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Chile, Santiago, Chile, 3Facultad de Medicina, School of Medicine, Universidad Católica del Maule,
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Why was the cohort set up?

The Maule Cohort (MAUCO) is the first prospective

population-based cohort of cardiovascular disease (CVD)

and cancer in central Chile. The rationale for this cohort is

based on the social, environmental and health characteris-

tics of an under-studied rural population at high risk for

chronic diseases.1 Chile is regarded as a model for social

and economic transition in Latin America. Nevertheless,

Chile’s progress and economic growth hide persistent

inequalities.2 Poverty rates have declined from 38.6% in

1990 to 20.7% in 2017, when a large proportion of the

population was still living in poverty based on their educa-

tion, health care, employment, social security and housing

conditions.3,4 In Chile, as in other Latin American coun-

tries, obesity, CVD and cancer have reached epidemic lev-

els, disproportionately affecting people with lower

socioeconomic status and overshadowing the national

progress.5,6 Chilean cross-sectional national health surveys
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held in 2003, 2009 and 2016 revealed high and increasing

prevalences of diabetes (6.3%, 9.4%, 12.3%), metabolic

syndrome (22.6%, 35.3%, 40.1%) and overweight/obesity

(61.0%, 64.4%, 71.0%).7–10

In Chile, environmental risk factors for chronic diseases

coexist with remnants of under-development, and health dis-

parities are particularly aggravated in rural areas.5 The

MAUCO Cohort is located in the agricultural Molina County

in the Maule Region, 200 km south of the capital city of

Santiago. In 2016, the Maule Region had among the highest

Chilean all-cause mortality rates per 1000 (regional 6.3 vs 5.7

nationwide)11 and cause-specific mortality rates per 100 000

for gastric (17.3 vs 12.6 nationwide), colon (8.6 vs 7.2) and

oesophageal (4.6 vs 2.5) cancers.12 Additionally, this popula-

tion is vulnerable to several important environmental expo-

sures, such as agrochemicals, wood combustion and chronic

infections. Little is known about the natural history of CVD

and of cancer in this particular socioenvironmental context.

Launched in 2014, MAUCO is the core project of the

Advanced Center for Chronic Diseases (ACCDiS), of the uni-

versities Pontificia Universidad Católica de Chile (PUC) and

Universidad de Chile.1 The general objectives of MAUCO

are: (i) to analyse the natural history of CVD and cancer,

where outcomes of interest include CVD, cancer, mental

health, ageing, quality of life and respiratory diseases among

others, whereas risk factors of interest include socioeco-

nomic, lifestyle, environmental, genetic and ethnic factors;

and (ii) to build institutional capacity for advanced research

on chronic diseases, including a biobank. Our initial hypothe-

sis is that CVD and cancer share environmental exposures, as

well as social and lifestyle risk factors, which lead to chronic

inflammation and oxidative stress as the common underlying

mechanisms for the development of chronic conditions.13–15

Examples of initial planned analyses include the association

of CVD with pesticides and mycotoxins, social and psychoso-

cial factors and inflammatory conditions such as gallstones.

Who is in the cohort?

The cohort is drawn from Molina County’s adult residents.

In 2015, Molina had 42 273 inhabitants of whom 50.1%

were men,16 and 30.1% lived in rural areas;17 in 2011,

13.5% were living in poverty.18 This population has a low

rate of migration and most residents are served by the na-

tional health insurance system and the local municipal-

ity.19 These two factors will facilitate follow-up and health

demonstration projects at the local level, in the absence of

a system to link participants with national databases.

Beginning in July 2014, we conducted a household cen-

sus of Molina County to identify potential participants

and record household members, geographical coordinates

(latitude-longitude format; World Geodetic System 1984)

and basic housing conditions. Contact was established in

70% of visited households, and in 95% of those, a resident

agreed to respond to the survey. All potential participants

whom we were able to contact were invited to join the

study. Inclusion criteria were: age 38 to 74 years, residency

in Molina for at least 6 months in the past year and plans

to remain there for the next 3 years. Exclusion criteria

were: inability to provide informed consent autonomously

and a diagnosis of a terminal illness. Age criteria were de-

cided on the basis that the cohort was designed for a dura-

tion of 10 years. Thus, taking into account the natural

history of chronic diseases, we required an age range that

would be close enough to the event to allow us to observe

it in this period. We expect to obtain new funds to extend

the follow-up of the cohort for another 10 years and even-

tually enrol younger participants.

Throughout March 2019, we identified 14 646 resi-

dents aged 38 to 74 years; we were able to contact 12 882,

of whom 480 were ineligible. Of those who were eligible,

8970 (72.3%) were enrolled, 1215 (9.8%) refused to par-

ticipate and 2217 (17.9%) were not reachable during the

baseline period (Figure 1).

Compared with people who refused or were not reach-

able, participants were more likely to be women.

Participants were slightly older and to have a rural place of

residence than people who refused, and slightly younger

and to have an urban place of residence than those who

were not reachable (Table 1).

How often have participants been followed
up?

Follow-up visits are planned at 2, 4 and 8 years after enrol-

ment. Currently, we are conducting the first follow-up visit

with 5748 visits completed (77.3% of target to date), 1286

(17.3%) pending contact, 114 (1.5%) withdrawals and 288

(3.9%) lost to follow-up (90 deaths, 106 not reachable, 92

moved to another region) (Figure 1). Participants who

attended the year 2 visit were younger than people who

withdrew or were lost to follow-up; they were also more

likely to be married, have more schooling, be insured by the

public health system and be currently employed (Table 2).

To identify health events of interest, we established a

surveillance system of admissions in all local hospitals by

linking participants to the regional health system database.

Also, we regularly obtain notification of participants’

deaths through the national death certificate registry.

What has been measured?

A detailed description of the measurements collected at

each visit has been published previously.1 At baseline,
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Figure 1. Flow diagram of the MAUCO cohort.

Table 1. Age, sex and residence of responders and non-responders in the MAUCO cohort

Sociodemographic

characteristic

Participants

n¼8970 (72.3%)

Refusals

n¼1215 (9.8%)

Not reachable

n¼2217 (17.9%)

P-value refusals vs

participants

P-value not reachable

vs participants

Age, mean 6 SD 53.5 6 9.8 52.3 6 10.2 54.0 6 10.2 0.0001 0.0329

Women, % 56.3 46.4 46.9 3.8*10�11 8.9*10�16

Rural residence, % 13.4 6.7 26.8 2.1 *10�11 6.6*10�16

P-values obtained from t test (continuous variable) and chi square test (categorical variables).

SD, standard deviation.

Table 2. Sociodemographic characteristics of participants who have completed the first follow-up visit, refusals and lost to fol-

low-up in the MAUCO cohort

Sociodemographic

characteristic

Followed to

datea n¼5748

Withdrawals

n¼114

Lost to follow-up

n¼288

P-value withdrawals

vs followed

P-value lost to

follow-up vs followed

Age, mean 6 SD 53.7 6 9.5 59.1 6 9.6 56.9 6 10.6 1.5*10�9 1.5*10�8

Women 63.3 54.4 59.4

Self-identified ethnicity 0.093 0.319

Chilean/Hispanic 97.3 94.7 96.2

Mapuche 2.2 4.4 2.4

Marital status

Married 65.9 64.1 52.1 0.688 1.7*10�6

Separated/divorced 11.1 5.3 14.0

Widowed 6.8 11.4 14.0

Single 16.2 19.3 19.9

Schooling, mean 6 SD 8.8 6 4.0 7.5 6 4.8 7.8 6 4.3 8*10�4 1*10�4

�8 years 51.3 61.4 56.6

9–12 years 37.5 28.1 36.1

�13 years 11.1 10.5 7.3

Public health insurance 88.2 84.6 88.4 0.245 0.915

Currently employed 58.7 42.3 47.5 5.3*10�4 0.0001

Agricultural worker (ever) 44.2 31.8 39.6 0.049 0.226

Rural residence 11.6 12.3 10.9 0.817 0.718

Values are presented as percentages unless otherwise indicated; P-values obtained from t test (continuous variables) and chi square test (categorical variables).
aYear-2 follow-up is ongoing.
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participants answered health and risk factor surveys previ-

ously used in the Chilean population; these surveys in-

cluded questions from the National Health Surveys as well

as internationally validated instruments (detailed in

Table 3) that had been adapted using vocabulary suitable

for a low-schooling population. Participants underwent

anthropometric and bioimpedance measurements, grip

strength tests, electrocardiogram, hepatobiliary ultrasound

and cognitive evaluation. They also provided urine,

saliva and blood samples (for storage at �80�C, 30

Table 3. Data collected at baseline and first follow-up visit in the MAUCO cohort

Phase Source Collected data n participantsa

Baseline

(2015–19)

Household census Location, type, construction, main goods, water source, heating fuel, pets 16 788b

Health and lifestyle

questionnaire

Self-reported sociodemographics, health status, personal and family medical his-

tory,c,d,e mammogram and pap test history, cardiovascular and digestive

symptoms,d medication use, tobacco and alcohol consumption, diet,f,g physi-

cal activity,d sedentary behaviour,h hearing and vision screening questions,

employment history,i pesticide exposure,j depressivek and stressl symptoms,

cognitive complaints, cognitive test,m,n instrumental activities of daily living,o

social capital.p

8970

Physical

measurements

Height, weight, arm span, waist, hip, neck and calf circumferences, bioimpe-

dance body fat, hepatobiliary ultrasound, blood pressure, electrocardiogram,

peak expiratory flow, up and go test, hand-grip strength, tooth count

8475

Laboratory tests Glycaemia, triglycerides, cholesterol, bilirubin, alanine aminotransferase, aspar-

tate aminotransferase, alkaline phosphatase

8431

Gamma-glutamyltransferase, insulin, C-reactive protein in a subgroup.q 4210

Biospecimens Blood components (serum, blood clot, plasma, buffy coat, erythrocytes), urine,

saliva

8484

Stools in a subgroup. 1000

Year 2

follow-up

(2017–19)

Health and lifestyle

questionnaire

Self-reported health status, personal medical history update, medication use, to-

bacco and alcohol consumption, sedentary behaviour, employment, cognitive

complaints

5748

Cardiovascular and digestive symptoms, 24-h recall of selected foods, physical

activity, depressive symptoms, social capital in a subgroup.q
3716

Physical

measurements

Blood pressure, weight, waist circumference, peak expiratory flow 5748

Full baseline examination excluding electrocardiogram in a subgroup.q 3716

Laboratory tests Same as baselineq 3716

Biospecimens Same as baseline excluding urineq 3716

Surveillance

(ongoing)

Linkages Regional Hospital Admission Registry –

Death Certificate Registry –

aParticipants for whom the instrument was applied (missing values exist).
bHouseholds identified by census of Molina County.
cSF-12 Health Survey.
dEncuestas Nacionales de Salud (National Health Surveys) [http://epi.minsal.cl/bases-de-datos/].
eMinnesota Living with Heart Failure Questionnaire.
fLeighton F, Polic G, Strobel P et al. Health impact of Mediterranean diets in food at work. Public Health Nutrition 2009;12:1635–43. doi: 10.1017/

S1368980009990486.
gPLCO Prostate Lung Colorectal and Ovarian Cancer Screening Trial.
hGPAQ- WHO Global Physical Activity Questionnaire.
iEncuesta Nacional de Empleo, Trabajo, Calidad de Vida y Salud de los Trabajadores y Trabajadoras de Chile 2009–2010 (National Survey of Employment,

Labour, Quality of Life and Health of the Workers of Chile 2009–2010).
jPIPAH Prospective Investigation of Pesticide Applicators’ Health Study.
kPHQ-9Patient Health Questionnaire.
lLanas F, Avezum A, Bautista LE et al. Risk factors for acute myocardial infarction in Latin America: the INTERHEART Latin American study. Circulation

2007;115:1067–74.
mAddenbrooke’s Cognitive Examination-Revised Spanish version.
nReitan RM. Trail Making Test: Manual for Administration and Scoring. Tuscon, AZ: Reitan Neuropsychology Laboratory, 1992.
oIcaza et al.22

pSapag JC, Aracena M, Villarroel L et al. Social capital and self-rated health in urban low income neighbourhoods in Chile. J Epidemiol Community Health

2008;62:790–2.
qAll participants with gallstones, history of cholecystectomy, agricultural workers, abnormal electrocardiogram, a subset of participants with high cardiovascu-

lar risk, and age-sex group-matched controls.
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aliquots from each participant); stool was obtained in a

subgroup (n¼ 1000) (Table 3). In addition, we assessed en-

vironmental conditions in their households and neighbour-

hoods, and sampled air, water and soil from the Molina

County area.1

At the year 2 follow-up, all participants completed

a questionnaire to assess changes in exposures and

health conditions and underwent blood pressure, weight

and waist circumference and peak expiratory flow meas-

urements. A subgroup of approximately 40% of the cohort

underwent a complete examination similar to baseline (ex-

cluding electrocardiogram) and provided biological sam-

ples; this subgroup comprises all participants with

gallstones, a history of cholecystectomy, abnormal electro-

cardiogram and a history of agricultural work, as well as a

subset of participants at high risk for CVD and age-sex

group-matched controls (Table 3).

Key initial findings and ongoing research

Baseline evaluation

Of the 8970 participants, 56.3% were women; compared

with males enrolled, women were somewhat younger, had

slightly less schooling and were less likely to have ever

worked in agriculture. Public health insurance was pre-

dominant among participants, with a higher prevalence

than the national average (78%)19 (Table 4). Nearly all

participants’ households had solid floors, indoor drinking

water supply, sewage disposal and a refrigerator, and most

used natural gas or electricity for cooking and wood or

coal for heating; fewer households had a computer, car,

domestic animals or farm animals (Supplementary Table 1,

available as Supplementary data at IJE online).

Women had a worse self-perception of health status than

men, less hypertension, almost three times more history of

cancer, a higher report of digestive symptoms (particularly

biliary colic), more respiratory disease and three times more

osteomuscular disease. Men reported consuming three times

more alcohol per week than women, with a higher preva-

lence of risky alcohol intake (defined as �30 g for men or

�20 g for women per week) and almost three times more

binge drinking (�4 drinks for men or �3 drinks for women

per occasion).8 Also, more men had a high consumption of

sugary drinks (defined as >2 times per day) and processed

meat (>4 times per week), and low vegetable and fruit con-

sumption (>1 time per day for each) compared with

women. In addition, men were more likely to be current or

former smokers (Table 5).

Symptoms of depression were twice as high among

women. Neurocognitive evaluation results were similar in

men and women: mean scores of both the Mini-Mental

State Examination20 and the Addenbrooke’s Cognitive

Examination-revised21 were below the cut-off point for

normalcy (Table 5).

Table 4. Sociodemographic characteristics of MAUCO cohort participants

Sociodemographic characteristic Alla Women Men P-value sex difference

n¼8970 n¼5052 (56.3%) n¼3918 (43.7%)

Age, mean 6 SD 53.5 6 9.8 53.1 6 9.7 53.9 6 9.8 0.001

35–44 22.1 22.7 21.6 0.005

45–54 33.0 34.3 31.7

55–64 28.2 27.3 29.0

65–74 16.7 15.7 17.6

Self-identified ethnicity 0.084

Chilean/Hispanic 96.9 97.3 96.6

Mapuche 2.5 2.1 2.8

Marital status <2.2*10�16

Married 67.1 61.5 72.5

Separated/divorced 10.6 12.6 8.7

Widowed 5.9 9.4 2.6

Single 16.4 16.5 16.3

Schooling, mean 6 SD 9.0 6 4.1 8.8 6 4.1 9.1 6 4.1 0.005

�8 years 49.2 49.4 49.0 0.365

9–12 years 38.7 39.1 38.4

�13 years 12.1 11.6 12.6

Public health insurance 87.1 87.6 86.7 0.0003046

Currently employed 63.9 43.8 83.2 <2.2*10�16

Agricultural worker (ever) 45.4 35.5 54.9 <2.2*10�16

Values are presented as percentages unless otherwise indicated.
aPrevalence weighted to represent the sex distribution of Molina’s population (49.9% women).
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Table 5. Baseline health profile of MAUCO cohort participants

Health conditions Alla

n¼8970

(100%)

Women

n¼5052

(56.3%)

Men

n¼3918

(43.7%)

P-value sex

difference

Self-reported

health status

Excellent, very good and good 44.7 37.9 51.2 <2.2*10�16

Fair 45.9 49.9 42.1

Bad 9.1 12.2 6.2

Chronic conditions Diabetesb 15.7 16.0 15.3 0.366

Hypertensionc 61.1 55.5 68.4 <2.2*10�16

Cardiovascular diseasesd 7.3 7.0 7.5 0.324

Myocardial infarction 2.5 2.2 2.8 0.096

Heart failure 1.4 1.6 1.2 0.098

Stroke 2.0 1.6 2.3 0.027

Arrhythmia 1.1 1.2 1.1 0.586

Cancer 3.5 5.2 1.8 2.81*10�15

Non-infectious digestive diseases 31.3 42.3 20.7 <2.2*10�16

Digestive symptomse 39.7 50.1 29.8 <2.2*10�16

Respiratory diseases 5.3 6.5 4.2 8.451*10�6

Osteomuscular diseasesf 5.2 8.1 2.5 <2.2*10�16

Lifestyle factors Alcohol intake (g) per week,g mean 6 SD 57.56174.6 27.26113.7 86.66211.8 <2.2*10�16

Risky alcohol intakeh 20.5 9.9 30.7 <2.2*10�16

Binge drinkingi 20.8 11.0 30.3 <2.2*10�16

Sugary drinks consumption >2 times/day 14.4 9.1 19.5 <2.2*10�16

Processed meat consumption >4 times/week 7.9 6.8 8.9 0.00047

Vegetables consumption >1 time/day 66.4 73.6 59.5 <2.2*10�16

Fruits consumption >1 time/day 49.7 55.7 43.9 <2.2*10�16

Low physical activityj 92.7 92.6 92.7 0.932

Smoking habit <2.2*10�16

Never smoker 41.5 48.6 34.6

Current smoker 32.9 30.6 35.1

Former smoker 25.6 20.7 30.3

Mental health and

cognitive

examinations

Depressive symptoms (PHQ-2) 17.0 23.2 11.1 <2.2*10�16

ACE-Rk, mean 6 SD 73.2 6 15.5 73.0 6 15.5 73.3 6 15.6 0.385

MMSEl, mean 6 SD 25.8 6 4.1 25.9 6 4.0 25.8 6 4.2 0.779

Physical

examinations

High blood pressurem 56.6 49.4 65.9 <2.2*1016

Body mass index �30 kg/m2 39.4 42.6 36.3 5.071*10�9

High body fat percentagen 76.1 87.4 65.2 <2.2*10�16

Remaining teeth, mean 6 SD 18.7 6 9.2 18.0 6 9.5 19.4 6 8.8 8.207*10�7

Peak expiratory flow <80% 45.2 40.0 50.1 <2.2*10�16

Handgrip strength test (kg),o mean 6 SD 30.0 6 10.5 21.9 6 5.5 36.9 6 9.5 <2.2*10�16

Abnormal electrocardiogram (n ¼ 6550) 5.4 4.4 6.3 0.001

Hepatobiliary

ultrasound

Fatty liver (any degree) 47.5 47.3 47.7 0.702

Cholecystectomized 18.3 28.4 8.6 <2.2*10�16

Gallstones 11.2 13.3 9.2 9.006*10�9

Laboratory

examinations

Fasting blood glucose �100 mg/dL 30.0 26.1 33.7 <2.2*10�16

Fasting blood glucose �126 mg/dL 8.7 7.8 9.9 0.001

LDL >160 mg/dL 9.9 10.8 9.1 0.012

Triglycerides �200 mg/dL 25.6 21.1 29.9 <2.2*10�16

HDL �50 mg/dL women, �40 mg/dL men 49.6 59.2 40.3 <2.2*10�16

AST (GOT) �35 UI/L 16.4 12.7 20.0 <2.2*10�16

ALT (GPT) �35 UI/L 32.3 22.7 41.6 <2.2*10�16

Metabolic syndromep 47.6 50.8 44.6 2.552*10�7

(Continued)
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Men had more clinically measured hypertension, al-

tered electrocardiogram and abnormal peak expiratory

flow. Women had more obesity, fewer remaining teeth

and lower hand-grip strength. Based on hepatobiliary ul-

trasound examination, women and men had a similarly

very high prevalence of fatty liver, but women had a

much higher prevalence of cholecystectomy and gall-

stones, along with a higher ratio of cholecystectomies

over gallstones (2.1 versus 0.9). Men had a higher preva-

lence of altered fasting glucose levels, high triglycerides

and abnormal liver enzyme levels (Table 2). Whereas the

prevalence of metabolic syndrome was higher in women,

men were 14.6 times more likely to have a high CVD risk

at 10 years based on the Framingham Cardiovascular

Risk Score, but only 5.9 times with the Chilean adapted

version22 (Table 5).

A history of diabetes was reported by 32% of partici-

pants with glycaemia �100 mg/dl and 71% of those with

glycaemia �126 mg/dl; 45% of participants with self-

reported diabetes were taking oral hypoglycaemic medica-

tions. A history of hypertension was reported by 51% of

participants with measured blood pressure �130/80 and

90% of those with measured blood pressure �140/90;

54% of participants with self-reported hypertension were

taking antihypertensive medications.

The observed prevalences of obesity (39.4%) and hy-

pertension (61.1%) are similar to those reported in the

2016–17 National Health Survey for the population of the

same age (obesity 41.8%; hypertension 63.8%); however

in MAUCO, the prevalence of diabetes (15.7%) is lower

than the national prevalence (22.4%).23

Surveillance of health events

In the first 4 years of follow-up, we identified 1182 hospi-

tal admissions affecting 821 participants; cancer and CVD

represented 8.5% and 10.2% of causes, respectively (main

causes are available in Supplementary Table 2, available

as Supplementary data at IJE online). To date, 137 partici-

pants have died; the main causes were CVD (27.7%)

and cancer (26.3%) (other causes are available in

Supplementary Table 3, available as Supplementary

data at IJE online). A diagnosis of diabetes at baseline was

associated with a higher risk of both hospitalization (cardio-

vascular and respiratory causes) and death (cancer and re-

spiratory causes). The association of diabetes with increased

cancer mortality has been previously described24–26 and is

thought to be in part related to a carcinogenetic effect of

hyperinsulinemia, hyperglycaemic-induced oxidative stress

and chronic inflammation.27–29 The association of diabetes

Table 5. Continued

Health conditions Alla

n¼8970

(100%)

Women

n¼5052

(56.3%)

Men

n¼3918

(43.7%)

P-value sex

difference

Framingham CV risk scoreq High risk >10% 30.2 3.8 55.5 <2.2*10�16

Chilean CV risk scorer High risk >10% 10.9 3.1 18.3 <2.2*10�16

Values are presented as percentages unless otherwise indicated; all prevalence and mean values are age-adjusted.

SD, standard deviation; PHQ-2, Patient Health Questionnaire; ACE-R, Addenbrooke’s Cognitive Examination Revised; MMSE, Mini Mental State

Examination; AST (GOT), Aspartate aminotransferase (glutamic oxaloacetic transaminase). ALT (GPT), Alanine Aminotransferase (serum glutamic pyruvic

transaminase); LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol.
aPrevalence weighted to represent the sex distribution of Molina’s population (49.9% women)
bSelf-report or glycaemia �126 mg/dL or use of hypoglycaemic drugs.
cUse of hypotensive drugs or measured systolic blood pressure �130 mm Hg or diastolic blood pressure �80 mm Hg.
dExcluding hypertension.
eIncludes biliary colic, gastroesophageal reflux and gastritis symptoms.
fIncludes arthritis, arthrosis, disc disease, lumbar hernia.
gAmong those who declared alcohol consumption at least once a month.
h�20g for women or �30 g for men per week.
i�Three drinks for women or �four drinks for men per occasion, Encuesta Nacional de Salud (National Health Survey) 2010. https://www.minsal.cl/portal/

url/item/bcb03d7bc28b64dfe040010165012d23.pdf.
j<30 min of physical activity three times/week.
kCut-off point for normality �76.
lCut-off point for normality �27.
mSystolic blood pressure �130 mm Hg or diastolic blood pressure �80 mm Hg.
n>25% for men or >35% for women, measured by bioimpedance analysis.
oDominant hand.
p�3 of the following: abdominal obesity, high triglycerides, low HDL cholesterol, high blood pressure and high fasting glucose.
qConsiders age, sex, smoking, systolic blood pressure, HDL, triglycerides and cholesterol for risk of a cardiovascular event in the next 10 years.
rConsiders age, sex, smoking, diabetes, systolic blood pressure, diastolic blood pressure, cholesterol and HDL for risk of a cardiovascular event in the next

10 years.22
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with increased respiratory disease mortality has also been

reported24,25,30 and could be partly explained by the re-

duced pulmonary function observed in people with diabe-

tes.31–33 Additionally, hypertension and obesity were

associated with an elevated risk of hospitalization, and al-

tered liver enzyme levels and a low peak expiratory flow

were associated with an increased risk of death (Table 6).

The observed death rate [5.3; 95% confidence interval

(CI), 4.4–6.2] is lower than the 2016 regional rate for pop-

ulation aged 40–74 (6.7 per 1000; 95% CI, 6.5–6.8).11

This relative lower risk in MAUCO can be explained by

the exclusion from the cohort of people with terminal ill-

ness, who would have been more likely to die in this short

period (Table 6).

Ancillary studies

An array of studies are nested in the MAUCO cohort: a study

of the risk of non-alcoholic fatty liver disease associated with

cholecystectomy and gallstones, including oral and enteric

microbiome and Helicobacter pylori infection; a risk assess-

ment of mycotoxins (especially aflatoxin) in food; a risk

assessment of pesticide exposure in air, soil and urine; a risk

assessment of processed meat and nitrites for gastric atrophy;

and genetic markers for chronic diseases. In addition, many

postgraduate theses have been completed on topics ranging

from in-depth dental and dermatological examinations to

walkability of Molina’s streets for older participants.

What are the main strengths and
weaknesses?

The strengths of MAUCO derive from the broad interdisci-

plinary collaboration among epidemiologists, laboratory

scientists, and clinical specialists from ACCDiS, which rep-

resents major Chilean universities. This cohort is the first

Latin American prospective study including measurements

ranging from molecular and genetic testing to environmen-

tal, neuropsychological and social exposures.

MAUCO’s leadership structure includes a scientific

Directorate, an Executive Committee and an Advisory

Board comprising representatives of the Ministry of

Health, the Regional Health Service, FONDAP, non-profit

health organizations, scientific societies and representatives

Table 6. Hospitalizations and deaths during follow-up through March 2019 and selected baseline health conditions of MAUCO

cohort participants

Baseline conditions Selected causes of first hospitalization (n¼821); hazard ratioa (95% CI)

Cancer* n¼49 Cardiovascularb n¼77 Respiratory n¼43 Digestive n¼243

Diabetesc 1.78 (0.91–3.50) 2.01 (1.21–3.34) 2.54 (1.23–5.24) 0.87 (0.61–1.23)

Hypertensiond 0.84 (0.47–1.53) 1.74 (1.01–2.97) 1.71 (0.85–3.44) 0.96 (0.73–1.25)

Metabolic syndromee 1.36 (0.74–2.48) 1.26 (0.78–2.06) 1.37 (0.67–2.81) 1.17 (0.90–1.52)

Body mass index �30 kg/m2 1.22 (0.68–2.18) 1.48 (0.92–2.38) 1.43 (0.73–2.81) 1.42 (1.10–1.83)

Body fat percentage >25% men,

>35% women

1.04 (0.43–2.48) 2.70 (0.95–7.67) 2.34 (0.53–10.29) 1.50 (1.00–2.24)

Peak expiratory flow <80% 0.76 (0.47–1.22) 1.36 (0.84–2.21) 1.98 (0.97–4.02) 1.16 (0.89–1.50)

AST (GOT) �35 IU/L 1.12 (0.60–2.10) 1.07 (0.56–2.04) 1.63 (0.70–3.77) 0.93 (0.65–1.33)

Selected causes of death (n ¼ 137); hazard ratioa (95% CI)

Cancer n ¼ 36 Cardiovascularb n ¼ 38 Respiratory n ¼ 17 Digestive n ¼ 11

Diabetesc 2.68 (1.29–5.58) 2.02 (0.96–4.27) 4.40 (1.54–12.57) 2.43 (0.55–10.68)

Hypertensiond 1.09 (0.53–2.25) 2.08 (0.90–4.81) 0.68 (0.25–1.83) 1.06 (0.29–3.86)

Metabolic syndromee 1.09 (0.54–2.18) 1.69 (0.79–3.61) 1.47 (0.50–4.35) 0.83 (0.20–3.38)

Body mass index �30 kg/m2 1.11 (0.55–2.22) 1.47 (0.72–2.98) 0.53 (0.17–1.68) 0.51 (0.10–2.54)

Body fat percentage >25% men,

>35% women

0.95 (0.31–2.90) 4.01 (0.53–30.61) — 1.06 (0.11–9.86)

Peak expiratory flow <80% 1.50 (0.74–3.04) 3.61 (1.47–8.88) 6.06 (1.36–27.05) 0.57 (0.13–2.42)

AST (GOT) �35 IU/L 1.62 (0.70–3.75) 2.21 (0.98–4.97) 0.47 (0.06–3.57) 6.29 (1.55–25.50)

Values are age- and sex-adjusted; *does not include cancer in situ; due to perfect separation.

AST (GOT), aspartate aminotransferase (glutamic oxaloacetic transaminase).
aHazard ratio from Cox Proportional Hazard Model, counting the participant until their first hospitalization for each cause.
bIncludes stroke, myocardial infarction, heart failure and arrhythmia.
cAccording to self-report or glycaemia �126 mg/dL or use of hypoglycaemic drugs, adjusted by age, sex and obesity.
dAccording to use of hypotensive drugs or systolic blood pressure �140 mm Hg or diastolic blood pressure �90 mm Hg.
eIncluding �3 of the following: abdominal obesity, high triglycerides, low HDL cholesterol, high blood pressure or high fasting glucose.
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of the community, who define the use and sharing of data

and samples. MAUCO’s field team includes epidemiolo-

gists, nurses, medical technologists, health care assistants

and administrative staff, who live in Molina County and

are engaged with the community. MAUCO epidemiolo-

gists and data managers, led by the MAUCO Director, are

responsible for the design, implementation, quality and ac-

curacy of the data and analyses, as well as the quality of

the biospecimens. This structure has enabled ACCDiS-

MAUCO to engage with local and regional authorities that

are committed to securing the sustainability of the cohort.

Engagement with the Molina community as a partner in

the study is a priority for MAUCO; as an example, we

hold regular outreach activities to inform the community

about study findings. Community involvement has been

highly successful, resulting in a high participation rate and

low loss to follow-up.

MAUCO is part of the World Health Organization con-

sortium of agricultural cohort studies, AGRICOH, along

with 29 other cohorts from around the world,34 and is

member of the International 100 K Cohort Consortium.35

MAUCO offers an unprecedented opportunity to address

the dearth of systematic research on the health needs of

Chile’s population in the context of accelerated develop-

ment, which is also relevant to other Latin American coun-

tries and perhaps to Hispanic people in other countries.

The MAUCO Biobank, at the School of Medicine of

PUC, follows the National Cancer Institute’s Biobank

Quality Control regulation.36 Standard operating proce-

dures are in place to ensure the quality of the MAUCO bio-

logical specimens from collection to storage. An inventory

system of biological samples is used to identify the location

and available quantity of each aliquot, using Biological

Specimen Inventory (BSI) software [www.bsisystems.com].

The MAUCO information system ensures safe, com-

plete and accurate data flow, including data collection,

data entry and generation of databases. Data entry, super-

vised by the data manager, is done locally using

REDCapTM (Research Electronic Data Capture).37

Funding for the MAUCO cohort currently depends on

modest, highly competitive and short-term state funding, has

only been secured for an initial period of 10 years from

December 2013 to December 2023, and requires extra fund-

ing to ensure long-term follow-up. Compared with interna-

tional population-based cohorts, we work in a relatively

low-resource research environment while being subject to a

high demand for productivity. These conditions create a ma-

jor challenge for a prospective study such as MAUCO.

The external validity of MAUCO’s findings might be

limited, since this cohort represents an agricultural popula-

tion from a small city and, therefore, some results may not

be applicable to residents of large urban areas.

How can I access the data? Where can I find
out more?

Access to data and biospecimens is regulated by the

ACCDiS Directorate in accordance with the local institu-

tional review board authorization [www.mauco.org]. The

regulatory system was developed following the UK’s

Centre for Longitudinal Studies protocol38 and aims to

make the data and biospecimens available to researchers,

while ensuring that ethical and scientific principles are up-

held. All data and specimen requests must be approved by

the Access Committee and a bilateral agreement must be

signed before sharing data. Requests and research pro-

posals can be submitted in English or Spanish and should

be sent to: cferrec@med.puc.cl (application form available

in Supplementary Appendix 1, available as Supplementary

data at IJE online). Additional information can be

requested at [contacto@mauco.org].

Profile in a nutshell

• MAUCO is the first prospective population-based co-

hort to study a unique Hispanic-Amerindian popula-

tion with high rates of gastric cancer coupled with a

high burden of cardiovascular disease, under an ac-

celerated health transition and exposed to various

environmental exposures (agrochemicals, wood

combustion, chronic infections etc.).

• All residents aged 38 to 74 years from the agricultural

county of Molina in Central Chile were invited begin-

ning in 2015, and 8970 participants entered the cohort.

• Epidemiological and sociodemographic information

is collected for all participants as well as full anthro-

pometric examinations, physical condition tests,

tooth count, electrocardiogram, hepatobiliary ultra-

sound, peak expiratory flow measurements, neuro-

cognitive examinations and blood, urine and saliva

samples collected for measurement at baseline.

Surveillance is in place to identify hospitalizations

and deaths since enrolment. Additionally, we mea-

sure environmental quality of air and soil and the

occurrence of multi-resistant bacteria in Molina.

• To date, 5748 participants have completed the year

2 follow-up, which is ongoing. The attrition rate of

5.9% is due to death (1.8%), change of place of resi-

dence (1.2%), study withdrawal (1.5%) and not

reachable (1.4%); 8521 participants are currently

available for further follow-up.

• Data and sample sharing regulations are established.

Interested investigators should contact MAUCO’s

Director, Catterina Ferreccio [cferrec@med.puc.cl].
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Ilustre Municipalidad de Molina (Molina’s municipality) and the
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Gráficos de Mortalidad [Mortality Series and Graphs], 2016.

http://www.deis.cl/series-y-graficos-de-mortalidad/ (2 February

2020, date last accessed).

13. Johnson CB, Davis MK, Law A, Sulpher J. Shared risk factors

for cardiovascular disease and cancer: implications for preven-

tive health and clinical care in oncology patients. Can J Cardiol

2016;32:900–07.

14. Meirow Y, Baniyash M. Immune biomarkers for chronic inflam-

mation related complications in non-cancerous and cancerous

diseases. Cancer Immunol Immunother 2017;66:1089–101.

15. Liu Y-Z, Wang Y-X, Jiang C-L. Inflammation: the common path-

way of stress-related diseases. Front Hum Neurosci 2017;11:1–11.

16. Ministerio de Desarrollo Social (Ministry of Social Development

of Chile). Reporte Comunal: Molina, Región del Maule,

International Journal of Epidemiology, 2020, Vol. 49, No. 3 761h

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/49/3/760/5807634 by guest on 23 April 2024

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyaa003#supplementary-data
https://www.undp.org/content/dam/chile/docs/pobreza/undp_cl_pobreza-Libro-DESIGUALES-final.pdf
https://www.undp.org/content/dam/chile/docs/pobreza/undp_cl_pobreza-Libro-DESIGUALES-final.pdf
http://observatorio.ministeriodesarrollosocial.gob.cl/layout/doc/casen/pobreza1990cuadro2.xls
http://observatorio.ministeriodesarrollosocial.gob.cl/layout/doc/casen/pobreza1990cuadro2.xls
http://observatorio.ministeriodesarrollosocial.gob.cl/layout/doc/casen/pobreza1990cuadro2.xls
http://observatorio.ministeriodesarrollosocial.gob.cl/casen-multidimensional/casen/docs/Resultados_pobreza_Casen_2017.pdf
http://observatorio.ministeriodesarrollosocial.gob.cl/casen-multidimensional/casen/docs/Resultados_pobreza_Casen_2017.pdf
http://new.paho.org/chi/images/PDFs/salud chile 2010.pdf
http://new.paho.org/chi/images/PDFs/salud chile 2010.pdf
http://www.medicinadefamiliares.cl/Protocolos/encnacsalres.pdf
http://www.medicinadefamiliares.cl/Protocolos/encnacsalres.pdf
https://www.minsal.cl/portal/url/item/bcb03d7bc28b64dfe040010165012d23.pdf
https://www.minsal.cl/portal/url/item/bcb03d7bc28b64dfe040010165012d23.pdf
https://www.minsal.cl/wp-content/uploads/2017/11/ENS-2016-17_PRIMEROS-RESULTADOS.pdf
https://www.minsal.cl/wp-content/uploads/2017/11/ENS-2016-17_PRIMEROS-RESULTADOS.pdf
https://www.minsal.cl/wp-content/uploads/2018/01/2-Resultados-ENS_MINSAL_31_01_2018.pdf
https://www.minsal.cl/wp-content/uploads/2018/01/2-Resultados-ENS_MINSAL_31_01_2018.pdf
http://www.deis.cl/wp-content/2017/gobCL-sitios-1.0/assets/SerieDefunciones_2000_2015.html
http://www.deis.cl/wp-content/2017/gobCL-sitios-1.0/assets/SerieDefunciones_2000_2015.html
http://www.deis.cl/series-y-graficos-de-mortalidad/


County Report: Molina, Maule Region, 2014. http://observa

torio.ministeriodesarrollosocial.gob.cl/indicadores/pdf/comunal_

general/maule/Molina_2013.pdf (2 February 2020, date last

accessed).

17. Biblioteca del Congreso Nacional de Chile (Library of the

National Congress of Chile). Reportes Estadı́sticos Comunales:

Molina 2015 (County Statistical Reports: Molina 2015), 2019.

https://reportescomunales.bcn.cl/2015/index.php/Molina#Poblaci.

C3.B3n_seg.C3.BAn_pobreza_por_Ingresos_CASEN_2011_y_

2013.2C_Metodolog.C3.ADa_SAE_CASEN_2011-2013 (2

February 2020, date last accessed).

18. Biblioteca del Congreso Nacional de Chile (Library of the

National Congress of Chile). Reportes Estadı́sticos Comunales:

Molina 2012 (County Statistical Reports: Molina 2012),

2019. https://reportescomunales.bcn.cl/2012/index.php/Molina

(2 February 2020, date last accessed).

19. Ministerio de Desarrollo Social (Ministry of Social Development

of Chile). Sı́ntesis de Resultados de Salud: Encuesta CASEN

2017 (Sintesis of Health Results: CASEN Survey 2017), 2018.

http://observatorio.ministeriodesarrollosocial.gob.cl/casen-multi

dimensional/casen/docs/Resultados_Salud_casen_2017.pdf (2

February 2020, date last accessed).
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