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Abstract

Introduction: Type 2 Diabetes Mellitus (T2DM) is an independent risk factor for 
coronary artery disease. Nevertheless, the coronary risk rendered by pre-diabetes states 
such as Impaired Fasting Glucose (IFG) has not been thoroughly explored. The purpose 
of this study was to evaluate the influence of glycemic status on coronary risk estimated 
by the recalibrated Framingham-Wilson equation in our population. 

Materials and Methods: A total 1,378 of subjects were selected from the Maracaibo 
City Metabolic Syndrome Prevalence Study. A complete medical history was taken, next 
to laboratory workup and anthropometric measurement. All subjects were classified 
according to glycemic status in normal fasting glucose (NG), impaired fasting glucose 
(IFG), and T2DM. Coronary risk estimation was calculated using the Framingham-Wilson 
equation recalibrated for our population. 

Results: An increase in coronary risk was observed in IFG (p=3.78x10-6) and DM 
(p=4.34x10-13) when compared to NG; pattern also observed within genders: men 
(p=1.57x10-4) and women (p=2.37x10-4). Coronary risk also increased according to age 
in all categories of glycemic status. Within the IFG group, occupational status (p=0.004), 
smoking (p=2.29x10-5) and alcohol consumption (p=0.013) were associated with higher 
coronary risk. Finally, subjects with IFG exhibited greater probability for allocation in high 
coronary risk categories [OR: 1.46 (1.06 - 2.14); p=0.05].

Conclusions: Coronary risk scores from the recalibrated Framingham-Wilson 
equation were significantly higher in subjects with IFG. In our population, this increase 
may be influenced by sociodemographic and psychobiological traits, such as marital and 
occupational status, smoking and alcohol consumption.

prediabetic state was first recognized in 1997 [6], encompassing two 
types of patients: those with impaired fasting glucose (IFG) and those 
with impaired glucose tolerance (IGT). Currently, this is diagnosed 
by either glucose measurement during fasting or after an oral glucose 
tolerance test (75 g) or the glycated hemoglobin percentage (HbA1c) 
determination [7]. It has been previously established that a prediabetic 
state precedes the development of full-blown glucose intolerance or 
diabetes mellitus [8], therefore prediabetes is a high-risk state [9], 
characterized by b-cell dysfunction and insulin resistance, even 
before hyperglycemia levels reach diabetic levels [8,9]. The risk of 
developing diabetes is 4-6% when compared with normoglycemic 
subjects [10], and year by year this risk increases by a factor of 10 [11]. 

Diabetes is a known important risk factor for cardiovascular 
disease [12], especially when considering that there is evidence of 
myocardial damage in recently diagnosed diabetic patients [13] and 
in those subjects with non-diabetic hyperglycemia [14], both related 
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Type 2 Diabetes Mellitus (T2DM) is one of the most prevalent 

diseases worldwide, with over 382 million people affected by the 
year 2013 [1], and a solemn prediction that by 2050, 1 out of every 5 
adults will be diagnosed as diabetic [2]. In the United States, there are 
currently 25.8 million people with diabetes, 11,3% being over 20 years 
of age and 26.9% over the age of 65 [3]. There is also an increase in 
the annual cost of this disease, which has been calculated to be around 
174 million dollars in the United States by 2013 [4]. The burden of 
this disease has also been observed in Venezuela, with 1.2 million 
patients by 2013, representing a prevalence of 6,61% [1]. 

The situation regarding prediabetes is a growing alarm because by 
2010 a total of 79 million people in the United States were diagnosed 
[3], and it is estimated that by 2030, 472 million people worldwide will 
be diagnosed [5]. In our country, 1.5 million people had prediabetes 
by 2013, representing 8.25% of the general population [4]. The 
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to microvascular dysfunction [14] and accelerated calcification of 
arterial vessels [15]. In a clinical study conducted by Selvin et al. 
[16], it was revealed that prediabetes and diabetes were associated 
with subclinical myocardial damage, with cumulative probabilities 
of elevated troponin T of 6.4% for prediabetes and 10.8% for 
diabetes patients. Even though prediabetes offers some degree of 
cardiovascular risk, the two clinical states (IFG and IGT) show 
different patterns on influence, being linear for IGT and “J-shaped” 
for IFG [17], both associated with higher cardiovascular associated 
morbidity and mortality [18,19].

Consequently, proper assessment of cardiovascular risk is a 
priority considering the elevated cardiovascular risk observed during 
the progression of hyperglycemic states towards diabetes. Several 
cardiovascular scores have been applied to determine cardiovascular 
risk in subjects with prediabetes and diabetes [20,21], and amongst 
them is the Framingham-Wilson Score [20,22]. Although this equation 
has been criticized due to its lack of applicability in populations such 
as Hispanics [23,24], we have recalibrated this formula to enhance 
its detection power in order to apply it in our locality [25,26]. In this 
context, estimation of coronary risk in patients with prediabetes or 
diabetes should be a basic tool in preventive epidemiology, especially 
in a population such as ours with high prevalence of obesity [27] and 
hyperlipoproteinemia (a) [28], and physical inactivity [29]. 

Therefore, the purpose of this study was to assess the epidemiologic 
behavior of coronary risk (using the Framingham-Wilson Equation) 
regarding classification of glycemic status, and the association 
between glycemic disturbances and risk stratification categories.

Materials and Methods
Population selection

The Maracaibo City Metabolic Syndrome Prevalence Study 
(MMSPS) was a cross-sectional study, with a randomized, multi-
staged sampling methodology which has been published previously 
[30]. MMSPS enrolled 2,230 individuals, and for this branch of the 
study, the following exclusion criteria were applied: those under 30 
or older than 74 years of age, and personal history of acute coronary 
syndrome. The final working sample was 1,378 subjects. After 
written consent was obtained, each individual was subjected to a 
complete physical examination and anamnesis, where information 
concerning ethnic group, occupational status, and educational status 
was obtained, while socioeconomic status was assessed through the 
Méndez-Castellano-modified Graffar´s scale [31]. 

Framingham-wilson equation calibration for maracaibo 
city 

To calibrate the Framingham-Wilson equations [32], coefficients 
from the original formula were employed along with the major 
coronary event rate (lethal and non-lethal myocardial infarction and 
angor pectoris) obtained from the 2008 Zulia State Vital Statistics 
Yearbook [26]. From this data, risk was estimated with the following 
equation:

( ) ( )bΣ −      = − expâ1 0( ) iXi iXm
XiP t S t

where S0(t) is the rate of individuals without coronary events; β iXi is 

the coefficient that results from the multiplication of each risk factor 
value by its β constant obtained from the Cox regression model from 
the Framingham study [32]; and β iXm is the coefficient rendered by 
the multiplication of the mean of each risk factor by its β constant, also 
obtained from the original Framingham study [32]. Afterwards, we 
calculate S0(t) in two steps using the following formulas [23,24,33,34]:

Step A: H0(t)/FramAll determination

=
0( ) /:1.41

0( ) /
H t FramAllForMen

H t FramMajor

=
0( ) /:1.91

0( ) /
H t FramAllForWomen

H t FramMajor

where H0(t)/FramAll represents the rate of all types of coronary events 
– including silent Myocardial Infarction (MI) and angor pectoris, 
H0(t)/FramMajor is the rate of lethal and non-lethal symptomatic 
MI, and t is the time of follow-up, which in our case is 10 years. 
The coefficients 1.41 for men and 1.91 for women are risk variables 
obtained in the original Framingham study, and these proportions 
were assumed to be similar to our population. In this regard, based 
on local information, H0(t)/FramMajor can be substituted in the 
equation and H0(t)/FramAll calculated for each gender by resolving 
the equation as follows: 

( )

= =

=

0( ) /:1.41
0( ) /

1.41  0( ) / 0

H t FramAllForMen
H t FramMajor

x H t FramMajor H t FramAll

( )

= =

=

0( ) /:1.91
0( ) /

1.91  0( ) / 0

H t FramAllForWomen
H t FramMajor

x H t FramMajor H t FramAll

Obtaining the final results:

= =: 0( ) / 1.41 1.08% 1.512%ForMen H t FramAll x

= = : 0( ) / 1.91 0.6% 1.146%For Women H t FramAll x  

Step B: S0(t) determination

At this point, the rate of subjects without coronary events could 
be calculated through a subtraction, using H0(t)/FramAll values:

( ) = − =0 100% 1.512% 98.488%ForMenS t

( ) = − = 0 100% 1.146%  98.854%For WomenS t

Once S0(t) determination was finalized, it was included in the 
original equation. Final results were classified in 4 categories: Low 
Risk (<5%), Moderate Risk (5-9.9%), High Risk (10-19.9%) and Very 
High Risk (≥20%) (32).

Blood pressure 

Blood pressure was determined using the auscultatory method, 
with calibrated mercury sphygmomanometers, selecting Korotkoff`s 
phase I and V as systolic and diastolic blood pressures respectively. 
Blood pressure was taken with the subject sitting down, feet resting 
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on the ground after a resting period of 15 minutes. The pressure was 
taken 3 times, with 15 minutes in between each take on two different 
days. Blood pressure was classified using the Seventh Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC-7) [35]. 

Anthropometry 

An electrical bioelectric scale was used to obtain weight (Tanita, 
TBF-310 GS Body Composition Analyzer, Tokyo – Japan). Height 
was measured using a calibrated metric measurement tape, with the 
subject standing up barefoot. Body Mass Index (BMI) was calculated 
using the formula (weight/height2) expressed as kg/m2. Subjects were 
classified as normal weight, overweight, and obese according to the 
classification proposed by the WHO [36]. 

Clinical definitions

Diabetes and prediabetes: T2DM was diagnosed using one 
of the following criteria: 1) previous diagnosis of T2DM; 2) those 
without such previous diagnosis, but who over the course of this 
study were found to display fasting glucose levels ≥126 mg/dL in 2 
different measurements [7]. Prediabetes was determined evaluating 
fasting glucose levels, considering IFG when it resulted between 
≥100 and <126 mg/dL. Individuals with <100 mg/dL glucose levels 
were considered normoglycemic (NG). Known T2DM patients 
were considered to have satisfactory metabolic control when fasting 
glucose <130 mg/dL.

Smoking habit

Smokers were classified as follows [37]: a) Non-Smoker, any 
individual which has never tried a cigarette or has smoker less than 
100 cigarettes in his life; b) Current Smoker, any individual which has 
smoked over 100 cigarettes in his life, or that refers to current habit, 
or that has quit smoking less than a year previous to this anamnesis; 
and c) Past Smoker, any individual that has consumed over 100 
cigarettes in his life but has quit the habit over a year previous to this 
questioning. 

Alcohol consumption 

During anamnesis, individuals were asked how many drinks were 
consumed monthly. Those who consumed at least 1 drink per month 
were considered as Drinkers, and those who denied such habit were 
catalogued as Non-Drinkers [38]. Daily alcohol intake was calculated 
using the following formula [38].

( )
=

0.8
100

AlcoholIntake
Dailyconsumed mL xDegreesofAlcoholx

where 0.8 is a constant representing ethanol density in drinks. Based 
on this quantification estimation, Drinkers were defined as subjects 
who consumed ≥1 gram of alcohol daily [38,39].

Laboratory analyses

Serum glucose levels were determined following 8-12 hours 
of fasting through the glucose oxidase technique using automated 
equipment (Human Gesellschoft Biochemica and Diagnostica MBH, 

Magdeburg, Germany). Likewise, fasting serum insulin concentration 
was determined with a commercial kit based on ultrasensitive ELISA 
methodology (DRG internacional. Inc. USA. New Jersey); insulin 
detection limit is <1 µU/mL. Lipoprotein(a) [Lp(a)] was measured 
using the latex turbidimetric method (Human Gesellschaftfür 
Biochemica and Diagnostica, Germany), in which the presence of 
Lp(a) in the sample causes agglutination of latex particles coated with 
antibodies against Lp(a); the cut-off value for the consideration as 
elevated Lp(a) levels was ≥30 mg/dL [40].

Statistical analysis

Qualitative variables were expressed as absolute and relative 
frequencies, assessed through the χ2 test and the Z test for Proportions. 
Distribution of continuous variables was evaluated by the Geary’s 
test. Results were expressed as medians (p25-p75), assessing 
differences through Mann-Whitney’s U Test or One-Way ANOVA 
with Bonferroni correction as required. Additionally, an ordinal 
logistic regression model was constructed, wherein the dependent 
variable included coronary risk categories for our population (low, 
moderate, high and very high), while the independent variables 
selected were: Gender, age groups, ethnic groups, occupational status, 
socioeconomic status, marital status, alcohol consumption (drinker 
and non-drinker), BMI, presence of insulin resistance (HOMA2-
IR≥2), elevated Lp[a] (Lp[a] ≥30mg/dL) and fasting glycemic status. 
Regression coefficients (β) were calculated with their corresponding 
confidence intervals (CI95%), along with Odds Ratios (eβ) and their 
CI95%; as well as goodness of fit parameters and parallel line testing. 
The database analysis was done using the Statistical Package for the 
Social Sciences (SPSS) v. 20 for Windows (IBM Inc. Chicago, IL). 
Results were considered statistically significant when p<0,05.

Results
General characteristics of the population selected for 
coronary risk estimation

The overall sample was 2,230 individuals, but after applying the 
exclusion criteria a total of 1,378 subjects were used in this study, 
where 55.9% (n=770) were females and 44.1% (n=608) were males, 
with an arithmetic mean for age of 46.9±10.9 years. Sociodemographic 
and psychobiological characteristics according to glycemic status are 
presented in table 1.

Prevalence of type 2 diabetes mellitus and impaired fasting 
glucose

The overall (n=2,230) prevalence of DM2 in this investigation was 
8.4% (n=187), of which 5.8% (n=130) had previous diagnoses of DM2 
and 2.6% (n=57) were new cases (Figure 1A). A total of 435 (19.5%) 
individuals had IFG. However, in the subsample selected for coronary 
risk estimation (n=1,378), a greater prevalence of DM2 was observed 
(11.4%; n=157), as well as a larger proportion of subjects with IFG 
(23.5%; n=324); Figure 1B.

10-year coronary risk by glycemic status and gender

When evaluating coronary risk, a progressive increase was 
observed with 2.5% (1.2-5.0) for NG, 4.07% (2.09-6.62) for subjects 
with IFG, 4.59% (3.17-8.58) for new DM2 cases and 10.1% (6.1-14.1) 
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NG

(n=897) 
IFG 

(n=324)
DM2 *

(n=109) 
DM2 §

(48)
Total

(n=1,378)
n % n % n % n % n % 

Gender 
Female 529 59.0 163 50.3 55 50.5 23 47.9 770 55.9 
Male 368 41.0 161 49.7 54 49.5 25 52.1 608 44.1 
Age Groups (years) 
30-39 314 35.0 65 20.1 8 7.3 5 10.4 392 28.4 
40-49 284 31.7 114 35.2 28 25.7 20 41.7 446 32.4 
50-59 199 22.2 102 31.5 31 28.4 16 33.3 348 25.3 
60-69 80 8.9 32 9.9 33 30.3 4 8.3 149 10.8 
70-74 20 2.2 11 3.4 9 8.3 3 6.3 43 3.1 
Ethnic Groups 
Mixed Race 697 77.7 255 78.7 76 69.7 37 77.1 1065 77.3 
Hispanic White 139 15.5 47 14.5 19 17.4 7 14.6 212 15.4 
Afro-Venezuelan 24 2.7 13 4.0 5 4.6 2 4.2 44 3.2 
Indigenous American 32 3.6 8 2.5 8 7.3 1 2.1 49 3.6 
Others 5 0.6 1 0.3 1 0.9 1 2.1 8 0.6 
Marital Status 
Single 258 28.8 77 23.8 20 18.3 15 31.3 370 26.9 
Married 555 61.9 214 66.0 73 67.0 28 58.3 870 63.1 
Widowed 29 3.2 11 3.4 9 8.3 3 6.3 52 3.8 
Divorced 55 6.1 22 6.8 7 6.4 2 4.2 86 6.2 
Occupational Status 
Employed 602 67.1 216 66.7 57 52.3 29 60.4 904 65.6 
Unemployed 295 32.9 108 33.3 52 47.7 19 39.6 474 34.4 
Socioeconomic Status 
Classes I and II 173 19.3 68 21.0 16 14.7 9 18.8 266 19.3 
Class III 358 39.9 126 38.9 34 31.2 18 37.5 536 38.9 
Classes IV and V 366 40.8 130 40.1 59 54.1 21 43.8 576 41.8 
Alcohol Consumption ¥ 
Drinkers 253 28.2 122 37.7 22 20.2 15 31.3 412 29.9 
Non-Drinkers 644 71.8 202 62.3 87 79.8 33 68.8 966 70.1 
Smoking Habits 
Current Smokers 127 14.2 55 17.0 20 18.3 10 20.8 212 15.4 
Non-Smokers 595 66.3 207 63.9 57 52.3 32 66.7 891 64.7 
Past Smokers 175 19.5 62 19.1 32 29.4 6 12.5 275 20.0 
NG: Normoglycemics. IFG: Impaired Fasting Glucose. DM2: Type 2 Diabetes Mellitus.
*Previously diagnosed Type 2 Diabetes Mellitus. § Newly-diagnosed Type 2 Diabetes Mellitus.
¥ Drinker defined as ≥1 gram of alcohol per day. 

Table 1: General characteristics of the studied population by glycemic status. Maracaibo City Metabolic Syndrome Prevalence Study, 2014.

for individuals with previously diagnosed DM2; p=8,64x10-4; Figure 
2A. A similar pattern was observed when evaluated by gender, with 
a significantly higher coronary risk was observed in NG men [3.28% 
(1.85-5.87)] vs. NG women [2.05% (0.71-4.41); p=1,29x10-13]; and 
in IFG men [4.90% (3.07-7.62)] vs. IFG women [2.75% (1.34-5.65); 
p=1,82x10-8]); see Figure 2B. Risk was greater in diabetics, yet no 
gender differences were obtained.

10-year coronary risk by glycemic status and 
sociodemographic variables

The behavior of coronary risk by glycemic status and 
sociodemographic variables is shown in table 2. Regarding age 
groups, a rise in risk was observed as age increased in all glycemic 
status categories, with significant differences among all age groups 
within NG and IFG subjects, with the exception of the 60-69 and 70-
74 age groups. Previously diagnosed diabetics in the 30-39 and 40-
49 age groups exhibited significant differences in coronary risk with 

respect to older groups (p=8.99x10-4); whilst among newly-diagnosed 
diabetics, significant differences were only found between the 70-
74 years group with respect to all younger categories (p=2.77x10-4). 
Although no differences in coronary risk were found among 
socioeconomic strata in any glycemic status category, when assessing 
according to occupational status, unemployed subjects were shown to 
have a greater risk in all of these categories, except in newly-diagnosed 
diabetics (p=0.65). Finally, in regards to marital status, differences in 
coronary risk were only found within NG subjects, between widowed 
subjects and all other classifications (p=0.001).

Coronary risk, glycemic status, and psychobiological 
habits

When assessing coronary risk by glycemic status and smoking 
habits (Table 2), NG current smokers appear to have a significantly 
higher coronary risk when compared to past smokers and non-
smokers (p=1.19x10-5 and p=5.10x10-9, respectively); whereas IFG 
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DM2 §

DM2 *

IFG

NG

Glycemic Status2.56%

5.83%

19.51%

72.06%

General Population (n=2,230)
Population selected for Coronary

Risk Estimation (n=1,378)

NG: Normoglycemics. IFG: Impaired Fasting Glucose. DM2: Type 2 Diabetes Mellitus.
*Previously diagnosed Type 2 Diabetes Mellitus. § Newly-diagnosed Type 2 Diabetes Mellitus.

Figure 1: Prevalence of Type 2 Diabetes Mellitus and Impaired Fasting Glucose.  Maracaibo City Metabolic Syndrome Prevalence Study, 2014.
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Post-Hoc Tukey Analysis:
ª General Population NG vs IFG p=9.78x10-6 ; NG vs DM2* p=4.34x10-13 ; NG vs DM2 § p=7.59x10-6 ; IFG vs DM2* p=4.34x10-13 ; DM2* vs DM2 § p=7.10x10-8.
b Females: NG vs DM2* p=4.20x10-13 ; NG vs DM2 § p=0.010 ; IFG vs DM2* p=4.20x10-13 ; DM2* vs DM2 § p=7.10x10-8.
c Males: NG vs IFG p=0.002 ; NG vs DM2* p=4.01x10-13 ; NG vs DM2 § p=0.004 ; IFG vs DM2* p=9.42x10-11 ; DM2* vs DM2 § p=9.42x10-11

NG: Normoglycemics. IFG: Impaired Fasting Glucose. DM2: Type 2 Diabetes Mellitus.
*Previously diagnosed Type 2 Diabetes Mellitus. § Newly-diagnosed Type 2 Diabetes Mellitus.

ªOne-Way ANOVA with Bonferroni correction:
p=8.64x10-4

ªOne-Way ANOVA with Bonferroni correction:
bFemales: p=2.37x10-4 cMales: p=1.53x10-4

Figure 2: Ten-year coronary risk by gender and glycemic status. Maracaibo City Metabolic Syndrome Prevalence Study, 2014.

non-smokers showed a lower risk in comparison to current and past 
smokers (p=8.92x10-5 and p=0.010, respectively). Although previously 
diagnosed diabetics did not show differences in coronary risk 
regarding smoking status; differences were found between current 
smokers and non-smokers in newly-diagnosed diabetics (p=0.007). 
Concerning alcoholic habits, a significantly higher coronary risk was 
only found in habitual drinkers vs non-drinkers in the IFG (p=0,013) 
and newly-diagnosed DM2 groups (p=0,027).

Glycemic status and coronary risk categories

Figure 3A depicts the distribution of subjects according to 
coronary risk categories and glycemic status, obtaining a statistically 
significant association: χ2=272.422 (p=0.001). Nonetheless, when 

excluding diabetics and reassessing this relationship with only NG 
and IFG subjects, the degree of association was considerably inferior 
albeit still statistically significant: χ2 =27.393; p=0.001 (Figure 3B). 
Additionally, there was a significantly greater proportion of NG and 
IFG subjects in the Low and Moderate Risk categories in comparison 
to further stages (p<0.05). Furthermore, the proportion of previously 
diagnosed diabetics was significantly larger than NG and IFG in the 
High and Very High Risk groups; whereas the percentages of newly-
diagnosed diabetics remained similar across risk categories. Finally, 
Table 3 exhibits the multivariate analysis between glycemic status and 
coronary risk categories excluding diabetic subjects, presenting the 
respective coefficients and odds ratios for several adjusting factors, 
for IFG in comparison to NG [OR: 1.46 (1.06-2.14); p=0.05].
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10-year Coronary Risk (%) 

  
NG IFG DM2 * DM2 § 

Median p25-p75 p Median p25-p75 p Median p25-p75 p Median p25-p75 p 

Age Groups (years)a 2.28x10-4 2.60x10-4 8.99x10-4 2.77x10-4 

30-39 0.91 (0.4-1.8) 1.68 (0.8-3.0) 3.07 (1.4-5.4) 1.20 (0.7-1.2) 

40-49 2.62 (1.5-3.6) 2.99 (1.8-5.3) 5.32 (3.4-8.6) 4.16 (3.0-4.1) 

50-59 5.09 (3.3-7.7) 5.22 (3.6-7.5) 11.29 (7.1-12.6) 5.07 (4.0-5.0) 

60-69 7.52 (5.1-9.7) 8.89 (7.1-10.1) 14.92 (9.5-17.3) 9.71 (5.6-9.7) 

70-74 7.77 (4.8-11.8) 6.98 (5.5-9.8) 14.18 (9.1-18.6) 14.82 (13.7-14.8) 

Socioeconomic 
Statusa 0.081 0.168 0.546 0.795 

Classes I and II 2.67 (1.3-5.4) 3.82 (1.7– 6.4) 8.03 (4.2-14.5) 5.26 (4.0-7.1) 

Class III 2.70 (1.0-4.4) 3.98 (2.1-6.2) 10.76 (7.1-13.5) 4.75 (2.9-13.7) 

Classes IV and V 2.92 (1.2-5.4) 4.21 (2.4-7.5) 10.17 (5.3-15.2) 4.48 (3.4-7.9) 

Marital Statusa 5.38x10-4 0.405 0.698 0.852

Single 1.95 (0.8-3.9) 3.18 (1.7-5.6) 6.56 (4.9-12.7) 4.48 (1.3-8.5) 

Married 3.00 (1.3-5.2) 4.15 (2.1-6.5) 10.00 (6.5-15.1) 5.07 (3.9-8.6) 

Widowed 5.71 (2.9-7.8) 6.39 (3.5-9.0) 10.17 (8.5-13.2) 3.99 (2.1-14.8) 

Divorced 2.63 (1.1-5.0) 4.02 (2.3-3.9) 11.38 (3.8-13.0) 4.01 (3.1-5.5) 

Occupational Statusb 0.001 0.004 0.044 0.480

Employed 2.38 (1.0-4.1) 3.46 (2.0-5.6) 8.92 (5.2-12.8) 4.48 (3.2-7.92) 

Unemployed 3.22 (1.3-6.0) 5.10 (2.4-8.2) 11.44 (6.7-15.0) 5.54 (2.6-12.0) 

Smoking Habitsa 1.05x10-

12 2.29x10-5 0.726 0.029

Current Smokers 2.25 (0.94-4.0) 3.32 (1.7-5.8) 10.17 (6.2-14.9) 4.30 (2.3-6.8) 

Non-Smokers 3.50 (1.3-5.2) 5.36 (2.8-8.1) 9.08 (6.2-14.9) 4.52 (3.9-8.5) 

Past Smokers 3.96 (2.3-8.28) 5.26 (2.7-9.2) 10.12 (6.6-14.5) 8.80 (5.5-16.3) 

Alcohol Consumption 
¥b 0.093 0.013 0.708 0.027 

Drinkers 3.00 (1.4-5.1) 4.72 (2.6-7.1) 9.46 (6.6-12.9) 6.05 (3.7-11.9) 

Non-Drinkers 2.60 (1.0-4.9) 3.59 (1.7-6.3) 10.72 (5.5-14.6) 4.33 (2.1-7.6) 

NG: Normoglycemics. IFG: Impaired Fasting Glucose. DM2: Type 2 Diabetes Mellitus.
*Previously diagnosed Type 2 Diabetes Mellitus. § Newly-diagnosed Type 2 Diabetes Mellitus.
¥ Consumption of ˃1 grams of alcohol a day.
 a. One-Way ANOVA with Bonferroni correction.   b. Mann-Whitney’s U Test. 

Tabla 2: Ten-year coronary risk by glycemic status, sociodemograhic characteristics and psychobiological habits. Maracaibo City Metabolic Syndrome Prevalence 
Study, 2014.

Coronary risk and metabolic control in diabetics

Evaluation of coronary risk in previously diagnosed diabetics 
(Figure 4) revealed a significantly greater risk in poorly-controlled 
subjects in comparison to their well-controlled counterparts [11.28 
(6.90- 15.22) vs 7.01 (4.66-12.81); p=0.044].

Discussion
T2DM is one of the most prevalent, incapacitating, and expensive 

non-communicable diseases worldwide [1,3,4]. With over 382 
million people diagnosed in the United States and over 1.2 million 
people in Venezuela [1], it has spread in a pandemic behavior [41] 
Prediabetes, a premorbid state which is characterized by non-
diabetic hyperglycemia [7] is also alarmingly rising, with a projection 

of 472 million people worldwide by the year 2030 [5]. The deadly 
relationship between cardiovascular disease and T2DM is widely 
known, especially after the “coronary heart disease equivalent” was 
published [42], which stated that a diabetic patient has the same 
cardiovascular-related death risk as a non-diabetic person who had 
survived a myocardial infarction. 

The present study conveys the results obtained after assessing 
the epidemiologic behavior of coronary risk using the Framingham-
Wilson Equation after recalibration for our population [26], focusing 
on glycemic status and how such cardiovascular risk is modified by 
it. The Framingham-Wilson formula can only be applied to subjects 
between 30-74 years of age, which was the age interval convened 
during its design and validation in the Framingham study [32], and 
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NG: Normoglycemics. IFG: Impaired Fasting Glucose. DM2: Type 2 Diabetes Mellitus.
*Previously diagnosed Type 2 Diabetes Mellitus. § Newly-diagnosed Type 2 Diabetes Mellitus.

NG
IFG
DM2 *

Glycemic Status

DM2 §
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Figure 3: Glycemic status by coronary risk categories in the general population. Maracaibo City Metabolic Syndrome Prevalence Study, 2014.

β (CI95%)a pb OR (CI95%)c 

Gender 
Male 1.51 (1.10 - 1.93) <0.01 4.53 (3.01 - 6.90) 

Female 0 - 1.00 
Alcohol Consumption 

Drinkers 0.22 (-0.18 - 0.62) 0.27 1.25 (0.84 - 1.86) 
Non-Drinkers 0 - 1.00 

Insulin Resistance 
Present 0.34 (-0.06 - 0.73) 0.09 1.46 (0.94 - 2.08) 
Absent 0 - 1.00 

BMI Classification 
Obese 0.56 (0.21 - 1.10) 0.04 1.75 (1.23 - 3.00) 

Overweight 0.60 (0.07- 1.13) 0.03 1.86 (1.07 - 3.10) 
Normal weight 0 - 1.00 

Glycemic Status 
Impaired Fasting Glucose 0.38 (0.06 - 0.76) 0.05 1.46 (1.06 - 2.14) 

Normoglycemics 0 - 1.00 
a. Coefficient and Confidence Interval (95%). b. Significance. c. Odds ratio (eβ) e Confidence Interval (95%)
Adjusted for: Gender, ethnic groups, occupational status, socioeconomic status, marital status, alcohol consumption, BMI classification, presence of insulin 
resistance and elevated Lp(a). 
Model adjustment information: (χ2 = 455.50; p<0.01) 
Pseudo R-Squared:  Cox and Snell (0.41) - Nagelkerke (0.52) - McFadden  (0.33)
Parallel line test: (χ2 = 1.20; p=1.00) 

Tabla 3: Ordinal logistic regression model for coronary risk categories and glycemic status. Maracaibo City Metabolic Syndrome Prevalence Study, 2014.

in spite of this limitation, it is perhaps the most commonly applied 
formula for coronary risk estimation [43]. However, there has been 
concern relating to overestimation in Hispanic populations [23,24], 
and recalibration of the formula has been implemented as one of the 
tools to overcome this flaw [23-26].

The present results show that when assessing coronary risk by 
glycemic status, IFG and diabetic individuals obtained a higher risk 
than their NG counterparts, yet no differences in risk were found 
between IFG and newly-diagnosed diabetics, similar to findings 
published by Baena Díez et al. [44] dysglycemia and likelihood 
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Figure 4: 10-year coronary risk by metabolic control status in subjects with previously diagnosed Type 2 Diabetes Mellitus.  Maracaibo City Metabolic Syndrome 
Prevalence Study, 2014.

of cardiovascular risk. Exploration of IFG subjects revealed these 
show significantly higher hypertriacylglyceridemia, insulin levels, 
HOMA2-IR, BMI and waist circumference values compared to NG 
individuals. This behavior reflects the close link between visceral 
adiposity, insulin resistance and progression to DM2 [45], which 
only highlights that weight loss, physical activity and hypocaloric 
diets are key players in the management of IFG subjects, aiding in 
decrease of cardiovascular risk and progression to T2DM [46]. 
Future prospective studies are needed to evaluate which metabolic 
control surrogate (and corresponding cut-off point) should be used 
according to pharmacological treatment, evolution of prediabetes/
diabetes, weight control, physical activity, nutritional variables and 
comorbidities observed in the patients.

Assessment of coronary risk by gender in each glycemic status 
group revealed that IFG men have a significantly higher risk than 
their female counterparts, similar to previous results from Modrego 
et al. [47]; however, it should be noted that coronary risk remained 
similar between genders among diabetics, demonstrating the role 
of T2DM as a gender-independent cardiovascular risk factor [48]. 
Although the presence of IFG has been associated with increased 
cardiovascular risk through its association with comorbities such as 
dyslipidemia and hypertension [49], several studies have proposed 
possible mechanisms which chronic IFG may trigger endothelial 
dysfunction, or at least, play a role in atherogenesis by increasing 
production of reactive oxygen species [50], advanced glycation end-
products [51], and inducing low-grade inflammation [52]. Likewise, 
elements such as physical inactivity, lipid-rich and carbohydrate-
rich diets have been linked with prediabetic states [53], yet few 
studies explore the relationship of these sociodemographic aspects 

with cardiovascular risk. A previous report by our research group 
described the influence of variables such as socioeconomic status 
on cardiovascular risk [25]. Although, when evaluating coronary 
risk in glycemic status categories –particularly in the IFG group– no 
differences were evidenced regarding ethnicity, socioeconomic strata 
or marital status; in fact, only unemployed IFG individuals presented 
a significantly higher risk with respect to the employed population. 

Finally, a ordinal logistic model regression was constructed 
using variables that would help evaluate the impact of glycemic 
state in coronary risk; thus we didn´t include HDL-c because it is 
a variable already contained in the Framingham-Wilson Equation, 
and therefore it would generate autocorrelation of results. We also 
didn´t include LDL and TAG because this lipoproteins are usually 
altered in T2DM [54], and the risk of their elevation is actually higher 
when prediabetes and diabetes is diagnosed [55,56]. We decided to 
evaluate the role of Lp(a) because in a previous investigation from our 
laboratory, Lp(a) was higher in subjects with metabolic syndrome and 
all its components except hyperglycemia [25] sustaining a possible 
protective role of IFG against elevated Lp(a) levels. Such results are in 
accordance to those from Onat et al. [57] who published that IFG in 
subjects without metabolic syndrome reduced future cardiovascular 
risk, but in the presence of metabolic syndrome this phenomena is 
modified due to the presence of activated Lp(a). 

Therefore, this model used the Lp(a) variable to evaluate how 
IFG is associated with coronary risk. The model showed that 
indeed IFG offered a greater probability of belonging to the higher 
categories of cardiovascular risk, and the fact that Lp(a) enhanced 
this phenomena can be associated to a more prothrombotic effect 
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when these alterations are coexisting [57]. The association between 
dysglycemia and Lp(a) levels is quite interesting. In animal models 
[58] and clinical studies [59], it was observed that insulin inhibits 
apoprotein(a) synthesis and therefore seemed to act as a protector 
against hyperlipoproteinemia(a). However, the natural progression 
from prediabetes towards diabetes states a progressive loss of beta cell 
function and lower insulin levels [60], which could be associated to 
rising levels of Lp(a) in some individuals and enhanced prothrombotic 
effects when dysglycemia and hyperlipoproteinemia(a) are present.

There are limitations to this study, such as lack of postprandial 
glycemia and HbA1c which could improve and widen the results 
concerning prediabetes and cardiovascular risk. Follow-up studies 
are being developed to evaluate these 2 variables and estimate their 
impact on cardiovascular risk in our population. 

We can conclude that 10-year coronary risk scores from the 
recalibrated Framingham-Wilson equation were significantly 
higher in subjects with IFG. In our population, this increased risk 
is influenced by Lp(a), sociodemographic and psychobiological 
traits, such as marital and occupational status, smoking and alcohol 
consumption. Future studies should be directed to exploration of 
these specific variables, and to determine the impact of intensive 
therapeutic management in these patients, especially in light of recent 
results from the Diabetes Prevention Program, which concluded that 
restoration of normal glucose levels in prediabetic patients reduces 
significantly cardiovascular risk [61]. 
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