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Abstract

Aims

To determine the prevalence, treatment and control of diabetes mellitus (DM) and impaired

fasting glucose (IFG) as well as associated factors in the adult population of four cities of the

Southern Cone of Latin America (SCLA).

Methods

This is a cross-sectional population-based study that included 7407 adults between 35 and

74 years old in four cities of the SCLA: Temuco (Chile), Marcos Paz and Bariloche (Argen-

tina), and Pando-Barros Blancos (Uruguay). DM was defined as fasting plasma glucose

�126 mg/dL or self-reported history of diabetes. Awareness, treatment, and control of

DM were defined as subjects self-reporting a DM previous diagnosis, the use of a prescrip-

tion medication or nonpharmacological intervention for DM, and fasting plasma glucose

<126 mg/dl, respectively.

Results

Prevalence of DM varied among cities, between 8.4% in Bariloche and 14.3% in Temuco.

Prevalence of IFG varied at different sites, from 3.5% in Barros Blancos to 6.8% in Marcos

Paz. Of the total number of people with diabetes, 20% were newly diagnosed at the time of

the study. Overall, 79.8% of patients with diabetes were aware of their condition. The treat-

ment and control rate were 58.8% and 46.2%, respectively. Older age, family history of dia-

betes, lower educational attainment, overweight, obesity, central obesity, low physical

activity, hypertension, hypercholesterolemia and hypertriglyceridemia were all significantly

associated with an increased risk of diabetes.
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Conclusions

The prevalence of DM and IFG in the adult population of the SCLA is high and varies among

cities. These conditions represent a public health challenge since the rates of awareness,

treatment, and control are still low.

Introduction

An increase in the prevalence of diabetes mellitus (DM) has been recently observed worldwide,

in both developed and developing countries. [1–5] According to the International Diabetes

Federation (IDF), 8.3% of adults, around 592 million people, suffer from diabetes around the

world, and 77% of them live in low and middle income countries (LMIC), where the epidemic

is growing at alarming rates. If this trend continues, by 2035 more than 470 million people,

that is approximately one adult in 10, will have diabetes. Additionally, since that nearly half of

those cases are currently undiagnosed, a huge amount of people with diabetes may be pro-

gressing towards complication unaware. [6]

In addition, diabetes is a major risk factor for cardiovascular disease (CVD), the top cause

of death in the world [7]. It was estimated that high blood glucose levels accounted for 21% of

deaths from ischemic disease, and 13% of all deaths from stroke worldwide. Eighty four per-

cent of these CVD deaths that are attributable to DM occur in LMIC [8].

In Latin America (LA), it is estimated that around 24.1 million people (8.0% of the adult

population) suffer from diabetes. [6] As urbanization increases and populations grow older,

diabetes may became an even higher priority for the local health systems. In recent years, sev-

eral population-based surveys have been carried out to determine the prevalence of diabetes in

the region, which have contributed substantially to improving the global estimates. However,

most of them are based on self-report only, and do not include laboratory measures, which

may significantly underestimate the true prevalence of this condition.

The CESCAS I study is a population-based cohort study designed to examine CVD deter-

minants and risk factors prevalence and incidence, and their prospective associations with

CVD in four cities of the Southern Cone of Latin America (SCLA). [9] Here, we present the

prevalence of diabetes (DM), impaired fasting glucose (IFG) and associated factors from the

baseline analysis of the CESCAS I study in order to provide current and reliable data as well as

rates of awareness, treatment and control in the adult population between 35 to 74 years old.

These results will help inform key stakeholders and policymakers in their combating the chal-

lenge related to diabetes in the Southern Cone.

Material and methods

Sample design

A detailed description of the study population and design has been presented elsewhere. [10]

Briefly, the CESCAS I study used a 4-stage multistage random sample of a general population

of 7,524 adults aged 35–74 years from four mid-sized cities in Argentina (Bariloche and Mar-

cos Paz), Chile (Temuco) and Uruguay (Canelones-Barros Blancos). In the first stage, census

radii were randomly selected from each of the four locations, stratified by socio-economic

level. In the second stage, a number of blocks proportional to the radius size were randomly

selected. In the third stage, households within each block were selected by systematic random

sampling. All members between 35–74 years in the selected households were listed to create

Diabetes prevalence, awareness, treatment and control in Latin America

PLOS ONE | https://doi.org/10.1371/journal.pone.0183953 September 6, 2017 2 / 13

https://doi.org/10.1371/journal.pone.0183953


the study sampling frame. In the final stage of sampling, one listed member per household was

randomly selected to be included in the study.

The overall response rate was 73.4% and the response rates were similar across different

locations. The present analysis was restricted to the 7,407 adults who had Fasting Plasma Glu-

cose (FPG) measured, representing 98.44% of the total population of the CESCAS I Study.

The study protocol was approved by IRBs in all participating institutes in Argentina, Chile,

Uruguay and the US, including the Institutional Review Board from Hospital Italiano in

Argentina, the Araucanı́a Sur IRB from the Universidad de la Frontera in Chile, the Universi-

dad de la República IRB from Uruguay, and the Tulane University Human Research Protec-

tion Office. All study participants provided written informed consent.

Data collection and laboratory methods

Study data were collected through standardized questionnaires administered at home by

trained interviewers while physical and laboratory measurements were conducted at a clinic

visit. During the home survey, information on socio- demographic characteristics and lifestyle

factors was obtained, including questions about previous diagnosis, treatment, and family his-

tory of DM. Physical activity was measured using the International Physical Activity Question-

naire—Short Form [11]. For each individual, the reported activities were converted into their

metabolic equivalent (MET). Low activity was defined as less than 600 MET-minutes/week of

total physical activity [12]. Fruit and vegetable intake was measured using a semi-quantitative,

self-administered food frequency questionnaire adapted from the NCI Dietary History Ques-

tionnaire and validated in Argentina, Chile, and Uruguay [13, 14]. Low fruit and vegetable

intake was defined as less than 5 servings per day.

During the clinic visit, blood pressure (BP) and anthropometric measurements were taken

by trained and certified examiners using standard protocols. Overnight fasting (�10 hours)

blood specimens were obtained to determine plasma glucose by use of vacuum tubes contain-

ing sodium fluoride. Plasma glucose level was measured by using the UV hexokinase enzy-

matic method (AU5800 Beckman Coulter automatic clinical analyzer). Total cholesterol,

HDL-cholesterol, triglycerides, and creatinine were also measured using standard methods.

LDL-cholesterol was calculated applying the Friedewald equation for participants who had less

than 400 mg/dL triglycerides [15].

DM was defined as FPG�126 mg/dL or self-reported history of diabetes [16]. During the

home interview, participants were asked if they have ever been told by a doctor or other health

professional that they had diabetes (except during pregnancy). Those who answered “yes” to

this question were classified as having previously diagnosed DM. Subjects that answered “No”

to this question but had FPG�126 mg/dL were classified as having unknown DM. IFG was

defined as FPG� 110 mg/dL and<126 mg/dL according to WHO diagnostic criteria [WHO].

Awareness of DM was defined as participants’ self-reporting of a previous diagnosis of DM

made by a health professional. Treatment of DM was defined as use of prescription medica-

tions to lower the blood glucose level, at the time of the home interview. Control of DM was

defined as pharmacological treatment of DM associated with FPG<126 mg/dl. We also calcu-

lated the overall control rate among all patients suffering from diabetes, including those receiv-

ing or not receiving pharmacological treatment.

Statistical analyses

This study was designed to provide precise estimates of prevalence rates of IFG and DM by

gender, age groups (35–44 years, 45–54 years, 55–64 years, and 65–74 years), and city. The

sample size was estimated to meet recommended requirements for precision in a complex
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survey [17]. Prevalence rates were weighted on the basis of the population distribution of the

four cities in terms of gender and age according to 2010 census data. [18] Standard errors were

calculated taking into account the complex survey design. Age standardized estimates of prev-

alence were calculated by the direct method, based on the World Standard Population as rec-

ommended by the World Health Organization. [19] Logistic regression analysis was used to

evaluate the association between socio-demographic, lifestyle, and metabolic risk factors and

presence of DM. All data analyses were conducted using SAS 9.3 (SAS Institute, Cary NC) and

Stata 13.0 (StataCorp. 2013. College Station, TX: StataCorp LP)

Results

Characteristics of the study participants according to fasting plasma glucose categories, and

stratified by gender are shown in Table 1. A total of 3 103 men and 4 304 women were

included. The average age was lower in the normal fasting glucose group in comparison with

the other categories for both men and women. The four groups did not differ in the level of

educational attainment for men but women showed a greater proportion of lower educational

level in the DM groups. Low intake of fruit and vegetables and low physical activity were highly

frequent and not significantly different across all categories, with higher levels of low physical

activity in women than men. Hypertension, obesity and central obesity were more prevalent

among the IFG and DM groups in both men and women.

Table 2 shows the prevalences of IFG and DM by participant characteristics. The prevalence

of DM among the adult population aged 35–74 years old varied between 8.4% in the city of

Bariloche and 14.3% in Temuco. The prevalence of IFG varied at different sites, between 3.5%

in Barros Blancos and 6.8% in Marcos Paz. Of the total number of people with DM, 20% were

newly diagnosed at the time of the study. Prevalence of IFG was higher in men than women

(5.9%, 95%CI 5.0–6.9 vs 3.4%, 95%CI 2.7–4.0) while DM was significantly higher in women

than men (14.0%, 95%CI 12.8–15.3 vs 10.6%, 95%CI 9.4–11.7). The prevalences of both IFG

and DM were increasingly higher with age. The prevalence of DM was higher among individu-

als with lower education. Prevalences of IFG and DM increased progressively with higher

body mass index and waist circumference.

Overall, 79.8% of people individuals with diabetes were aware of their condition, and 73.6%

of those aware were receiving antidiabetic medication. Of those receiving pharmacological

treatment, 49.2% had FPG <126 mg/dl. The treatment and control rate in the group with DM

was 58.8% and 46.2%, respectively (Table 3). Among persons who had reported a prior diagno-

sis of DM, the overall rate of control was 58.3%. Although the treatment rate did not differ sig-

nificantly between men and women, both awareness and control rates were higher in women

compared to men. Rates of awareness, treatment, and control did not significantly differ across

age-groups or educational attainment. The rates of awareness and control were the lowest in

Marcos Paz (Argentina) whereas the treatment rate was the lowest in Canelones-Barros Blan-

cos (Uruguay). Awareness and control rates were lower among obese subjects.

In the multivariable analysis, older age, family history of diabetes, lower educational

attainment, overweight, obesity, central obesity, low physical activity, hypertension, hypercho-

lesterolemia and hypertriglyceridemia were all significantly associated with an increased risk

of diabetes (Table 4). Additionally, the association with male gender was marginally

significant.

A high prevalence of other cardiometabolic risk factors was found in patients suffering

from DM. As shown in Fig 1, 57.3% of individuals with diabetes were obese, 77.2% had central

obesity, 62.7% were hypertensive, 38.9% had hypercholesterolemia and 34.4% had

hypertriglyceridemia.
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Table 1. Characteristics of study participants according to fasting plasma glucose categories* among men and women aged 35–74 years in the

Southern Cone of Latin America*.

Normal fasting glucose Impaired fasting glucose Newly diagnosed diabetes Previously-diagnosed diabetes

Men

No. (%) 2477 (79.8) 211 (6.8) 117 (3.8) 298 (9.6)

Age (years) 49.5 (49.1, 50.0) 53.2 (51.4, 54.9) 53.1 (50.9, 55.3) 58.8 (57.4, 60.3)

Family history of diabetes (%) 24.1 (22.0, 26.2) 31.0 (23.0, 38.9) 31.2 (20.1, 42.4) 44.7 (38.0, 51.3)

Education

Primary school (%) 32.8 (30.7, 34.9) 31.4 (24.4, 38.4) 38.0 (27.9, 48.0) 33.6 (27.9, 39.3)

High school (%) 42.0 (39.7, 44.3) 49.0 (40.6, 57.4) 40.9 (29.8, 52.0) 48.4 (41.8, 55.0)

University (%) 25.2 (23.0, 27.4) 19.6 (12.3, 26.9) 21.2 (11.2, 31.1) 17.9 (12.3, 23.5)

Current smoking (%) 35.0 (32.8, 37.3) 24.2 (17.0, 31.4) 29.4 (18.8, 40.1) 21.3 (15.8, 26.7)

Alcohol drinking (%) 59.3 (57.0, 61.6) 57.9 (49.5, 66.2) 53.9 (42.8, 64.9) 53.2 (46.5, 59.9)

Low intake of fruit and vegetables (%) 90.4 (89.1, 91.7) 87.9 (83.1, 92.8) 93.9 (89.7, 98.1) 82.2 (77.4, 87.0)

Low physical Activity (%) 25.0 (23.0, 27.1) 29.7 (21.7, 37.6) 36.4 (25.9, 46.9) 27.2 (21.3, 33.1)

Overweight (%) 49.9 (47.5, 52.2) 36.8 (28.7, 44.9) 34.7 (24.1, 45.3) 41.9 (35.3, 48.4)

Obesity (%) 27.9 (25.8, 29.9) 53.3 (45.0, 61.6) 59.0 (48.2, 69.8) 46.0 (39.4, 52.6)

Central obesity (%) 31.2 (29.1, 33.3) 57.0 (48.7, 65.3) 70.7 (61.3, 80.0) 54.7 (48.1, 61.3)

Hypertension (%) 40.5 (38.3, 42.8) 65.1 (57.1, 73.2) 68.1 (58.1, 78.2) 64.7 (58.1, 71.4)

Hypercholesterolemia (%) 22.1 (20.2, 24.0) 20.2 (14.2, 26.2) 23.3 (14.4, 32.1) 37.4 (30.7, 44.0)

High LDL-cholesterol (%) 21.3 (19.4, 23.1) 17.9 (12.3, 23.5) 21.2 (12.5, 29.9) 33.6 (27.0, 40.1)

Low HDL-cholesterol (%) 45.1 (42.8, 47.4) 54.2 (45.9, 62.4) 51.8 (40.7, 62.8) 55.1 (48.3, 61.8)

Hypertriglyceridemia (%) 26.8 (24.7, 29.0) 45.2 (36.7, 53.6) 64.0 (54.2, 73.8) 33.0 (26.5, 39.5)

Women

No. (%) 3461(80.8) 177(4.1) 107(2.5) 539(12.6)

Age (years) 50.3 (49.9, 50.7) 56.1 (54.0, 58.3) 58.2 (56.2, 60.3) 55.5 (54.3, 56.8)

Family history of diabetes (%) 25.1 (23.2, 27.0) 29.3 (20.5, 38.2) 25.4 (14.9, 35.9) 42.2 (36.9, 47.5)

Education

Primary school (%) 32.7 (30.9, 34.5) 40.3 (31.5, 49.1) 63.8 (52.1, 75.5) 45.8 (40.6, 51.0)

High school (%) 42.7 (40.6, 44.8) 42.5 (32.7, 52.3) 31.5 (20.0, 43.0) 36.1 (30.9, 41.3)

University (%) 24.6 (22.6, 26.6) 17.2 (9.5, 24.9) 4.7 (0.0, 9.7) 18.1 (13.6, 22.7)

Current smoking (%) 28.3 (26.4, 30.2) 17.3 (8.7, 25.9) 19.6 (10.6, 28.7) 19.0 (14.6, 23.4)

Alcohol drinking (%) 33.1 (31.1, 35.1) 29.7 (21.0, 38.3) 24.8 (14.3, 35.3) 25.1 (20.2, 29.9)

Low intake of fruit and vegetables (%) 81.9 (80.3, 83.5) 74.6 (66.3, 83.0) 83.3 (74.5, 92.0) 80.8 (77.0, 84.7)

Low physical activity (%) 35.8 (33.8, 37.9) 44.1 (34.6, 53.7) 42.4 (30.5, 54.2) 45.1 (39.9, 50.3)

Overweight (%) 36.8 (34.7, 38.8) 31.3 (22.4, 40.3) 16.8 (8.2, 25.4) 31.1 (26.1, 36.1)

Obesity (%) 34.4 (32.4, 36.4) 61.6 (52.4, 70.9) 79.7 (70.8, 88.7) 59.7 (54.5, 64.9)

Central obesity (%) 64.0 (62.0, 66.0) 87.8 (82.2, 93.4) 96.1 (93.0, 99.2) 88.1 (84.6, 91.6)

Hypertension (%) 32.4 (30.6, 34.3) 57.2 (47.4, 67.0) 67.1 (55.9, 78.3) 59.7 (54.4, 65.1)

Hypercholesterolemia (%) 22.6 (21.0, 24.2) 29.3 (21.2, 37.4) 41.6 (30.1, 53.1) 43.2 (37.9, 48.4)

High LDL-cholesterol (%) 21.8 (20.2, 23.5) 23.0 (15.5, 30.6) 32.2 (21.1, 43.3) 40.7 (35.3, 46.0)

Low HDL-cholesterol (%) 21.5 (19.7, 23.4) 31.5 (22.7, 40.2) 35.9 (24.5, 47.4) 28.3 (23.4, 33.3)

Hypertriglyceridemia (%) 13.0 (11.7, 14.4) 22.8 (14.9, 30.6) 36.8 (25.6, 48.0) 27.4 (22.5, 32.2)

Values are percentage or mean (95% confidence interval). To convert the values for glucose to millimoles per liter, multiply by 0.05551. To convert the

values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. HDL

denotes high-density lipoprotein, and LDL low-density lipoprotein.

*Plasma glucose level was categorized as normal fasting glucose (<110 mg per deciliter), impaired fasting glucose (�110 and <126 mg per deciliter), newly

diagnosed diabetes (fasting glucose�126 mg per deciliter) and previously-diagnosed diabetes. Low fruit and vegetable intake was defined as <5 servings

per day; Low physical activity was defined as <600 MET-minutes/per week; Overweight: body-mass index�25 and <30 kg/m2; Obesity: body-mass index

�30 kg/m2; Central obesity: waist circumference�102 for men and�88 cm for women; Hypertension: systolic blood pressure�140 mm Hg and/or diastolic

blood pressure�90 mm Hg and/or use of antihypertensive medication; Hypercholesterolemia: total cholesterol�240 mg/dL and/or use of lipid-lowering

medication; Low HDL-cholesterol: HDL-cholesterol <40 mg/dL; High LDL-cholesterol: LDL-cholesterol�160 mg/dL and/or use of lipid-lowering medication;

Hypertriglyceridemia: triglyceride�200 mg/dL

https://doi.org/10.1371/journal.pone.0183953.t001
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Discussion

Our results indicate that the prevalence of DM in different cities of the Southern Cone of Latin

America goes from 8.4% in Bariloche (Argentina) to 11.9%, 14.2% and 14.3% in Marcos Paz

(Argentina), Barros Blancos (Uruguay) and Temuco (Chile) respectively, in adults between 35

and 74 years of age. Almost 20% of these cases were undiagnosed. The prevalence of IFG

reached 3.5%, 3.6%, 5.0% and 6.8% in Barros Blancos, Bariloche, Temuco and Marcos Paz,

respectively.

IFG and diabetes are rising globally as a consequence of population ageing, urbanization,

industrialization, and changes in lifestyle, including diet and physical activity. [1–6] Although

a few epidemiological studies of DM have been conducted in Latin America in recent years,

data on awareness, treatment, and control are scarce since most of these studies do not include

laboratory measurements. Precise and reliable information about the prevalence, awareness,

treatment, and control of DM are needed for evidence-informed decision making in public

health to combat this epidemic. To our knowledge, these are the first results from a

population-based study in this decade in the region with reliable estimates from blood

measurements.

Table 2. Estimated prevalence of impaired fasting glucose and diabetes among adults aged 35–74 years in the Southern Cone of Latin America.

IFG (FPG�110 and

<126 mg/dl)

% (CI 95%)

Newly diagnosed diabetes

(FPG�126 mg/dl)

% (CI 95%)

Previously-diagnosed diabetes

% (CI 95%)

Total diabetes

% (CI 95%)

Cities

Marcos Paz, Argentina 6.8 (5.7, 8.0) 4.2 (3.3, 5.2) 7.7 (6.5, 8.9) 11.9 (10.4, 13.4)

Bariloche, Argentina 3.6 (2.8, 4.4) 1.7 (1.1, 2.3) 6.7 (5.6, 7.7) 8.4 (7.2, 9.6)

Temuco, Chile 5.0 (4.0, 6.1) 2.7 (2.0, 3.4) 11.6 (10.1, 13.0) 14.3 (12.7, 15.8)

Barros Blancos, Uruguay 3.5 (2.5, 4.4) 2.1 (1.4, 2.8) 12.1 (10.5, 13.7) 14.2 (12.5, 15.9)

Sex

Men 5.9 (5.0, 6.9) 3.2 (2.5, 3.9) 7.4 (6.4, 8.3) 10.6 (9.4, 11.7)

Women 3.4 (2.7, 4.0) 1.9 (1.4, 2.3) 12.2 (11.0, 13.4) 14.0 (12.8, 15.3)

Age groups, years

35–44 3.0 (2.0, 4.0) 1.1 (0.5, 1.7) 5.0 (3.7, 6.2) 6.1 (4.7, 7.4)

45–54 4.3 (3.3, 5.3) 2.9 (2.1, 3.8) 8.2 (6.8, 9.6) 11.1 (9.5, 12.7)

55–64 6.3 (5.2, 7.5) 3.4 (2.5, 4.3) 15.0 (13.2, 16.7) 18.4 (16.5, 20.3)

65–74 6.9 (5.5, 8.3) 4.0 (2.9, 5.1) 20.1 (17.8, 22.3) 24.1 (21.7, 26.4)

Education level

Primary school 4.7 (3.9, 5.4) 3.5 (2.8, 4.2) 12.1 (10.8, 13.3) 15.6 (14.1, 17.0)

High school 5.0 (4.0, 6.0) 2.2 (1.6, 2.8) 9.5 (8.2, 10.7) 11.7 (10.3, 13.0)

University 3.6 (2.4, 4.8) 1.6 (0.8, 2.3) 7.5 (5.9, 9.2) 9.1 (7.3, 10.9)

Body mass index

<25.0 kg/m2 1.8 (1.0, 2.5) 0.6 (0.3, 0.9) 4.4 (3.4, 5.5) 5.0 (3.9, 6.1)

25.0–29.9 kg/m2 3.8 (3.0, 4.7) 1.7 (1.1, 2.2) 8.3 (7.2, 9.5) 10.0 (8.8, 11.2)

�30.0 kg/m2 7.2 (6.1, 8.4) 4.7 (3.8, 5.6) 15.2 (13.6, 16.8) 19.9 (18.1, 21.7)

Waist circumference

<102 cm in men and 88 cm in women 3.0 (2.3, 3.7) 1.0 (0.7, 1.4) 5.0 (4.2, 5.8) 6.0 (5.1, 6.9)

�102 cm in men and 88 cm in women 6.0 (5.1, 6.8) 3.8 (3.1, 4.5) 14.3 (13.0, 15.6) 18.1 (16.7, 19.5)

FPG: fasting plasma glucose. To convert plasma glucose to mmol/l, multiply values by 0.0555.

https://doi.org/10.1371/journal.pone.0183953.t002
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Previous national surveys or regional studies have documented a rapid increase in the prev-

alence of DM in the adult population in the region [5, 7, 20–26]. In Argentina, the National

Risk factor Survey conducted in 2013 showed a prevalence of DM of 9.8% in contrast to 9.6%

in 2009 and 8.4% in 2005. [20–23] However, these surveys included people 18 years and older,

and were based on self-report only, which may have contributed to some underestimation of

the true prevalence. The Health National Survey in Chile and the national Risk Factor Survey

in Uruguay reported a prevalence of DM of 9.4% and 7.8% in 2010 and 2013 respectively.

[24–26] Both surveys included people aged 15 years and older, and while the Chilean survey

had blood samples, the Uruguayan survey took blood specimens only in 54% of the sample

population. Ten years ago, the CARMELA study had reported a DM prevalence of 6.2% in the

city of Buenos Aires, and 7.2% in Santiago de Chile. [27] In other countries of Latin America,

the prevalence of diabetes varies widely. [6, 28, 29] However, comparisons between countries

should be carried out with caution due to differences in the methodologies employed.

In our population, the prevalence of DM varied highly between cities. This finding is in

accordance with the important variability observed among different areas in Argentina in the

National Risk Factors Survey (2009), where the prevalence of DM was 7.4% (95% CI 5.9–9.4%)

in the province of Jujuy in the north of the country and 13.0% (95% CI 11.0–15.4%) in the

province of Cordoba, in the central region. [21] In the same way, the Health National Survey

in Chile reported a prevalence of DM of 7.4% (95% CI 7.7–20.2%) in the region of Araucania

while 5.1% (95% CI 3.1–8.2%) in the region of Maule. Of note, distribution by gender, age and

education was the same in the four cities included in our study.

In our population, DM was more prevalent in women (14.0%) than in men (10.6%) while

IFG was the opposite (3.4% in women and 5.9% in men) in accordance with other studies. [30]

Table 4. Multivariable adjusted risk factors for diabetes among adults aged 35–74 years in the South-

ern Cone of Latin America.

Risk factors Diabetes

Odds ratio (95% CI) P value

Male sex 1.12 (0.92, 1.36) 0.07

Age (per 5-year increment) 1.25 (1.19, 1.31) p<0.0001

Parental history of diabetes 2.5 (2.07, 3.04) p<0.0001

Primary school vs college 1.34 (1.03, 1.74) 0.03

High school vs college 1.21 (0.92, 1.58) 0.18

Overweight 1.4 (1.04, 1.87) 0.03

Obesity 2.33 (1.66, 3.27) p<0.0001

Central obesity 1.68 (1.28, 2.19) p<0.0001

Low physical activity 1.24 (1.04, 1.49) 0.002

Hypertension 1.51 (1.24, 1.83) p<0.0001

Hypercholesterolemia 1.51 (1.25, 1.83) p<0.0001

HyperTriglyceridemia 1.63 (1.34, 1.98) p<0.0001

Low physical activity was defined as <600 MET-minutes/per week; Overweight: body-mass index�25 and

<30 kg/m2; Obesity: body-mass index�30 kg/m2; Central obesity: waist circumference�102 for men and

�88 cm for women; Hypertension: systolic blood pressure�140 mm Hg and/or diastolic blood pressure�90

mm Hg and/or use of antihypertensive medication; Hypercholesterolemia: total cholesterol �240 mg/dL and/

or use of lipid-lowering medication; Hypertriglyceridemia: triglyceride�200 mg/dL

CI: confidence interval. Current smoking and Alcohol consumption were tested in the model (p 0.17 and

0.16, respectively).

https://doi.org/10.1371/journal.pone.0183953.t004
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The proportion of women with unknown DM was less, compared to men. This sex differ-

ence can be explained by the fact that men may have less contact with the health care system

than women [31]. We also observed a higher prevalence of both diabetes and IFG with increas-

ing age.

Of note, there was a gradient in the prevalence of DM according to educational level, being

higher among subjects with lower educational attainment. This inverse relationship between

education and prevalence of diabetes had been reported previously in different populations.

[32, 33]

Finally, both DM and IFG were more prevalent in subjects with overweight, obesity and

central obesity. In the same venue, the prevalence of dyslipidemia was higher among persons

with DM compared to the group without DM, showing the cardio-metabolic nature of this dis-

order. [34]

Importantly, approximately 1 out of 4 persons with diabetes were not aware of their condi-

tion. Of those aware, 73.6% were receiving pharmacological treatment, but only nearly half of

those who were treated had their blood glucose controlled. Thus, at the end of the day, the

overall control rate among the total number of persons with DM was 46.2%.

In our study, several factors were independently associated with DM since the likelihood of

having this condition was increased with increasing age, family history of diabetes, low educa-

tional attainment, overweight, obesity, central obesity, low physical activity, hypertension,

hypercholesterolemia and hypertriglyceridemia, while the association with male gender was

marginally significant. Consistently, these factors were found to be associated with the pres-

ence of DM in the four cities included in the study in spite of differences in the local prevalence

rate.

Finally, more than half of subjects with diabetes also suffered from hypertension and/or

obesity while almost 40% had dyslipidemia. DM, hypertension and dyslipidemia are common

and frequently coexisting conditions that share a significant overlap in underlying risk factors,

including lifestyle determinants [33, 34]. This joint lifestyle factors provide the opportunity to

Fig 1. Cardio-metabolic risk factors in subjects with diabetes among adults aged 35–74 years in the

Southern Cone of Latin America. Vertical lines indicate 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0183953.g001
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work on nonpharmacologic interventions such as weight control, physical activity, and dietary

modification, which may greatly benefit individuals with comorbidities [35]. Additionally, the

presence of both hypertension and DM, double the risk for cardiovascular disease, hence

emphasizing its relevance for public health, and the need for prevention, early recognition and

adequate treatment of these conditions. [36]

The present study has several strengths. First, this is a population-based study that used a

multistage sampling method to select a representative sample of the general population aged

35–74 years in four cities of the Southern Cone of Latin America. Second, all measurements

followed a rigorous protocol and used standardized questionnaires applied by trained inter-

viewers. Third, plasma determinations were carried out following standardized procedures of

blood-sampling technique and processing, as well as safe transportation of blood samples.

Fourth, all blood determinations were centralized and analyzed using the same standardized

protocol. All these features enhance the accuracy of prevalence estimations. Additionally, since

the CESCAS I study has been planned as a cohort study with long-term follow-up, we will be

able to detect changes over time.

It is a limitation of this study that FPG was used for diagnosis of IFG instead of the oral glu-

cose tolerance test (OGTT) since this may have had implications for the population prevalence

of prediabetes. It is likely that should OGTT been measured, the prevalence of prediabetes may

have been higher. [30] Additionally, FPG, not Hemoglobin A1c, was used as the indicator for

DM control, which may have affected the estimated control rate. [30, 36–39] However, FPG is

still considered a good standard for epidemiological studies in terms of its lower cost, easier

determination, as well as the high correlation between these measures. [5, 40, 41] Another lim-

itation of this study is that the sampling frame in each country is not nationally representative.

Although study samples were randomly selected from each city included, caution is needed to

extrapolate our findings to each country in the region. Nevertheless, our findings are consis-

tent with the results shown in national surveys of the Southern Cone, which suggests no major

biases due to the selection of cities included in the CESCAS I Study. Moreover, the socio-

demographic distribution of the population of those cities included in this study are compara-

ble to the national population distribution in each country. Finally, in spite of differences in

the prevalence of diabetes among cities, risk factors associated with this condition in multivari-

able models were consistent across locations.

In summary, the present study indicates that the prevalence of DM and IFG in the adult

population of the SCLA is high, and may be underestimated by local surveys that are based

only on self-report. This condition represents a public health challenge since the rates of

awareness, treatment, and control are still low. Data from this study also support the associa-

tion of obesity, central obesity, hypertension, elevated serum triglycerides and elevated total

cholesterol with diabetes in our population, and indicate that complex intersectoral, integrated

and multifaceted interventions, programs and policies should be targeted to counter these car-

diometabolic risk factors in order to reduce the burden of NCDs in the region.

Supporting information

S1 File. Diabetes in the Southern Cone Database.

(XLSX)

Acknowledgments

The authors want to gratefully acknowledge the study participants for their engagement and

collaboration, and the field teams and data managers for their hard work.

Diabetes prevalence, awareness, treatment and control in Latin America

PLOS ONE | https://doi.org/10.1371/journal.pone.0183953 September 6, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183953.s001
https://doi.org/10.1371/journal.pone.0183953


Author Contributions

Conceptualization: Vilma Irazola, Adolfo Rubinstein, Jiang He.

Data curation: Laura Gutierrez.

Formal analysis: Chen Chung-Shiuan, Laura Gutierrez.

Funding acquisition: Vilma Irazola, Adolfo Rubinstein, Jiang He.

Investigation: Vilma Irazola, Adolfo Rubinstein, Natalia Elorriaga.

Methodology: Vilma Irazola.

Software: Chen Chung-Shiuan.

Supervision: Vilma Irazola, Matias Calandrelli.

Validation: Matias Calandrelli.

Visualization: Jose A. Manfredi.

Writing – original draft: Vilma Irazola, Adolfo Rubinstein, Lydia Bazzano, Natalia Elorriaga,

Fernando Lanas, Jose A. Manfredi, Nora Mores, Hector Olivera, Rosana Poggio, Jacqueline

Ponzo, Pamela Seron, Jiang He.

Writing – review & editing: Vilma Irazola, Adolfo Rubinstein, Lydia Bazzano, Natalia Elor-

riaga, Fernando Lanas, Jose A. Manfredi, Nora Mores, Hector Olivera, Rosana Poggio, Jac-

queline Ponzo, Pamela Seron, Jiang He.

References
1. Global status report on non-communicable diseases 2014. Geneva, World Health Organization, 2014.

2. World Health Organization. Global Health Estimates: Deaths by Cause, Age, Sex and Country, 2000–

2012. Geneva, WHO, 2014.

3. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS

Med, 2006, 3(11):e442. https://doi.org/10.1371/journal.pmed.0030442 PMID: 17132052

4. Lim S., Vos T., Flaxman A. D. et al., A comparative risk assessment of burden of disease and injury

attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: a systematic analysis for

the Global Burden of Disease study 2010. Lancet 2012; 380: 2224–2260. https://doi.org/10.1016/

S0140-6736(12)61766-8 PMID: 23245609

5. Danaei G, Finucane MM, Lu Y, et al. National, regional, and global trends in fasting plasma glucose and

diabetes prevalence since 1980: systematic analysis of health examination surveys and epidemiologi-

cal studies with 370 country-years and 2・7 million participants. Lancet 2011; 378:31–40. https://doi.

org/10.1016/S0140-6736(11)60679-X PMID: 21705069

6. Aguiree, Florencia, Brown, Alex, Cho, Nam Ho, Dahlquist, Gisela, Dodd, Sheree, Dunning, Trisha, et al.

IDF Diabetes Atlas 2014 Update: sixth edition, 6th ed., International Diabetes Federation, Basel, Swit-

zerland. http://www.idf.org/diabetesatlas. Last access October 1, 2015.

7. Cardiovascular disease, chronic kidney disease, and diabetes mortality burden of cardiometabolic risk

factors from 1980 to 2010: a comparative risk assessment. Global Burden of Metabolic Risk Factors for

Chronic Diseases Collaboration. Lancet Diabetes Endocrinol. 2014 Aug; 2(8):634–47. https://doi.org/

10.1016/S2213-8587(14)70102-0 PMID: 24842598

8. Danaei G, Lawes CM, Vander Hoorn S, Murray CJ, Ezzati M. Global and regional mortality from ischae-

mic heart disease and stroke attributable to higher-than-optimum blood glucose concentration: compar-

ative risk assessment. Lancet. 2006; 368:1651–9. https://doi.org/10.1016/S0140-6736(06)69700-6

PMID: 17098083

9. Rubinstein AL, Irazola VE, Calandrelli M, Elorriaga N, Gutierrez L, Lanas F, et al. Multiple cardiometa-

bolic risk factors in the Southern Cone of Latin America: A population-based study in Argentina, Chile,

and Uruguay. Int J Cardiol. 2015; 183:82–8. https://doi.org/10.1016/j.ijcard.2015.01.062 Epub 2015

Jan 27. PMID: 25662056

Diabetes prevalence, awareness, treatment and control in Latin America

PLOS ONE | https://doi.org/10.1371/journal.pone.0183953 September 6, 2017 11 / 13

https://doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/pubmed/17132052
https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
https://doi.org/10.1016/S0140-6736(11)60679-X
https://doi.org/10.1016/S0140-6736(11)60679-X
http://www.ncbi.nlm.nih.gov/pubmed/21705069
http://www.idf.org/diabetesatlas
https://doi.org/10.1016/S2213-8587(14)70102-0
https://doi.org/10.1016/S2213-8587(14)70102-0
http://www.ncbi.nlm.nih.gov/pubmed/24842598
https://doi.org/10.1016/S0140-6736(06)69700-6
http://www.ncbi.nlm.nih.gov/pubmed/17098083
https://doi.org/10.1016/j.ijcard.2015.01.062
http://www.ncbi.nlm.nih.gov/pubmed/25662056
https://doi.org/10.1371/journal.pone.0183953


10. Rubinstein AL, Irazola VE, Poggio R, Bazzano L, Calandrelli M, Lanas Zanetti FT. Detection and follow-

up of cardiovascular disease and risk factors in the Southern Cone of Latin America: the CESCAS I

study. BMJ Open. 2011; 1:e000126. https://doi.org/10.1136/bmjopen-2011-000126 PMID: 22021769
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