa-
voring the anabolism of the muscle tissue™™.
Another issue yet to be clarified is the preferred ef-
fect of fat mass loss after SGLT2i in visceral or subcu-
taneous tissue. In a study using magnetic resonance
imaging, the decrease in visceral adipose tissue (-258.4
cm? (-448.1, -68.6)) tended to be higher than that on
subcutaneous adipose tissue (-184.9 cm?® (-359.7,
-10.1)), though this difference did not reach statistical
significance in up to 102 weeks of treatment®™.

EFFECT ON KIDNEY AND RENAL DISEASE
PROGRESSION

As a result of the natural decline in glomerular
filtration rate (GFR), the elderly often present clini-
cally relevant renal dysfunction, particularly with di-
abetes. Indeed, chronic kidney disease (CKD) affects
more than 50% of individuals over 70 years™. Al-
though less than 2% of stage 3 CKD patients require
renal replacement in mid-term follow-up (8 years),
almost half end-stage kidney disease is attributed to
DM27". The relative risk of death and progression of
end-stage renal disease is increased in elders with
low GFR and high albuminuria, though its corre-
sponding effect on mortality wanes at an older age™.

Aging induces changes in the kidney as compared
to a disease that occurs in some but not all individu-
als. The microanatomical structural changes of the
kidney with older age include a decreased number
of functional glomeruli from an increased prevalence
of glomerulosclerosis, arteriosclerosis and tubular
atrophy with interstitial fibrosis and compensatory
hypertrophy of remaining nephrons. Among careful-
ly screened healthy kidney donors, glomerular filtra-
tion rate (GFR) declines at a rate of 6.3 mL/min/1.73
m? per decade. The elderly have less kidney functional
reserve when they do actually develop CKD, and they
are at higher risk for diabetic kidney disease and its
progression™. Diabetes accelerates these age-related
changes leading to a higher functional decline and pre-
cocity®®®'. In fact, senescent tubular phenotype cells
could be induced by high glucose concentrations®,
and these alterations on tubular proximal cultured
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cells are associated with increased expression of
SGLT2%,

Increased glomerular filtration is one of the ear-
lier markers of diabetic nephropathy. The renin-an-
giotensin system (RAS) plays a significant role in
glomerular hyperfiltration on diabetic nephropathy.
Glucose can induce angiotensin II (Angll) generation
by local activation of RAS®*, constriction of efferent
arteriole thus influencing sodium reabsorption and
increasing glomerular permeability®.

Similarly, the increased sodium reabsorption
through SGLT2 may also contribute to renal hyper-
filtration. SGLT2 expression is increased at the prox-
imal tubule of diabetic experimental models®® and in
diabetic patients®. This promotes a reduction of so-
dium on macula densa, thus increasing vasodilation
on afferent arteriole®®. The therapeutic use of SGLT2i
increases the sodium delivery to the macula densa,
thus decreasing GFR®. In parallel, other mediators
participate in the regulation of renal hemodynamics,
such as adenosine, nitric oxide, and calcium influx,
contributing to the glomerular filtration rate. Thus,
the hyperfiltration of diabetic kidney disease and its
control will depend on the outcome of the balance of
this set of players.

On aging CKD patients, an increased rate of neph-
ron loss units is observed. In parallel, there is an
adaptive decrease in SGTL2 transcription rate® and,
consequently, a decrease in SGLT2i effectiveness on
CKD patients, as SGLT2i acts on the extracellular
surface of the tubule lumen cell®'. Therefore, clini-
cal trials on SGLT2i observed reduced effectiveness
on glycemic control. A progressive decline on HbAlc
effectiveness was reported on empagliflozin 25mg
in individuals with CKD stage 2 (-0.68%), to stage 3
(-0.42%) and to stage 4 (+0.04%)*. An investigation
of dapagliflozin effect on CKD individuals indicated
that the cut-off point for the decline of SGLT2i glu-
cose-lowering effect is GFR <45mL/min®. In the gen-
eral population, the concomitant inhibition of SGLT1
and SGLT2 increases the glycosuria as compared
with the isolated inhibition of SGLT2%. In CKD pa-
tients, however, a head-to-head comparison of their
effect is unavailable.

Hypertension is the most common comorbidity
among CKD patients and its prevalence increases as
renal function worsens®. Particularly in this popula-
tion, BP controlling could attenuate the progression
of kidney disease®®. On stage 3 and 4 CKD, SGLT2i
therapy reduced SBP by - 5.46 mmHg (95% CI: -7.83,

-3.07; p=0.001; 12)=0%). SGLT2i therapy was associat-
ed with a reduction on SBP and DBP by 5220%26 and
104 weeks? among CKD patients. As with glycemia,
empagliflozin effects on BP wane as renal insuffi-
ciency worsens?®.

On CKD patients, not only the above-cited mecha-
nisms could be beneficial; body weight management
is associated with hindering proteinuria and the pre-
vention of GFR decline®. Indeed, SGLT2i therapy is
associated with body weight reduction in CKD pa-
tients, which is inversely proportional to the severi-
ty of renal dysfunction®. This coupling is consistent
with the reduced tubular expression of SGLT2 and
the glycosuria induced by SGLT2i, which is propor-
tional to the decline in GFR.

Probably as a consequence of constriction of the
proximal arteriole, eGFR decreases by approximate-
ly 4 mL/min/1.73 m? on the general population and
older patients®. The magnitude of the reduction on
GFR during SGLT2i therapy is similar to that ob-
served after distal arteriole dilation by ACEi®%". This
effect is observed as soon as after 1 week?® and tend-
ed to return to baseline values during follow-up™¢%
though persistent reductions can be observed®.
During SGLT2i therapy, older patients had similar or
slightly higher reductions of eGFR compared to their
younger counterpart®>*$?®. However, even though ag-
ing does not significantly influence the variation in
absolute GFR values, the percent loss of renal func-
tion may be higher due to preexisting renal dysfunc-
tion often found in the elderly®®®®. Even though, a
clinically significant decrease of GFR (at least 50%) is
infrequent even in Stage 3 CKD (12.2%)%.

Since the approval of the first SGL2i in March
2013 until October 2015, the FDA received reports of
101 confirmed cases of acute kidney injury (canagli-
flozin=73, dapagliflozin=28). Hospitalization and need
of dialysis were required for a selected number of
patients. Most improved with the discontinuation of
the drug. There were no signs of direct drug toxicity,
and most cases were observed in patients with predis-
posing factors to pre-renal AKI: decreased blood vol-
ume, chronic kidney insufficiency, congestive heart
failure, concomitant medications such as diuretics,
ACEi, ARBs, NSAID. The warning reinforces that the
patient’s kidney function should be assessed prior to
starting treatment and be monitored periodically after
that before being started on SGLT2 therapy. Also, one
should consider temporarily discontinuing treatment
in any setting of severe acute illness, prolonged fast-

REV ASSOC MED BRAS 2019; 65(1):70-86

76



ing, or severe fluid losses. If acute kidney injury oc-
curs, the drug should be discontinued promptly.

SAFETY CONCERNS
Volume-depletion-related events

Adverse events (AE) related to volume depletion
are of particular concern of this drug class. As it
would be expectable, SGLT2i therapy induces plasma
volume contraction through its effect on the proxi-
mal tubular cells. An increase in 24-h urine output
of approximately 370 mL and up to 10% contraction
of plasma volume have been reported on this treat-
ment*649190191 \Whether or not and in what degree
the plasma volume returns to baseline levels during
therapy is still a debated theme*®*°. However, safety
concern on volume depletion has been assessed in
recent clinical trials.

In safety clinical trials, volume depletion has been
characterized by postural dizziness, orthostatic hy-
potension, increased in heart rate, dehydration, hy-
potension, orthostatic hypotension, pre-syncope,
and syncope. In 104 weeks, the incidence is reported
to be 5.9% on canagliflozin™.

Probably as a consequence of plasma volume
contraction, RAS activity and aldosterone levels are
increased during SGLT2i therapy®. Actually, an ele-
gant study demonstrated that during SGLT2i therapy
there is an increase in both systemic and intrarenal
RAS activity”. It is established the proatheroscle-
rotic role of the RAS axis activation via a spectrum
of mechanisms including inflammatory pathways,
insulin resistance, hypertension, and oxidative
stress'®. The long-term effects of these pathways’
activation with SGLT2i remain to be assessed. In the
only published study in which the cardiovascular ef-
fect of SGLT2i was tested, about 80% of patients were
on concomitant use of RAS inhibitors™. By presump-
tion, it would be gainful to associate RAS inhibitor
therapy with SGLT2i*84°.

The incidence of volume-depletion-related AE is
low, but it may increase as renal function worsens.
For example, the incidence after empagliflozinis 1.0%
on stage 2, 3.7% on stage 3 CKD and 5.4% on stage 4%°.
Likewise, the incidence of volume depletion AE is

t'%% and increased overtime®®?°. There

dose-dependen
is no apparent influence of the concomitant use of
anti-hypertensive medications®™ or even thiazide
therapy on the incidence of these AE**1%%. Among the

elderly, special attention must be paid to orthostatic

hypotension, whose incidence is increased in up to
9% after SGLT2i"™.

Osmotic diuresis-related AE

Since long-term therapy with osmotic diuresis be-
came available for clinical practice for the first time
after SGLT2i development, the pros and cons of this
therapy remain theoretical. Potential AE includes pol-
lakiuria, polyuria, dry mouth, dry throat, micturition
urgency, nocturia, polydipsia, and increased thirst,
among others. So, particular attention must be paid
on elderly individuals to be treated by SGLT2i whose
baseline pre-treatment condition is already associated
with some of these symptoms. Osmotic diuresis symp-

423269699103 5 {

toms are dose-related®®, GFR-influence
time-dependent, raising up to 12.3% over 104 weeks".
Also in patients in use of therapies associated with
sodium retention such as insulin and sulfonylurea,
similar rates of osmotic diuresis AE have been report-
ed®4, However, a SGLT2i-induced 3-fold rise (from
0.1to 0.3%) in the incidence of volume-related AE were

previously reported?®.

Diabetes Ketoacidosis

A particular type of diabetic ketoacidosis (DKA) has
been reported during SGLT2i therapy which differs
from the usual form by the attenuated expression of
hyperglycemia and ketonuria; the called euglycemic
DKA (eDKA). On a pooled analysis, eDKA frequency
was overall low but slightly higher on SGLT2i (2-3
times) than with other anti-diabetic therapies™".

SGLT2i therapy increases ketonemia in a dose-de-
pendent manner via a spectrum of mechanisms™®.
In animal and cell models, SGLT2i therapy induces
ketone production by directly inducing glucagon se-
cretion by alpha pancreatic cells'”. Consistently, in
clinical studies, hepatic glucose production is up-reg-
ulated after SGLT2i treatment™'¢, at least in part due
to the increase in glucagon levels stimulating he-
patic ketogenesis and gluconeogenesis™®. Likewise,
SGLT2i increases the risk of eDKA by augmenting
ketone absorption and reducing ketonuria®.

Among the reported eDKA cases, a high propor-
tion of individuals had concurrent conditions which
may increase their susceptibility, such as of auto-
immune diabetes, reduction of insulin background
therapy and acute illness'. Moreover, the eDKA
cases were one decade older than their counterparts,
and at least 50% had late autoimmune diabetes on
adults (LADA)'®, while the prevalence of LADA is up

7
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to 10% on diabetic population"®™. Thus, although the
incidence of eDKA during SGLT2i is low (1.3/1000
patients-year), the possibility of this diagnosis must
be borne in mind particularly among the elderly and
those insulin-requiring®.

Hypoglycemia

In elderly diabetics, the casual detection of hy-
poglycemia indicates a fourfold increase in the risk
of death, which is a risk predictor even greater than
pre-existing ischemic heart disease™. Beyond that,
in this age group hypoglycemia is associated with
an increased risk of fall™, fracture™, and cognitive
decline™"e,

From a pathophysiological point of view, direct
and indirect effects of hypoglycemia ensues a set of
metabolic, thrombotic, inflammatory and vasomotor
effects, favoring the remodeling of atherosclerotic
plaques to an unstable phenotype and its thrombotic
occlusion. In the short term, hypoglycemia can reduce
the energy source for myocardial cells, particularly in
individuals with diabetes or ischemic heart disease,
prolonging QT interval, a substrate for life-threaten-
ing ventricular arrhythmias. In the elderly, impaired
counter-regulatory mechanisms may result in higher
susceptibility to hypoglycemia’s duration and its del-
eterious effects™. Consistent with the short-term ef-
fect, while the blood glucose decreased by about 16%
the risk of nonfatal myocardial infarction, the inci-
dence of cardiovascular death is not reduced.

SGLT2i therapy in the elderly did not increase
the risk of hypoglycemia. The relative risk of hypo-
glycemia was 1.11 (95% CI: 0.84, 1.45; p=0.554; 12=0%)
across SGLT2i and comparators on patients on a
background therapy not prone to hypoglycemia, as
seen in figure 2A. Hypoglycemia was not described
slightly more often when SGLT2i was added to a
background prone to hypoglycemia (insulin or sul-
phonylurea), posing a RR of 1.05 (95% CI: 0.99, 1.11; p
= 0.198; 12=39.1%) (Figure 2B), although considerable
heterogeneity was observed. Although hypoglyce-
mic adverse events were higher on SGLT2 inhibitors
when compared to the placebo, these AE were much
higher on insulin or sulphonylurea therapy back-
grounds. It is also described as an increase of hypo-
glycemic AE when renal function worsens. However,
specifically on the elderly, there are no head-a-head
trials of other hypoglycemic therapies vs. SGLT2i.
Therefore, although it is possible that SGLT2i could
reduce hypoglycemia rates in comparison to other

drugs on older individuals, more studies are needed
to assess this issue.

In stage 3 or 4 CKD individuals, hypoglycemia rate
was similar among SGLT2i and placebo on individuals
not on hypoglycemia prone therapy, with RR of 1.01
(95% CI 0.75, 1.37; p=0.688; 1>=0%), though on insulin
or sulphonylurea background therapy RR was 1.05
(95% CI: 0.85, 1,30; p=0.311; >=57%) with substantial
heterogeneity among trials in this last comparison.
Comparing the effect of empagliflozin on different
stages of CKD, progressively renal impairment was
associated with higher rates of hypoglycemia®. In
fact, stage 4 CKD on empagliflozin had an incidence
of 37.8% of hypoglycemic AE vs. 32.4% on placebo,
but lower incidence of AE were noted on stage 3 CKD
(27.8% vs. 28.3% on empagliflozin and placebo, respec-
tively) or stage 2 CKD (22.7% vs. 26.5% vs. 24.2% on em-
pagliflozin 25 and 10 mg and placebo, respectively)?.

Genital urinary-tract infections

Urinary tract infections (UTI) incidence is higher
on older TSDM females, specifically those with poor-
ly controlled diabetes™. Actually, in T2DM, moder-
ate to severe glycosuria is associated with asymp-
tomatic bacteriuria and also to pyelonephritis™®. As a
concern of diabetic and older individuals and because
of increased glycosuria on SGLT2i therapy, most of
the clinical trials and reviews involving SGLT2 inhibi-
tors reported UTI and GTI incidences™ "2,

As observed in Figure 3, SGLT2i therapy did not
increase the incidence of UTI events in trials with el-
derly individuals. The RR of uncomplicated and com-
plicated UTI on SGLT2i therapy was respectively 1.04
(0.95, 1.14; p=0.186; 1=24.9%) and 0.93 (0.66, 1.31;
p=0.745; 1>=0%). However, as expected on SGLT2i ther-
apy, females had a higher risk of GTI, with a RR of 4.13
(2.96, 5.76; p<0.001; 1’=32.6%), while males had a RR
of 4.02 (2.91, 5.57; p<0.001; I’>=0%). However, few par-
ticipants discontinued medication due to this AE, and
the majority of GTI and UTI are benign conditions that
were resolved with appropriate medication.

The overall incidence of UTI was higher on EM-
PAREG trial than others (on females, 40.6% on pla-
cebo and 36.4% on empagliflozin; on male individ-
uals, 9.4% on placebo and 10.4% on empagliflozin).
Paradoxically, the placebo branch had higher rates
of complicated urinary tract infections than the em-
pagliflozin (1.8% vs. 1.7%), though urosepsis developed
on 17 individuals on empagliflozin and 3 on placebo™.
The RR of UTI on CKD patients was 1.09 (0.83, 1.44;
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p=0.517). Similar to that of subjects without renal dis-
ease, RR of GTI was 2.31 (95% CI: 1.13, 4.75; p=0.22)
on males and 4.00 (95% CI: 1.62, 9.86; p=0.003) on

females on SGLT2i therapy.
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FIGURE 2. Meta-analysis of clinical trials in individuals >60 years-old comparing SGLT2 inhibitors vs. placebo on (A) Hypogly-
cemic events in patients not on background insulin or sulphonylurea therapy, (B) Hypoglycemic events in patients on back-
ground insulin or sulphonylurea therapy.
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FIGURE 3. Meta-analysis of clinical trials in individuals >60 years-old comparing SGLT2 inhibitors vs. placebo on (A) uncompli-
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the rate of bone loss and longevity. Genetic factors,
hormonal status, physical inactivity, low calcium in-
take, low sun exposure, smoking and comorbidities
such as CKD and DM2 may all contribute to an accel-
erated deterioration of bone mass; thus, they may fa-
vor the risk for osteoporotic fragility fracture. In par-
allel, regardless of the bone mineral density (BMD),
individuals with T2DM may have an osteopathic
disease with significant changes in bone quality and
architecture™. Finally, T2DM is also associated with
increased risk of fractures among the older popula-
tion due to peripheral neuropathy and increased risk
of falls™.

In regards to pharmacodynamics of SGLT2i, this
therapy may favor mineral and electrolytes distur-
bances, which can further contribute to the rate of
bone loss by increasing phosphate, calciuria and
production of parathyroid hormone (PTH) and fibro-
blast growth factor 23 (FGF23)%. In up to 50 weeks,
SGLT2i treatment on subjects >60 years presented no
significant differences between SGLT2i therapy and
the placebo on markers of bone reabsorption, such as
procollagen type 1 N-terminal propeptide and C-ter-
minal cross-linking telopeptides of type I collagen™e.
However, on a longer follow-up of 104 weeks, differ-
ent bone turnover markers such as B-carboxy-telo-
peptide and osteocalcin were increased with SGLT2i
therapy™®. However, the increased bone turnover
does not seem to impact on BMD of the femoral
neck, lumbar spine, and total hip after 50 weeks™® or
104 weeks?' of SGLT2i.

In a recent trial performed on individuals between
55-80 years, canagliflozin was associated with a 1.2%
decrease in total hip BMD over 104 weeks, though
not on other sites measured™. Despite the hypothe-
sis-generating nature of the study, the possibility of a
more significant impact on the decline in bone mass
after SGLT2i was raised by these findings. It is not
plausible that it could be a direct action of the drug
since SLGT?2 is not expressed on bone cell types™®. It
is possible that the decrease in BMD is attributable to
weight loss. On a post hoc analysis, 40% of BMD de-
cline could be attributed to weight loss™. Similar re-
sults were observed in other weight loss situations™.

In the animal model, prolonged treatment with
canagliflozin was associated with trabecular bone de-

terioration™

. However, in subjects with T2DM treat-
ed for a long time, improved glycemic control and in-
sulin resistance attenuation can compensate an initial

loss in bone calcification. In fact, oral hypoglycemic

drugs are generally safe on clinical trials. Few clin-
ical trials have assessed bone health and the majority
has reported fracture as an adverse event, posing a
limitation to accurate analysis. Thus, a clearer picture
of the mechanisms and clinical implications of the in-
teraction between the inhibition of SGLT2 receptors
and bone metabolism is still pending.

Another aspect to be considered in this scenar-
io is diabetic osteopathy leading to weakness from
BMD-independent structural changes in the bone™®°.
Thus, the hard endpoint to be considered during
clinical trials or in real life situations must be the in-
cidence of fractures. In patients >65 years, the inci-
dence of fractures was higher on the placebo branch
than on dapagliflozin (2.7% vs. 0.4%, respectively)?. In
a pooled analysis of canagliflozin trials, the incidence
of fractures was similar in both canagliflozin and the
placebo, 2.7% vs. 1.9 (HR 1.32 [1.00-1.74]), respective-
ly. However, in a subpopulation of high cardiovascu-
lar risk patients, canagliflozin was associated with
a higher incidence of fracture (4% vs. 2.6%), possibly
due to increased incidence of falls, as volume-relat-
ed AE were more frequent on canagliflozin than on
placebo (HR 1.76 (1.27-2.44))"". Possibly endorsing
fall-related fractures, this incidence was higher ear-
ly on the beginning of treatment, and the fracture
sites were the fists and feet. A sensitivity analysis
including only osteoporotic fractures showed a sim-
ilar risk increase of with canagliflozin®™'. It was also
observed on the SGLT2i group a tendency (RR 1.30
(1.00-1.68)) to increase the risk of stroke, and this
could be related to the risk of falls, especially for the
elderly™. Therefore, it is possible that fractures re-
lated to SGLT2i therapy are associated with volume
depletion.

In individuals with increased susceptibility to
fractures due to osteoporotic fragility such as CKD
patients, there is no clear evidence of an adverse ef-
fect of SGLT2i therapy. The incidence of fractures on
CKD patients was indeed lower on canagliflozin 300
mg (1.1%) than on the placebo (2.2%) over 104 weeks?®.
Patients on empagliflozin had a reduced number
of fractures compared to those on the placebo with
progressive renal failure from stage 2 to 3 CKD?. Al-
though one study observed higher rates of fractures
with dapagliflozin (7.7%), all reported events were re-
lated to trauma, and only 2 were considered severe
adverse events®.

In conclusion, although the available data are in-
sufficient to confirm or exclude a specific deleterious

REV ASSOC MED BRAS 2019; 65(1):70-86

80



effect of these drugs on bone metabolism, falls due
to hypovolemia were reported and the risk of fall-
ing should be considered in therapy indication with
SGLT2 or SGLT2 / SGLT1 in elderly individuals.

Effect on mortality

Recently, the EMPA-REG Outcome trial showed
a decrease in all-cause and cardiovascular mortal-
ity after the short-term use of SGLT2i in high-risk
diabetic individuals®™. Although SGLT2i could have
a positive influence on cardiovascular risk factors
(i-e., HbAlc, systolic BP, weight excess), the role of
SGLT2i on survival improvement via atherosclerot-
ic risk is unlikely. In this trial, for each non-fatal
myocardial infarction prevented with empagliflozin
three cardiovascular deaths were spared. This num-
ber speaks for itself against the attenuation of ath-
erosclerosis as the primary mechanism of benefit.
In fact, in statin trials, for each nonfatal myocardial
infarction prevented 0.5 cardiovascular deaths are
spared™3. Moreover, the early opening of the survival
curves in about one month is unlikely a consequence
of complex, long-lasting phenotypic changes such as
stabilization of atherosclerotic plaques.

Potentially, a change in the heart-kidney crosstalk
would favor the SGLT2i effect on cardiovascular mor-
tality. Several mediators for this crosstalk have been
reported, many with apparent impact on survival.
Fibroblast growth factor 23 (FGF23)®™4, renalase™s,
asymmetric dimethylarginine (ADMA), erythropoi-
etin, trimethylamine-N-Oxide (TMAO) and PTH are
among the most studied players. As noted above,
with aging there is a progressive decline in GFR gen-
erating an imbalance in the heart-kidney crosstalk in
favor of increased cardiovascular risk. In fact, in the
EMPA-REG trial'®, there was a significant interaction
between age and cardiovascular benefit provided by
SGLT2 inhibition, which was higher among those
with 65 years or older.

Looking from a different perspective, as a
co-transporter of sodium and glucose, its inhibi-
tion can hypothetically reduce the sodium influx
into cardiomyocytes reducing the propensity for
life-threatening ventricular arrhythmias®®. Con-
sistent with this finding, the risk of sudden death
was about 30% lower in those treated with SGLT2i'.
Both aging®™ and T2DM™® increase the incidence
of sudden cardiac death?; the severity of coronary
artery disease and hypoglycemia are mediators of
the risk in both cases. In disagreement with this

assumption, although the evidence is still scarce,
studies in humans have indicated that SGLT1 is
the predominant receptor in the myocardium and
small intestine, while SGLT2 is predominant in the
kidney™?. We still do not know if the proportion
of SGLT1 and SGLT2 in the myocardium changes
during the life course or under different stimuli. So
far, aside from canagliflozin, other SGLT inhibitors
have had minimal effect on the SGLT1°.

In subjects with T2D™ or heart failures (HF)"?,
the liver converts abundant plasma FFA into ketone
bodies (KB) such as acetoacetate and 3-hydroxybu-
tyrate. This KB excess in plasma is highly absorbed
in the myocardium and in a dose-dependent manner
is converted to acetyl-CoA™. In rodents, KB is used
as the primary source of energy by cardiac cells™*,
and such use might hypothetically occur in individu-
als with T2D and heart failure, favoring the improve-
ment in energy reserves™. Nevertheless, it is also
possible that overfeeding myocardium with KB may
induce insulin resistance and block the citrate cycle,
thus reducing the power supply™3. This controversy
has been highlighted recently with the confrontation
of two SGLT2i effects: increasing plasma KB and de-
creasing cardiovascular mortality in individuals with
T2D and HF. In healthy elderly individuals, the KB
output is similar to that in younger adults™. How-
ever, as commented above, among diabetic elderlies,
the KB production tends to be increased due to in-
sulin deficiency and malnutrition'®. Hence, if this
mechanism is in fact involved in the SGLT2i effects,
elderly diabetic patients will be among the most im-
proved populations.

Effect on stroke

A neutral or even beneficial effect has been re-
ported with hypoglycemic therapies in stroke risk™®.
The possibility of benefits concerning stroke risk
becomes even more likely if we consider the reduc-
tion of systolic blood pressure during treatment with
SGLT2i*. However, despite the clear cardiovascu-
lar benefit SGLT2i, some concern was raised with a
tendency to increase the incidence of stroke. In the
EMPA-REG Outcome trial, the incidence of stroke
tended to increase by 24% (95% CI 0.92, 1.67; p =
0.16)"®. Considering the EMPA-REG trials outcome
together with phase 2 or 3 studies, the risk of stroke
increased by 30% (95% CI: 1.00, 1.68; p=0.049)"*2. An
overall set of mechanisms that may be behind this
potential adverse effect is unclear. However, ortho-
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static hypotension™®, hemoconcentration™and in-
creased activity of renin-angiotensin-aldosterone
system (RAAS)™°are among consequences of SGLT2i
therapy that would favor stroke incidence.

In the elderly, this potential adverse effect may
have greater significance for the natural propensi-
ty to hemoconcentration and orthostatic hypoten-
sion. To date, however, the relationship between the
SGLT2i and the risk of stroke remains hypothetical
as the number of events is small and only one pro-
spective outcome-driven trial analysis is published.
Two other studies are underway with dapagliflozin
and canagliflozin, and its completion will help to dis-
cern more clearly this finding.

CONCLUSION

Few studies performed pre-specified analysis
on the elderly. Therefore, to accurately assess its

effects in older individuals, prospective studies
are necessary. SGLT2i therapy is associated with
glycemic effects on older individuals that are simi-
lar to younger ones. Similar effects on BP and BW
have also been observed. In fact, as intentional body
weight is not associated with higher AE, it is plau-
sible that drug-induced decrease on BW would have
no increase in mortality. One limitation of these new
agents is the higher prevalence of CKD on older indi-
viduals that could, in turn, reduce effectiveness. Oth-
er safety concerns are being outlined recently. DKA
could influence SGLT2i prescription on insulin users
but is rare on other individuals. Few cases of urosep-
sis were described on the largest SGLT2i trial to this
date, and it is possible that this low number will be
maintained in the long-term. The forthcoming stud-
ies regarding the cardiovascular safety of these new
agents may establish this class as a top second- or
first-line option in diabetes therapy.

A prevaléncia da diabetes mellitus tipo 2 em idosos cresceu muito na Ultima década. A redugdo na sensibilidade a insulina e na ca-
pacidade secretora, ganho de peso, sarcopenia e adiposidade elevada sdo todas alteracées metabdlicas e corporais comuns entre a
populagdo idosa. Essas mudangas criticas favorecem o aumento no risco de hipoglicemia, sindrome de fragilidade, quedas e disfungées
cognitivas. A primeira linha de tratamento contra a diabete muitas vezes ndo é sequra para individuos mais velhos devido ao alto
risco de hipoglicemia e a prevaléncia de comorbidades patogénicas, como doenga renal crénica, osteoporose, doenga cardiovascular
e obesidade. Os inibidores do cotransportador sédio-glicose 2 (SGLT2) sGo uma nova classe de tratamento contra a diabete que inibe
reabsorgdo de glicose e sédio na parte convoluta do tubulo proximal. Seu efeito é claramente demonstrado em diversos cendrios clini-
cos em populagbes mais jovens. Esta revisdo e meta-andlise descreve as particularidades dos SGLT2 na populagdo idosa, abordando
0s mecanismos dos potenciais beneficios e desafios ainda presentes do uso destes medicamentos nesse grupo etdrio tdo importante.
Além disso, apresentaremos uma meta-andlise dos principais efeitos dos SGLT2 encontrados em estudos post-hoc nos quais a idade
média dos subgrupos analisados foi acima de 60 anos. Apesar da auséncia de ensaios clinicos que incluem essa populagdo, os dados
encontrados sugerem que o tratamento com SGLT2 em idosos é eficaz para diminuir os niveis de glicose e tem efeitos na pressdo

arterial sistélica e no peso corporal.

PALAVRAS-CHAVE: Transportador 2 de glucose-sédio/antagonistas e inibidores. Diabetes mellitus. Idoso. Eficdcia.
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SUMMARY

Atherosclerosis is the leading cause of mortality in the contemporary world. The critical role of the endothelial cells (EC) in vascular
homeostasis, the metabolic changes that take place when the cell is activated, and the elements involved in these processes have been
widely explored over the past years. Obesity and its impact, promoting a rise in blood levels of free fatty acids (FAs) are often asso-
ciated with atherosclerosis and cardiovascular mortality. However, the mechanisms that promote cardiovascular structural changes
and adaptive changes in the ECs, particularly in the context of obesity, are little known. Here, we reviewed studies that assessed the
metabolic adaptations of healthy and dysfunctional ECs during exposure to FAs, as well as the epidemiological perspectives of cardio-
vascular structural changes in obesity. Finally, we explored the role of new agents — sphingolipids, dietary unsaturated fatty acids and
sodium-glucose cotransporter-2 inhibitors (iSGLT2) — in atherosclerosis and their relationship with obesity.

KEYWORDS: Obesity. Risk factors. Atherosclerosis. Endothelium.

INTRODUCTION

Atherosclerosis is the leading cause of mortality
worldwide and is associated with obesity. This dis-
ease has a physiopathological component key to the
dysfunction of ECs, the cells that make up the luminal
surface of blood vessels'. The activation of the endo-
thelial cell by different biochemical or biomechanical
stimuli results in an inflammatory phenotype, with
loss of the homeostatic function as a micro-barrier,
expression of adhesion molecules and prothrombotic

molecules on its surface, as well as the generation
of reactive oxygen species (ROS), which results in
the progression of the atherosclerotic injury in the
vessel wall? This review focused on epidemiological
aspects involving the association between obesity
and atherosclerosis and how the basic understand-
ing of metabolism and the ECs signaling during their
exposure to FAs or other atherogenic components of
the obese environment have contributed in providing
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CENTRAL ROLE OF OBESITY IN ENDOTHELIAL CELL DYS

UNCTION AND CARDIOVASCUL,

RISK

insights and identifying potential therapeutic targets
for the obesity/atherosclerosis binomial. In the final
part of the review, we will discuss the roles of mol-
ecules or other substances identified more recently
or fewer studies, sphingolipids, dietary unsaturated
fatty acids and sodium-glucose cotransporter-2 in-
hibitors (iISGLT2), and their potential involvement in
the physiopathology or therapy of the cardiovascular
changes that accompany obesity.

OBESITY AND RISK OF CARDIOVASCULAR
DISEASE

The rapid increase in the prevalence of obesity
in Brasil and in the world over the last few decades
was accompanied by a parallel increase in other co-
morbidities associated with obesity®. The epidemio-
logical evidence establishes an association between
obesity and mortality; however, there are controver-
sies in the relationship between obesity and cardio-
vascular risk, and that seems to be associated with
the pattern of body fat distribution and metabolic
factors that involve insulin sensitivity, the profile of
hormone secretion of the adipocytes and cardiorespi-
ratory fitness®.

The heterogeneity of obesity and the concept of

4

“obesity paradox,” in which individuals with over-
weight and obesity present an improved cardiomet-
abolic prognosis in comparison with eutrophic in-
dividuals, are fertile ground for an investigation of
the mechanistic and physiological fundamentals of
the diversity of effects of obesity on cardiovascular
health?®.

Although widely used in epidemiological studies
and the clinical routine, the body mass index (BMI)
is unable to distinguish areas of concentration of
white adipose tissue. The local distribution of white
adipose tissue and its impact on the cardiometabol-
ic risk have been described since the 1940s, and the
deposits of ectopic fat — deposits in visceral organs
— and in the abdominal cavity are significantly cor-
related with cardiometabolic abnormalities’.

The deposits of visceral fat are more resistant
to the insulin action and release free FAs in a high-
er proportion in comparison to the subcutaneous
adipose tissue. The excess of free FAs in the blood-
stream is closely related with the onset of inflamma-
tion, notedly observed through the increase in the
serum levels of C-reactive protein, interleukin-6, and
tumor necrosis factor- oo (TNF-a) in peripheral tis-

sues®. Additionally, the excess of circulating FAs and
their influx into the hepatic portal system triggers a
higher production of VLDL by the liver. In this con-
text, although many obese individuals present stan-
dard levels of low-density lipoproteins (LDL-c), most
of the LDL-c produced are small and dense particles,
classically more atherogenic®. In rodents, perivascu-
lar fat and the role of the resistance to the effect of
insulin on vascular cells during atherosclerosis are
well documented. These studies demonstrate that
the resistance to the effect of insulin on vascular cells
reduces the bioavailability of nitric oxide and favors
the adhesion and infiltration of immune cells, com-
promising the vasodilation properties and favoring
the endothelial dysfunction®.

Taken together, the mechanisms mentioned above
constitute some of the pillars of the heterogeneity of
obesity and the physiopathology of cardiovascular
diseases associated with obesity. The following top-
ics discuss these interfaces in greater detail.

METABOLIC ADAPTATIONS IN THE
ENDOTHELIAL CELL IN OBESITY -
BIOCHEMICAL PERSPECTIVES

In healthy conditions, the endothelium coordi-
nates the formation of blood vessels and keeps the
vascular homeostasis and its structure. In patholog-
ical conditions, however, the metabolic changes that
take place in the ECs can promote dysfunction and
be a trigger event for atherosclerosis'. ECs support
different cellular processes through several meta-
bolic pathways, which can have different signatures
according to bad metabolic adaptations, of which
the understanding might help us prevent injuries
and identify new therapeutic targets™. Initially, we
present the fundamental aspects of the endotheli-
al metabolism of blood glucose and Fas,™, both the
most critical energy-generating pathways in healthy
ECs, before exploring which fundamental changes
in these mechanisms are present in the endothelial
cells of obese individuals.

Counter-intuitively, in ECs that are very close to
an environment where there is direct exposure to
high blood flow, the ATP generation dos not rely, pri-
marily, on the oxidative phosphorylation (Oxphos).
ECs have a low mitochondrial density, and their
generation of adenosine triphosphate (ATP) occurs
mostly through anaerobic glycolysis, a process that
occurs at a similar rate to the the one in cancer cells,
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for example, in which the glycolytic flux also prevails
in relation to the oxidation of FAs and blood glucose
(> 200x). Thus, even though the ATP generation
through anaerobic glycolysis is less efficient than
Oxphos, in a cellular environment where there is
abundant availability of glucose, glycolysis becomes
a efficient option™™. Besides, that non-oxidative cel-
lular approach decreases the generation of reactive
oxygen species associated with Oxphos, as well as
reduces the use of oxygen, making it available, pri-
marily, for perivascular cells. Furthermore, this pro-
cess allows the ECs to use the lactate protectively,
as a molecule for controlling the angiogenesis™™". In
parallel, an intermediary of the glycolytic flux feeds
the pentose phosphate pathway, which results in the
generation of glutathione (GSH), a molecule with an-
ti-oxidant potential (ROS scavenging)".

FAs represent another energetic pathway for the
production of energy in the ECs (approximately 5%);
however, the primary use of the FAs that enter an
EC is not generating ATP™. However, in the absence
of glucose, the metabolic flow is diverted to the oxi-
dation of the FAs (FAO) in a process regulated by the
AMPK (adenosine monophosphate-activated protein
kinase), a cellular metabolic sensor'. The plasma
FAs enter the cell through passive diffusion or FAs
translocase, which also acts as acyl-CoA synthetase,
leading to the formation of fatty acyl-CoA. The fatty
acyl-CoA is conjugated to carnitine through carnitine
palmitoyltransferase 1A (CPTIA) before being trans-
ported to the mitochondria by the carnitine/acyl-
carnitine shuttle for B-oxidation. After entering the
mitochondrial matrix, enzymes of the CPT2 family
catalyze the formation of acylcarnitines back to the
fatty acyl-CoAs, which enter the B-oxidation path-
way". Thus, one of the regulators that play an im-
portant role in FAO is the CPT1A, limiting the FA flux
destined to B-oxidation. For example, the EC-specific
gene silencing of CPT1A causes defects in cell pro-
liferation (though it does not cause changes in other
homeostatic elements, such as cell migration) and
EC angiogenesis™". Such changes occur because, in
ECs, FAO is crucial for the synthesis of deoxyribonu-
cleotide, since the FAs are a source of carbon as crit-
ical as glucose and glutamine to the citric acid cycle
in the ECs™. In this context, occurs the generation of
aspartate and glutamate, precursors of nucleotides,
which, in turn, are critical for the DNA (deoxyribonu-
cleic acid) synthesis during cell proliferation’.

Obesity is associated with a high level of circulat-

ing FAs, and that increase in supply is a metabolic
challenge for the ECs since this process is also asso-
ciated with the generation of reactive oxygen species
and is deleterious to the cells (ROS)*°. Most endothe-
lial cells in adults are in quiescent form (QEC), un-
like the cells in proliferation (PECs). The QECs are
continuously exposed to an environment rich in ox-
ygen in the peripheral blood, and, consequently, to
the oxidative stress promoted by the ROs, capable
of promoting endothelial dysfunction through the
decoupling of the vasoprotective function of the en-
dothelial nitric oxide synthase (eNOS)?. Studies have
sought evidence of the mechanisms through which
these cells protect themselves to keep the vascular
homeostasis, which could lead to the identification of
new therapeutic targets that promote vascular pro-
tection in a FA-rich environment, like obese individu-
als™. According to what has been stated above, PECs
use the B-oxidation of FAs as a source of carbon for
the synthesis of nucleotides during the proliferative
stage of the angiogenesis®. Recently, Kalucka et al.??
demonstrated that QECs are not hypometabolic, as
was believed.

On the contrary, QECs increase the FAO flux
when they become quiescent. Surprisingly, they use
the B-oxidation of FAs not for the synthesis of nucle-
otides, such as in PECs, but to keep the redox homeo-
stasis through the regeneration of antioxidant mol-
ecules . That understanding certainly contributes
to the view that EC adopts protective mechanisms
during stress situations and the use of FAs to main-
tain redox homeostasis is a key mechanism.

This view that there are adaptive mechanisms
that protect against the excess of FAs has been re-
cently described. In general, it is known that highly
acute levels of free FAs induce a bad adaptation and
a consequent endothelial dysfunction in vivo in hu-
mans due to a worsen vasodilation mediated by ni-
tric oxide®, as well as promotes the activation of the
inflammasome and the of inflammatory signaling
cascade controlled by the factor nuclear kappa B (NF-
kB)?. Similarly, obesity/insulin resistance also pro-
motes in vivo endothelial dysfunction in humans®.
In the same way, FAs promote apoptosis through a
mechanism dependent on the generation of ROS us-
ing the NAD(P)H oxidase®, as well as the membrane
saturation of the endoplasmic reticulum and the con-
sequent endoplasmic reticulum stress, which also
activates inflammatory pathways?.

On the contrary, increasing FAO through the in-
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duction of the CPT1A upregulation or the promotion
of other metabolic sensors upregulation, such as the
(PPAR),
is capable of reducing endothelial dysfunction and

peroxisome-proliferator-activator-receptor

the EC apoptosis, therefore, being a possible thera-
peutic target for endothelial protection in situations
in which there is an increased supply of FAs in the
plasma®*?®. Besides, bariatric surgery can reduce
markers of systemic inflammation and endothelial
activation® significantly. This improvement in the
endothelial dysfunction might be associated to bet-
ter management of fatty acids by lean tissue after
the surgery since there is a decrease of the systemic
lipolysis during the intravenous overload of lipids, as
well as better disposal of triglycerides and produc-
tion of acylcarnitine after the bariatric surgery®.

CARDIOVASCULAR STRUCTURAL
ADJUSTMENTS IN OBESITY

Obesity is a well-known risk factor; however, part
of its effect on the cardiovascular structure is caused
by the concomitance of other risk factors. The isolat-
ed expression of the excess of white fat, thus, would
happen only in so-called metabolic-healthy obese
individuals. The analysis of cohorts featuring indi-
viduals with these characteristics would allow us to
understand which cardiovascular phenotype is relat-
ed to obesity. The largest cohort, so far, in number
of patients (n = 3,500,000), suggests that this action
leads to an adjusted risk of heart failure two times
greater (Risk ratio: 1.96; confidence interval of 95%:
1.86-2.06) and 50% higher chance of coronary ar-
tery disease (Risk ratio: 1.49; confidence interval of
95%: 1.45-1.54).0.46-1.81). This same study revealed
a lower risk, but not insignificant, of cerebrovascu-
lar disease (Risk ratio: 1.07; confidence interval of
95%: 1.04-1.11) also linked to obesity. The average fol-
low-up time for these outcomes to occur was 5.43'.
Another meta-analysis confirms these findings in
different populations that differ only on whether or
not there is an increase in the overall mortality of
these patients in comparison with the general pop-
ulation®34.

These adverse cardiovascular outcomes are me-
diated by structural changes that precede them. The
most important of these outcomes seems to be heart
failure. The association of obesity with diastolic dys-
function and left ventricular hypertrophy is well es-
tablished®*?¢, and both factors precede this outcome.

The increase in mass and the deficit of left ventricle
relaxation seem to be related with an increase in the
total peripheral vascular resistance determined by a
chronic increase of blood volume, already suggest-
ed by the Framingham study®. Also associated with
heart failure, the left ventricular systolic dysfunc-
tion, as the diastolic, is more frequent in obese indi-
viduals. There is a clear linear correlation between
BMI and the ejection fraction of the left ventricle,
as well as between BMI and the E/e’ ratio (marker
of the diastolic dysfunction), and these relationships
follow the increase or reduction of body weight in a
individual, thus showing the strength of the associ-
ation between these parameters®. The reduction in
the ejection fraction, however, seems to be slightly
more connected to hyperglycemia and insulin resis-
tance concomitant with the increase in adiposity. Hy-
perglycemia can increase the intra and extracellular
glycation of proteins, increasing the stress oxidation,
inflammation, and injuries to the myocardium, cul-
minating in the rigidity and reduction of contractili-
ty3®. However, there are also descriptions of ventric-
ular systolic dysfunction in obese individuals with
standard blood glucose and glycated hemoglobin, in-
dicating there must be other mediating mechanisms.

In fact, obese individuals with no insulin resis-
tance (Homa-IR < 2.5 and blood glucose < 100 mg/dl)
or other components of metabolic syndrome present
heart disease more often than non-obese patients.
Subclinical atherosclerosis assessed by the coro-
nary calcium score is two times more frequent in
this group (Prevalence ratio: 2.26; confidence inter-
val of 95%: 1.48-3.43), as shown by a cross-sectional
study®. This same study, however, suggests that the
diagnosis parameters for metabolic syndrome are
linked to a higher calcium score, even though they
are below the cutoff values, especially when consid-
ered with the values for LDL-cholesterol (also within
the normal range in the study). This set of evidence
suggests that the connection of the metabolic param-
eters of obese patients and coronary disease might
not have a threshold below which the risk would be
similar to the general healthy population.

The association between obesity and cerebrovas-
cular disease, however, seems less evident. Large
cohort studies have shown relationships®, but oth-
ers were not able to confirm them®, in very distinct
population, it is important to note. However, this
disagreement may be due to the dichotomization of
the classification of “healthy” and “unhealthy” obese
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individuals, since there is a clear correlation between
cerebrovascular accident and adiposity when consid-
ering the parameters of systolic blood pressure > 130
mmHg and/or diastolic > 85 mmHg, or hypertension
treatment, fasting glucose > 100 mg/dl, or diabetes
mellitus treatment, and total cholesterol > 240 mg/
dl or dyslipidemia treatment®. The set of data indi-
cates, thus, that the metabolic changes are necessary
for the outcome of cerebrovascular disease to occur,
unlike what happens with heart failure and, possibly,
coronary artery disease.

NEW AND OLD MOLECULES IN THE OBESITY
AND ATHEROSCLEROSIS INTERFACE
iSGLT2, obesity, and atherosclerosis

The iSGLT2 are a class of anti-diabetic drugs that
inhibit the absorption of sodium and glucose in the
proximal convoluted tubule, promoting osmotic di-
uresis and the renal glucose excretion®. Among
the main effects of these drugs, are the reduction of
blood glucose, arterial pressure (AP), and weight. All
these effects can contribute to the reduction of ath-
erosclerosis.

From the studies on safety requested by the
American Food and Drug Administration (FDA) since
20009, interesting effects of anti-diabetic drugs have
been observed in DM2 patients with high cardio-
vascular risk®. The use of empagliflozin in the Em-
pla-REG study was associated with a 14% reduction
(Risk ratio of 0.86; CI 95%: 0.74-0.99; p = 0.04 in the
incidence of major cardiovascular events (Mace) af-
ter an average of 3.1 years, an effect induced, mostly,
by the 38% reduction in mortality due to cardiovas-
cular diseases (risk ratio of 0.62; CI 95%: 0.49-0.77;
p < 0.001) and of 35% in admissions due to heart fail-
ure (risk ratio 0.65; CI 95%: 0.50-0.85; p=0.002)*.
A similar result was observed in the Canvas study,
using canagliflozin with a 14% reduction (risk ratio
0.86; CI 95%: 0.75-0.97; p = 0.02) of Mace incidence
after 3.6 years*®. In uncontrolled studies conducted
from databases, the so-called real-world studies, the
lower incidence of events was observed with more
intensity, with a 51% reduction of mortality due to
all causes (risk ratio: 0.49; CI 95%: 0.41-0.57; p <
0.001)%. The reasons behind this reduction remain
unclear; however, it might be associated with the ef-
fects the iISGLT2 have on cardiovascular risk factors.

Gliflozins are associated with dose/response
weight loss¥, with an average reduction of 2.1 kg (CI

95%: —2.3 —-2.0; p < 0.01) in comparison with the pla-
cebo after12 weeks of use*® and an average reduction
of 2.9 kg (CI 95%: -3.72 — -2.07; p < 0.001) after two
years, in comparison with other medications®. Still,
the weight loss is predominantly of adipose tissue (in
a 2:1 ratio)®°, particularly of visceral adipose tissue.
The weight reduction is due, mostly, to glycosuria,
with a estimated calorie deficit of 50 kcal/day®', de-
spite the possible contribution of other mechanisms,
such as the activation of brown adipose tissue and
insulin reduction®.

The gliflozins promote a reduction of 3-5 mmHg
in the systolic AP and 1-3 mmHg in the diastolic®.
Mechanistically, the osmotic diuresis induced by the
glycosuria contributes to the blood pressure reduc-
tion; however, other effects, such as the improve-
ment of endothelial function34, arterial stiffness®,
sympathetic tone®, and increase in natriuresis might
be associated™’.

Some studies have linked treatments with gli-
flozin to lower levels of inflammatory factors asso-
ciated with atherosclerosis, such as the TNF-alpha®®,
interleukin 6 (IL-6), and monocyte chemoattractant
protein-1 (MCP-1)*. In animal models, the treatment
with iSGLT2 was capable of reducing the formation
of atheromatous plaques in the aortic arch®, as well
as the formation of foam cells in the atheromatous
plaque®. However, the iSGLT2 are associated with
an increase in LDL, perhaps due to the reduction of
the hepatic metabolism of these proteins®, and have
a neutral effect on HDL. Still, no alterations were
observed in the functions of HDL and the enzymes
associated with this protein®€. Studies on obese pa-
tients with no DM2 were not conducted. It is possi-
ble, however, that these effects are found mainly on
DM2 patients, but not on those with regular blood
glucose levels.

Sphingolipids, lipid profile, and atherosclerosis

The increase in FA levels results, also, from a re-
shaping of the synthesis of bioactive lipids, which
might be involved in the physiopathology of condi-
tions associated with obesity, such as diabetes and
cardiovascular diseases. Among these bioactive lip-
ids, the sphingolipids have been noted as an import-
ant structural membrane element and as molecules
with cell signaling functions®. The sphingolipid de
novo biosynthesis uses as a rate-limiting enzyme
the serine palmitoyltransferase, whose catalytic ac-
tivity has a significant increase with the increase of
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availability of palmitoyl-CoA, derived from a higher
concentration of palmitate. Thus, a higher enzyme
activity of the serine palmitoyltransferase results in
a greater formation of several sphingolipids. Among
them, the most involved in cellular processes are the
ceramide and the sphingosine-1-phosphate, which
implies directly in a larger pool fo these molecules in
conditions of a higher supply of FAs. Such reshaping
of sphingolipids can affect several tissues®*.

Recently, plasma lipidomics data in the investi-
gation of such bioactive lipids as biomarkers for un-
stable coronary artery disease in the retrospective
cohort Lipid identified several lipid classes positively
associated with future cardiovascular events, such as
ceramides and sphingolipids, while lysophosphati-
dylcholine and diacylglycerol were negatively associ-
ated®®, which awakens an interest in other bioactive
molecules as possible effectors of lipid signaling. In
total, 53 lipid species were associated with cardio-
vascular events. Atherogenic lipoproteins, such as
LDL and VLDL, are enriched in sphingolipids, which
might also be associated with cardiovascular risk.
However, the sphingolipids that are also associated
with risk in the Lipid cohort had already been posi-
tively associated previously with unfavorable meta-
bolic conditions, including dihydroceramide and dif-
ferent kinds of ceramides. These results suggest that
the regulation might occur in a ceramide-synthase
level, which has a distinct expression according to
the tissue®.

Even though there are few divergent data, overall,
the studies on lipidomic profile have shown a positive
association between ceramides and several variables
associated with metabolic disorders, such as athero-
sclerosis and cardiomyopathy due to lipotoxicity.
Mechanisms of action of the ceramides intracellular-
ly involve, classically, the induction of apoptosis, in-
sulin resistance, endoplasmic reticulum stress, and
opening of the permeability transition pore in the mi-
tochondria. On the contrary, the inhibition of the bio-
synthesis of ceramides results in an improvement of
several metabolic disorders in animal models, such
as the decrease in the formation of atherosclerotic
plaque®’.

The effector signaling of the sphingolipids sphin-
gosine-1-phosphate deserves attention for its sophis-
ticated and still not fully understood behavior (Figure
1). Initially, as the class of sphingolipids in general,
during obesity in animal models, there is a positive
regulation of the enzyme apparatus for the synthesis

of ceramides with an increase of the sphingolipids
and sphingosine-1-phosphate both in the plasma of
obese mice as well as in adipocytes cultured in vitro.
This increase culminates in the positive regulation
of the cytokines involved in the inflammatory and
pro-thrombotic status of obesity, possibly mediating
atherosclerotic complications associated with weight
gain™. Such findings are corroborated by the positive
sphingosine-1-phosphate (S1P)
with obesity in humans™ and by the experimental

association of the

finding that it positively regulates the inflammato-
ry pathway triggered by the TNF-a receptor, a vital
element of the meta-inflammation triggered by obe-
sity”. Despite that, the S1P has a dual role™, since
the signaling cascade triggered by the S1P in the vas-
cular endothelium and in the cardiomyocyte has a
protective role, regulating the vascular development,
migration, angiogenesis, vasodilation signaling, and
microvascular barrier function, especially when the
S1P é chaperoned by the HDL or the apolipoprotein
M7 a condition in which the HDL/S1P induces a
complex with the B-arrestin in order to suppress the
NF-kB activation induced by cytokines. Besides, the
signaling of the S1P1 receptor is vessel-protective,
since its EC-specific super expression protects from
the formation of plaques in atherosclerosis models
in a diet rich in fat”™. Unfortunately, there is still a
gap concerning the specific reshaping of these sphin-
golipids in obesity and its role in the vascular endo-
thelium during obesity, although some light has been
shed on the protective role of the S1P1 and one of its
ligands (S1P carried by the HDL or ApoM). However,
it is also reasonable to extend this atherogenic envi-
ronment to the changes in the content of the dysfunc-
tional HDL S1P of both diabetic and coronary artery

67 who have a decreased capacity

disease patients
to carry S1P. Indeed, since the biosynthesis pathway
of sphingolipids is interconnected, the therapeutic
modulation of any element would be complicated,
and so far unpredictable, and the ceramide-synthase
would have a pathogenic role in a given context®, or
even on how the entire system would behave in the

endothelium of an obese individual.

Unsaturated fatty acids, diet, and atheroscle-

rosis

Lipids have been widely studied in the context
of cardiovascular diseases, and the dietary recom-
mendations for the ingestion of the macronutrients
have emphasized the replacement of saturated FAs
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FIGURE 1 (adapted from Moura-Assis et al.¢8). Activation of inflammatory signaling by saturated fatty acids in conditions asso-
ciated with obesity and their interaction with the STP The TAK1 (Transforming growth factor b-activated kinase 1) is activated by
several stimuli, including cytokines, TLRs, and factors associated with the TNF receptor (Traf), which culminates in the activa-
tion of the central pathway IkB kinase (IKK)—nuclear factor-kB (NF-kB), responsible for the activation of transcription of several
inflammatory genes® and the blocking of the insulin receptor. This scheme also demonstrates that the STPmolecule, when
generated intracellularly, acts as a secondary lipidic messenger, connecting itself to the Traf2 and promoting changes in the
complex with Traf2 that are crucial to the inflammatory activation of the IKK- NF-kB™. When S1P is carried by HDL or ApoM,
when it connects to the endothelial cell, it promotes the formation of a STP1-B-arrestin 2 complex that inhibits the activation of

NF-kB and blocks vascular inflammation.

for unsaturated FAs since the 1960s. The debates
around the recommendations for the ingestion of
FAs occupy a prominent position on the agenda of
most dietary guides and, according to the American
guide, the ingestion of saturated FAs should no ex-
ceed the daily limit of 10% of the total energetic value.
The dietary guidelines for the Brazilian population,
in turn, was structured to stimulate dietary patterns
and healthy behavior to the detriment of recommen-

dations of individual nutrients. Such action is neces-
sary since nutrients per se seem to not represent a
sine qua non-condition for the development of diseas-
es. However, even within the perspective of the Bra-
zilian dietary guide, there is an instruction towards
the reduction of saturated fats, substituting them for
unsaturated ones.

Even though there are multiple associations be-
tween lipid consumption and the development of
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cardiovascular diseases, so far, no evidence has been
established through well-controlled clinical trials.
Besides, the massive divergence between dietary pat-
terns between countries makes it substantially more
challenging to create guidelines.

Some studies designed to assess the effect of the
replacement of saturated FAs by carbohydrates indi-
cate there are no overall differences in the markers
for cardiovascular risk prediction such as LDL-c e
HDL-c’®. However, some studies that emphasized the
replacement of saturated FAs by carbohydrates with
low glycemic indexes found a reduction of LDL-c and
increase in HDL-c. These opposite effects emphasize
that specifying the source of foods that make up the
replacement list is mandatory and the use of carbo-
hydrates with low glycemic index as replacements
for saturated FAs confers cardiovascular benefits. A
recent analysis of the Nurses’ Health Study (NHS) and
the Health Professionals Follow-up Study (HPFS) es-
timated that the isocaloric replacement of 5% of the
saturated FAs by polyunsaturated, monounsaturated
Fas, and carbohydrates with low glycemic index rep-
resented a reduction of 25%, 15%, and 9% of cardiovas-
cular risk, respectively®°.

Since the epidemiological findings on the low in-
cidence of cardiovascular mortality among the Inuit
of Greenland, the consumption of fish and the ome-
ga-3 FAs have been extensively studied, In general,
prospective studies suggest a lower risk of coronary
disease in individuals with no previous cardiovascular
disease who have a higher intake of polyunsaturated
or fish FAs®'. The randomized clinical trials who did
find benefits in the supplementation with fish oil
in individuals with cardiovascular disease present
certain limitations and need to be interpreted with
caution. Individuals with cardiovascular disease al-
ready receive, in general, pharmacological treatment
(statins, for example), and the supplementation with
fish oil hardly potentializes the action of these drugs.
In addition, the benefits of the omega-3 FAs seem to
have a threshold, and additional doses do not confer
an increment to the cardiovascular protection in indi-
viduals who already have an adequate intake of these
FAs in their diet.

Some mechanistic studies in rodents have dis-
sected with greater precision the effects of different
types of FAs in the metabolism and in their effect
as signaling molecules. Polyunsaturated FAs can in-
crease the expression of genes involved in the oxida-
tion of lipids (PPAR) and decrease the expression of

those involved in the hepatic lipogenesis (SREBP-1c),
decreasing atherosclerotic injuries®®. Additionally,
the partial and isocaloric replacement of saturat-
ed FAs by unsaturated FAs decreases inflammation
and the endoplasmic reticulum stress in the aorta
of obese and insulin-resistant mice®®. On the other
hand, saturated FAs have been associated with an
increase of endothelial inflammation and greater
atherosclerotic injury in diet-induced obese mice®2.
Such effects seem to be related with the activation
of the pattern recognition toll-like receptor 4 (TLR4)
of the innate immune system and its inflammatory
cascade®.

Beyond the consensual difficulties, adherence to
the traditional Mediterranean diet has been asso-
ciated with lower cardiovascular risk and is widely
encouraged for the high-risk population. Monoun-
saturated FAs, especially the oleic acid, represent be-
tween 16-29% of the total energetic value® and their
inclusion in diet, as a replacement for simple carbo-
hydrates, is significantly associated with a reduction
in mortality®'. Additionally, the Predimed study (Pre-
vencion con Dieta Mediterranea) found a reduction
in cardiovascular events in groups that received sup-
plementation with extra-virgin olive oil or oilseeds
in comparison with the control group in a five-year
follow-up with men and women with no cardiovas-
cular disease but high-risk. The individuals placed in
the supplement group were instructed to consume at
least 50 grams of olive oil or 30 grams of oilseeds, in-
cluding nuts, almonds, and hazelnuts®. Finally, the
impact of this diet on effector mechanisms for the
protection of the activated endothelial cells in obese
individuals is still not clear.

CONCLUSIONS

The increase in the overall prevalence of obesity
is associated with an increase in cardiovascular risk.
There is piling evidence that demonstrates that obe-
sity promotes macrostructural cardiovascular chang-
es and bad cellular metabolic adjustments in the
vascular endothelium, a vital element of the onset of
the atherosclerotic process. Endothelial activation is
triggered, initially, by the plasma content of free fatty
acids in obese individuals, but also promotes a series
of metabolic adjustments in several tissues from the
reshaping of the bioactive lipid pool, which are ca-
pable of controlling other pathways of cellular and
protective stress. The scientific advancement in this
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is due to the incorporation of several tools that allow

for the study of lipids at a omic perspective, as well

for the integration of such knowledge to a knowledge

of cell signaling and population data, which has al-

lowed for the progress concerning the identification

RESUMO

of new biomarkers and new therapeutic targets.

Indeed, over the next years, there will probably be

more pieces available to this network of interdisci-

plinary knowledge that goes beyond the from bench

to bedside limitations.

A aterosclerose é a causa lider de mortalidade no mundo contempordneo. O papel central da célula endotelial (EC) na homeostase
vascular, as alteragées metabdlicas que ocorrem quando a célula se torna ativada e os elementos envolvidos nesses processos vém
sendo bastante explorados nos ultimos anos. A obesidade e o seu impacto, promovendo uma elevacdo dos niveis sanguineos de dcidos
graxos (FAs) livres, é bastante associada & aterosclerose e a mortalidade cardiovascular. Entretanto, os mecanismos que promovem
alteragdes estruturais cardiovasculares e alteragées adaptativas nas ECs, particularmente no contexto da obesidade, sGo pouco con-
hecidos. Aqui, nés revisamos estudos que avaliaram as adaptag¢des metabdlicas das ECs normais e disfuncionais durante exposicdo a
FAs, bem como as perspectivas epidemioldgicas das alteragdes cardiovasculares estruturais na obesidade. Finalmente, exploramos o
papel de novos atores — esfingolipides, dcidos graxos insaturados da dieta e inibidores do cotransportador de sédio-glucose 2 (iSGLT2)
— na aterosclerose e sua relacdo com a obesidade.

PALAVRAS-CHAVE: Obesidade. Fatores de risco. Aterosclerose. Endotélio.
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