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SUMMARY
OBJECTIVE: Cardiovascular risk stratification is an important clinical practice to estimate the severity of cardiovascular disease in patients 

with type 2 diabetes. This study aimed to compare the stratification of global cardiovascular risk with the specific risk stratification for 

patients with type 2 diabetes, seen at specialized outpatient clinics, and to evaluate possible differences in diagnoses and treatments.

METHODS: A total of 122 patients with type 2 diabetes treated at two specialized outpatient clinics, from 2017 to 2019, were studied. 

The cardiovascular risk stratification calculators, global risk score, Cardiovascular Risk Stratification Calculator, and United Kingdom 

Prospective Diabetes Study-Risk Engine, were used to calculate the risk of death from cardiovascular disease. The agreement between 

these calculators was analyzed using the kappa index. The indications for the use of statins and acetylsalicylic acid for the group studied 

were evaluated according to the Brazilian Diabetes Society Guideline.

RESULTS: There was a low degree of agreement among the three risk calculators. The global risk score calculator showed insignificant 

agreement with the Cardiovascular Risk Stratification Calculator (kappa=0.0816; p=0.0671). There was no agreement between the 

global risk score calculator and United Kingdom Prospective Diabetes Study-Risk Engine (kappa=-0.099), or between the Cardiovascular 

Risk Stratification Calculator and United Kingdom Prospective Diabetes Study-Risk Engine (kappa=-0.0095). 

CONCLUSION: The substantial disagreements among the cardiovascular risk calculators may lead to different diagnoses and may 

consequently influence therapeutic strategies. The findings herein highlight the need for specific validated cardiovascular risk calculators 

for patients with DM2 that can reliably estimate risk in these individuals.
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INTRODUCTION
Cardiovascular risk stratification is an important clinical prac-
tice to determine the severity of cardiovascular disease, espe-
cially in asymptomatic patients who are more susceptible to 
clinical complications, such as acute coronary syndromes, 

strokes, transient ischemic attacks, and peripheral arterial dis-
ease1. To help health professionals analyze their patients’ risks 
quickly and easily to propose therapeutic measures, several 
cardiovascular risk calculators have been developed, all based 
on different risk factors. Some of these tools are used for the 
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general population, whereas others are used for specific popu-
lations, such as those with diabetes mellitus.

Type 2 diabetes mellitus (DM2) is one of the main risk 
factors for cardiovascular diseases2, increasing cardiovascular 
morbidity and mortality 2–4-fold in relation to individuals 
without DM23. The diagnosis of DM2 was considered equiv-
alent to a high cardiovascular risk4 and, therefore, cardiovascu-
lar risk stratification guidelines and instruments traditionally 
used in clinical practice5 automatically consider patients with 
DM2 to be at high cardiovascular risk. Nevertheless, not all 
patients with DM2 have the same degree of cardiovascular risk6.

Stratification of cardiovascular risk appropriate to patients 
with diabetes can improve the accuracy of prediction of sub-
clinical cardiovascular disease, silent ischemia, and future 
cardiovascular events. It can also prevent unnecessary use of 
aggressive treatment in low-risk patients that might other-
wise increase the risk of adverse events and high treatment 
costs. For these reasons, cardiovascular prevention strate-
gies must be individualized according to cardiovascular risk, 
whereas intensified treatment must be reserved for individ-
uals at higher risk7.

This article aims to compare global cardiovascular risk strat-
ification with the specific cardiovascular risk stratification for 
patients with DM2, who attended two specialized outpatient 
clinics, and to evaluate possible differences in diagnoses and 
treatments. It also allows for the comparison of national calcu-
lators – global risk score (GRS) and cardiovascular risk stratifi-
cation calculator (ER Calculator) – with the United Kingdom 
Prospective Diabetes Study–Risk Engine (UKPDS-RE) calculator 
and for an evaluation of the effectiveness of these calculators.

METHODS

Study design and population
This is a cross-sectional study derived from a cohort entitled 
HealthRise Vitória da Conquista, an intervention project 
designed to improve the control of diabetes and hypertension 
in primary care and specialized outpatient clinics in Vitória da 
Conquista City, Bahia State. The study included all patients 
with DM2 at two specialized outpatient clinics, referred by the 
city’s primary health care facilities, from 2017 to 2019. Patients 
who had cardiovascular disease at the beginning of the study 
(high cardiovascular risk) were excluded.

Data collection
Patients examined between July 2018 and July 2019 were 
considered. The electronic medical records of patients exam-
ined at medical specialty clinics were reviewed. Patient data 

(variables of interest) selected from the electronic forms 
were recorded in an online questionnaire specially designed 
for this study.

Measures and definitions
The following variables were analyzed: a) Demographic: sex, 
age, marital status, religion, skin color, education, profession, 
and current economic situation; b) Anthropometric: weight, 
height, body mass index (BMI), waist circumference, hip cir-
cumference, and waist/hip ratio (WHR); c) Clinical: systolic 
blood pressure (SBP), diastolic blood pressure (DBP), ankle-bra-
chial index (ABI), classic symptoms of diabetes (polyuria/
urinary incontinence, urgency, polydipsia, polyphagia, and 
weight loss); d) Clinical features (hypoglycemia, ketoacido-
sis, hyperglycemia, and infection),  time of diagnosis of DM 
and types of treatment, initial clinical presentation (diabetic 
ketoacidosis, hyperosmolar hyperglycemic state, asymptomatic 
laboratory findings); and e) Personal details and complications 
(retinopathy, nephropathy, peripheral neuropathy, autonomic 
neuropathy, infarction, stroke, carotid disease, diabetic foot, 
limb amputation, angina, atrial fibrillation, and metabolic syn-
drome), medications, and life habits (smoking).

Stratified cardiovascular risk
Age was stratified into four categories, and the following vari-
ables were dichotomized: sex, alcohol consumption, diagno-
sis, presence of treated systemic arterial hypertension (SAH), 
classic symptoms of DM, clinical complications, initial clini-
cal presentation, comorbidities, use of acetyl salicylic acid and 
statins, clinical complications, presence of personal and family 
comorbidities, and family history of premature coronary artery 
disease, as defined by the Brazilian Diabetes Society7.

Regarding smoking habits, patients were categorized as 
current smoking (defined when the last episode occurred less 
than a year before the moment of stratification), non-smoker, 
and former smoker7.

The following continuous variables were studied: time of 
diagnosis of DM and SAH, body mass index (BMI), WHR, 
SBP, DBP, fasting glucose levels, postprandial glucose levels, 
HbA1c level, creatinine clearance, total cholesterol (TC), high 
density lipoproteins (HDL), low density lipoproteins (LDL), 
and triglycerides. The stratified cardiovascular risk from the 
calculators was classified as low, intermediate, high, based on 
the risk score of each calculator used.

Cardiovascular risk scoring models
Risk stratification calculators were used to estimate the risk of 
death from coronary heart disease, non-fatal infarction, angina, 
fatal or non-fatal ischemic or hemorrhagic stroke, transient 
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ischemic attack, intermittent claudication, and heart failure 
over 10 years.

To calculate the cardiovascular risk (CVR) of patients 
with DM2, risk calculators were selected that derive from 
the Framingham models1 and that use traditional risk fac-
tors: the GRS of the Brazilian Society of Cardiology (SBC)8 
and the UKPDS Risk Engine 2.09, specific for patients with 
DM. We also used the CVR stratification calculator (ER 
Calculator) prepared by the Department of Atherosclerosis 
of the Brazilian Society of Cardiology, which is based on the 
Update of the Brazilian Guidelines on Dyslipidemia and 
Prevention of Atherosclerosis 201710. This score also uses 
non-traditional risk factors (RF). 

Indications for the use of statins and acetylsalicylic acid (ASA) 
for the group studied were also evaluated from the CVR strati-
fications, according to the Brazilian Diabetes Society (Sociedade 
Brasileira de Diabetes – SBD) Directive7. Statin use and dose 
was based on LDL and n-HDL targets for each risk group. ASA 
use is indicated for DM patients considered high risk, with-
out atherosclerotic disease, when they are older than 65 and 
present a low risk of bleeding; in very high-risk patients with 
atherosclerotic disease, it is indicated for secondary prevention.

These scoring models were selected because they have already 
been used in cohort studies with robust samples8,9,11-14, includ-
ing patients with DM.

Data analysis
CVR percentages were calculated considering the age groups 
for each calculator to estimate the development of cardiovas-
cular disease (CVD) over 10 years. Patients with missing data 
were excluded when calculating the risk for each model. STATA 
15.0 software was used for statistical analysis. P-value <0.05 
was accepted as significant. Descriptive statistics were used 
for frequencies, means, and standard deviations. Pearson’s χ2, 
Mann–Whitney U, and Fisher’s exact tests were used to assess 
demographic characteristics, risk factors, and 10-year risks. 
Pearson’s χ2 analysis was used to determine the relation between 
10-year risk and age groups. The χ2 test was performed, and 
the linear association value was considered when the expected 
values less than five in a column were greater than 25%. The 
Kruskal–Wallis test was used to assess the relationship between 
CVD risk, alcohol use, and physical activity habits.

To assess the degree of agreement among the SBC global risk 
score calculators, the kappa agreement coefficient was calculated.

Ethical considerations
The requirement for consent was waived because of the retro-
spective nature of the study. The work was approved by a local 
research ethics committee.

RESULTS
During the study period, 1,276 patients were followed up. 
Of these, 122 were eligible, 64 (52.46%) of whom were women. 
The median age was 59 years old, and those over 60 years old 
comprised 48.36% of the population. Regarding skin color, 
47 (38.52%) declared themselves as pardo and 16 (13.11%) 
self-identified as black. In general, the subjects had low levels of 
education, with 11 (9.02%) reporting being illiterate. Regarding 
the economic situation, 44 (36.07%) patients were salaried, 11 
(9.02%) were unemployed, and 44 (36.07%) were retired or 
received some pension.

When analyzing risk factors for CVD, stratified by sex, we 
found that the average time since diagnosis of DM in the overall 
population was five years; however, 50.41% of the population 
had been diagnosed within five years. Overall, 96 (79%) were 
hypertensive, 53 (55.21%) of whom were women.

Regarding DM treatment, 100 (82.64%) patients used oral 
antihyperglycemic agents and only 23 (18.85%) used insulins. 
Lipid-lower drugs (58.20%) and antiplatelet drugs (38.52%) 
showed a high frequency of use with little difference between 
genders. Peripheral neuropathy was the most frequent compli-
cation of DM in the study group, with 34 (27.87%) affected 
patients (Table 1).

When assessing the 10-year risk grouping on the selected 
calculators, stratified by age, the global risk score catego-
rized high risk CVR in 105 (86.07%) patients. Of these, 57 
(54.29%) older than 60 years (p<0.05). There was a high 
proportion of CVR of 47.62% among men and 52.38% for 
women; however, there was no significant difference for this 
calculator (p=0.430).

The calculator of the Brazilian Diabetes Society classi-
fied 111 (90.98%) patients with high cardiovascular risk, 55 
(49.55%) of whom were over 60 years old. When stratified 
by sex, a high CVR was also observed between groups, in 55 
(52.38%) women and 50 (47.62%) men. Stratification for 
both sex and age did not show a significant difference for this 
calculator (p=0.940).

The UKPDS–RE, unlike the other calculators, classified 
77 (63.11%) and 30 (24.59%) patients, as low and interme-
diate CVR, respectively (p<0.001). Of the low CVR group, 
34 (44.16%) were younger adults (31–50 years old). The pro-
portions between men and women classified by this calculator 
were similar (Table 2). 

There was a low level of agreement between risk calculators 
using the kappa index. When comparing GRS calculators with the 
ER Calculator, there was insignificant agreement (kappa=0.0816; 
p=0.067). No agreement was observed between the GRS cal-
culator and UKPDS-RE (kappa=-0.099), or between the ER 
Calculator and UKPDS-RE (kappa=-0.0095).
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Table 1. Risk factors for cardiovascular diseases and metabolic control parameters in people with type II diabetes, Vitória da 
Conquista City, Bahia State, 2017–2019.

Total (n=122) Women (n=64) Men (n=58) p-valuen n (%) n (%)
DM duration

<5 years 61 (50.41) 29 (47.54) 32 (52.46)

0.558*5–10 years 16 (13.22) 9 (56.25) 7 (43.75)
10–20 years 27 (22.31) 17 (62.96) 10 (37.04)
>20 years 17 (14.05) 8 (47.06) 9 (52.94)

Presence of SAH
No 26 (21.31) 11 (42.31) 15 (57.69) 0.243*

Yes 96 (78.69) 53 (55.21) 43 (44.79)
SAH duration

<5 years 26 (24.76) 7 (26.92) 19 (73.08)

0.001*5–10 years 18 (17.14) 11 (61.11) 7 (38.89)
10–20 years 33 (31.43) 26 (78.79) 7 (21.21)
>20 years 28 (26.67) 15 (15.7) 13 (12.3)

DM treatment
ADO (%) 100 (82.64) 54 (54.00) 46 (46.00) 0.353*

Insulin 23 (18.85) 13 (56.52) 10 (43.48) 0.665*

ADO + Insulin 15 (12.40) 9 (60.0) 6 (40.0) 0.511*

Non-diabetic drugs
Antihypertensives 106 (86.89) 59 (55.66) 47 (44.34) 0.068*

Lipid-lowering drugs 71 (58.20) 40 (56.34) 31(43.66) 0.311*

Antiplatelet 47 (38.52) 32 (68.09) 15 (31.91) 0.006*

Anti-arrhythmic 3 (2.46) 2 (66.7) 1 (33.33) 1.00**

DM complications
Retinopathy 34 (27.87) 17 (50) 17 (50) 0.735*

Nephropathy 12 (9.84) 4 (33.33) 8 (33.33) 0.162*

Peripheral neuropathy 25 (20.66) 14 (56) 11 (44) 0.658*

Autonomic neuropathy 4 (3.28) 2 (50) 2 (50) 1.00**

Diabetic foot 8 (6.56) 3 (37.5) 5 (62.5) 0.476*

Amputation of limbs 4 (3.28) 1 (25) 3 (75) 0.345*

Angina 10 (8.20) 8 (80) 2 (20) 0.099**

AF 2 (1.64) 0 (0) 2 (100) 0.224**

Smokinga

Non-smoker 89 (72.95) 47 (52.81) 42 (47.19)
0.833*Former smoker 16 (13.11) 9 (56.25) 7 (43.75)

Smoker 16 (13.11) 7 (43.75) 9 (56.25)
Alcohol usea

No ethanol 86 (70.49) 52 (60.47) 34 (39.53)
0.003*Alcoholic 24 (19.67) 5 (20.83) 19 (79.17)

Former alcoholic 11 (9.02) 6 (54.55) 5 (45.45)
Physical Activity Practicea

No 89 (72.95) 48 (55.93) 41 (46.07) 0.493*

Yes 32 (26.23) 15 (46.88) 17 (53.12)
BMIa

Underweight 5 (4.55) 3 (60) 2 (40)

0.05**Normal 22 (20) 5 (22.73) 17 (77.27)
Overweight 31 (28.18) 14 (45.16) 17 (54.84)
Obesity 52 (47.27) 34 (65.38) 18 (34.62)
SBP (average) 140 (±21.19) 150 (±27.82) 140 (±26.2) 0.2015***
DBP (average) 86 (±14.13) 85 (±14.46) 87 (±13.83) 0.8810***
GJ (average) 121.5 (±69.51) 124.5 (±67.37) 116 (±72.35) 0.374***
HBA1C (average) 7.5 (±1.98) 7.55 (±1.84) 7.1 (±2.14) 0.3363***
CT (average) 187.02(±43.33) 183.5 (±44.46) 183.5 (±41.62) 0.402***
HDL (average) 43.5 (±11.09) 45 (±9.47) 39 (±12.02) 0.0009***
LDL1 (average) 102 (±37.93) 101.5 (±38.21) 102.5 (±37.87) 0.8395***
TG (mean) 154 (±186.37) 140 (±117.05) 171.5 (±118.10) 0.4527***

DM: diabetes mellitus; SAH: systemic arterial hypertension; ADO: oral antidiabetics; AF: atrial fibrillation; BMI: body mass index; SBP: systolic blood 
pressure; DBP: diastolic blood pressure; GJ: fasting blood glucose; HBA1C: glycated hemoglobin; CT: total cholesterol; HDL: high density lipoprotein; 
LDL: low density lipoprotein; TG: triglycerides. *Chi-square test; **Fisher’s exact test; ***Mann–Whitney; aVariable with loss.
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A second analysis was performed based on a grouping of the 
ER Calculator (ER1). The high-risk and very high-risk categories 
were grouped into only high risk. In this manner, better agree-
ment was obtained between GRS and ER1 (kappa=0.1545), 
although it was still statistically insignificant. 

Regarding the indication for medication use in the stud-
ied population, a large difference was noticed in the indi-
cations for statins and ASA. Whereas the GRS calculator 
and the ER Calculator indicate the use of statins in 105 and 
118 patients, respectively, the UKPDS-RE calculator indi-
cates their use only in 15 patients. For ASA, the number of 
patients referred by the GRS and ER calculators would be 
more than four times higher than by the UKPDS-RE cal-
culator (Table 3).

DISCUSSION
Low levels of agreement were observed among the CVR cal-
culators selected in this study. This observation is consistent 
with results of studies that used other types of calculators15-17.

The GRS, recommended by the SBC and derived from 
the Framingham Heart Study equations18, estimates the risk 
of CVD in 10 years. Using this tool, patients are categorized as 
low risk (<5%), intermediate risk (men with calculated risk ≥5 
and ≤ 20%, and women with calculated risk ≥5 and ≤10%) and 
high risk (risk calculated >20% for men and >10% for women 
over 10 years). Patients classified in the low risk category and 
who have a family history of premature cardiovascular disease 
are reclassified as intermediate risk18.

The recommendation is that the GRS be used in the initial 
assessment of individuals who were not included in high-risk 
conditions18. However, the study population in this study is 
composed exclusively of patients with DM2, which leads most 
patients to be classified as high CVR. This can lead to more 
aggressive therapeutic approaches and, consequently, to poly-
pharmacy prescription5.

The UKPDS risk engine is a specific risk calculator for 
type 2 diabetes, based on data from 53,000 patients in the 
UK Prospective Diabetes Study10. This tool provides risk 
estimates and 95% confidence intervals for individuals with 

Table 2. Grouping of 10-year risks according to models stratified by sex, Vitória da Conquista City, Bahia State, 2017-2019.

Total n (%) Women n (%) Men n (%) p-value

GRS

Low 5 4 (80) 1 (20)

0.430**Intermediate 12 5 (41.67) 7 (58.33)

High 105 55 (52.38) 50 (47.62)

ER Calculator 

Low 1 1(100) 0

0.940**
Intermediate 3 2 (66.67) 1 (33.33)

Very High 111 58 (52.25) 53 (47.75)

Extremely High 7 3 (42.86) 4 (57.14)

UKPDS – RE

Low 77 41 (53.25) 36 (46.75)

0.234*Intermediate 30 18 (60) 12 (40)

High 15 5 (33.33) 10 (66.67)

GRS: global risk score; ER Calculator: cardiovascular risk stratification calculator; UKPDS–RE: United Kingdom Prospective Diabetes Study-Risk Engine. 
*Chi-square test; **Fisher’s exact test

Table 3. Indication for the use of statins and acetylsalicylic 
acid, based on cardiovascular risk by cardiovascular risk 
calculator: GRS, UKPDS-RE, and ER Calculator, Vitória da 
Conquista City, Bahia State, 2017–2019.

No n (%) Yes n (%)

Statin Use

GRS 17 (13.94) 105 (86.06)

UKPDS-RE 107 (87.7) 15 (12.3)

ER Calculator 4 (3.28) 118 (96.72)

ASA Use

GRS 78 (63.93) 44 (36.07)

UKPDS-RE 112 (91.80) 10 (8.20)

ER Calculator 76 (62.30) 46 (37.70)

GRS: global risk score; ER Calculator: cardiovascular risk stratification 
calculator; UKPDS–RE: United Kingdom Prospective Diabetes Study-Risk 
Engine; ASA: acetylsalicylic acid.
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type 2 DM who do not have heart disease. The CVR can be 
calculated for all patients with DM2, regardless of the time 
of diagnosis. It uses the following risk factors: age; sex; eth-
nicity; smoking; presence or absence of atrial fibrillation; and 
levels of HbA1c, SBP, cholesterol total, and HDL cholesterol. 
Among the percentages referring to total risk, scores <10% 
indicate low risk, 10–19% indicates medium risk, and ≥20% 
indicates high risk10.

The agreement between the global risk score and the 
UKPDS–RE calculators in this study was very low. This can 
be explained by the fact that these calculators use different 
risk factors and generate divergent classifications for the same 
patients. The overestimation of CVD risk that derive from the 
Framingham calculator compared to the UKPDS–RE demon-
strates the importance of using glycated hemoglobin levels to 
estimate CVD risk in DM28.

The ER calculator7 is valid for patients with DM onset 
after 18 years of age; therefore, it is well-suited for this study. 
Using this calculator, patients with DM were divided into four 
major categories of cardiovascular risk: low, intermediate, high, 
and very high, according to age, the presence of risk stratifiers 
(RS), subclinical atherosclerotic disease, or clinical atheroscle-
rotic disease. The 10-year cardiovascular event rates for low, 
intermediate, high and very high risk were <10, 10–20, 20–30 
and > 0%, respectively.

According to SBD7, the ER calculator is derived from the 
UKPDS-RE risk score; however, the agreement according to 
the kappa index was insufficient, suggesting that the ER cal-
culator is not ideal for risk stratification in patients with dia-
betes. The divergence in the stratification of CVR by these 
two calculators generated different indications for the use of 
ASA and statins for the studied group. Therefore, depending 
on the chosen risk calculator, different diagnostic and thera-
peutic approaches would be adopted.

The present study allowed us to understand the applica-
bility of national non-specific CVR calculators for diabetic 
patients with a calculator already validated internationally for 
this population. It is suggested that, based on this study, other 
studies may address a larger number of patients to evaluate 
these calculators, as well as using other types of calculators 
produced nationwide.

Study limitations
The present study had a small study population derived from 
medical specialty clinics; therefore, they represent potentially 
more severely-affected patients. Nevertheless, the population 
was quite heterogeneous both in terms of demographics and 
clinical profiles. It is also important to note that the loss of 
information when reviewing medical records was substantial.

Another limitation was the use of statins prior to the study 
period, which might have underestimated cardiovascular risk, 
specifically in the UKPDS-RE calculator.

CONCLUSIONS
Important disagreements were observed between the CVR 
calculators; this can lead to different diagnoses and, conse-
quently, can influence therapeutic strategies. The use of the 
UKPDS equation made it possible to identify those at high 
risk for CVD early. This may avoid polypharmacy prescription 
in patients considered to be at low risk. In this sense, accord-
ing to our findings, this scale should be considered superior 
to the other calculators.

Incorporating DM2 as a categorical variable implies that 
diabetes increases the risk in a similar way, regardless of glyce-
mic control or the duration of diabetes. This work, therefore, 
emphasizes the need to use specific and validated risk calcula-
tors for individuals with a diagnosis of DM2 that can reliably 
estimate the risk of CVD.
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