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ABSTRACT

Objectives Diabetes is increasing rapidly in low-income
and middle-income countries. We aimed to estimate the
prevalence of diabetes, describe its correlates and its
associated dietary intake in urban adults from Colombia.
Setting The Colombian Study of Nutritional Profiles

was a population-based, cross-sectional, multi-stage
probabilistic sampling survey designed to represent the
five main Colombian cities.

Participants Between June and November 2018, we
studied 736 non-pregnant participants aged 18 or older.
Diabetes was defined as a random plasma glucose
>200mg/dL, self-reported prior diagnosis of diabetes or
use of any oral or injectable antidiabetic medication(s).
Participants also fulfilled a detailed 157-item food-
frequency questionnaire.

Primary and secondary outcome measures Prevalence
of diabetes, dietary intake of key nutrients, achievement of
dietary goals among individuals with diabetes.

Results The overall estimated prevalence of diabetes

was 10.1%, with no difference by sex (9.6% in women,
10.8% in men, p=0.43). The association between diabetes
and education level depended on sex, diabetes was more
prevalent among more educated men and less educated
women. Abdominal obesity was associated with a 65%
increase in diabetes prevalence among men, and a 163%
increase in women. Individuals with diabetes reported lower
mean consumption of all nutrients, but after adjustment by
sex, age, socioeconomic level (SEL) and body mass index,
only their lower sodium consumption remained significant
(p=0.013). The proportion of non-achievement of dietary
intake goals among participants with diabetes was 94.4%
for saturated fats, 86.7% for sodium, 84.4% for fibre and
80% for trans fats. In multivariate logistic regression models,
age was the strongest independent correlate of diabetes.
Conclusions Diabetes by self-report, random plasma
glucose or medication use was highly prevalent among
Colombian adults. There were large differences by
abdominal obesity status, region of residence, SEL and
educational level. The proportion of individuals with diabetes
meeting dietary recommendations was alarmingly low.

INTRODUCTION
The number of deaths attributed to diabetes
in the year 2010 was 3.96million, on average

Strengths and limitations of this study

» The study explored the prevalence of diabetes and
its associated dietary nutrient intake, as well as their
relationship to key demographic factors.

» The study had a population-based, probabilistic
sample from five cities in Colombia.

» Dietary intake was assessed with a food frequency
questionnaire adapted to national and regional di-
etary habits, and inquiring about usual behaviour,
rather than recent intake.

» Random plasma glucose and self-reported diabetes
may underestimate the real diabetes prevalence
compared with oral glucose tolerance tests or gly-
cated haemoglobin measurement.

» Our study did not include any participants from rural
areas, whose diabetes prevalence and associated
diet may differ significantly from those of urban
populations.

every eight seconds one person died from
diabetes somewhere in the world.' It is
estimated that, if current trends persist,
700 million adults will live with diabetes
by 2045.% As life expectancy increases, the
number of older adults with diabetes will rise
from 186 million to 276 million.?

In South and Central America, the age-
adjusted prevalence of diabetes has been
estimated at 8.5% in 2019 and is expected
to advance to 9.9% by 2045.* * Brazil and
Mexico, the most populated countries in
the region, occupy, respectively the fifth and
sixth position in the ranking of countries with
the most people with diabetes worldwide.”
The prevalence of diabetes varies widely
across Latin American countries. Current
data show that Puerto Rico and Mexico are
the countries with the highest prevalence
in the region (13.7% and 13.5%, respec-
tively), while Ecuador (5.5%) and Argentina
(5.9%) have the lowest.! *® Latin America
is the region where diabetes represents the
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largest proportion of total health expenditure (around
20% of total).? The cost of diabetes in Latin America and
the Caribbean in 2015 was estimated at 103-142billion
dollars, a sixfold to sevenfold increase relative to 2000.°
Rapid urbanisation and ageing are the two main drivers
of the diabetes epidemic in Latin America.'

Itis expected that, over the coming decades, the largest
increase in people with diabetes will occur in countries
experimenting the low-income to middle-income transi-
tion.""" ¥ The Prospective Urban and Rural Epidemiology
(PURE) study found that lower-income countries had
the highest age and sex-adjusted prevalence of diabetes
(average 12.3%), followed by upper-middle (average
11.1%), lower-middle (average 8.7%) and high-income
countries (average 6.6%)."

Colombia is a South American country of about
48 million inhabitants, in which no recent population-
based studies exploring the prevalence of diabetes or
the comparative characteristics of dietary intake among
individuals with diabetes are available. In Colombia, the
urbanisation phenomenon has been further complicated
by the internal displacement of hundreds of thousands of
citizens as a result a protracted internal conflict that only
came to an end in the recent years.'* The estimated cost
of diabetes in Colombia is the fourth largest in the region
below Brazil, Mexico and Venezuela.® The official sources
of information about the burden of diabetes in Colombia
are not population-based studies, but claim databases like
the High-Cost Account (Cuenta de Alto Costo—CAC),"
a registry kept by an association of Colombian health
insurance companies. Another frequently cited source
is Integrated Social Protection Information System
(Sistema Integrado de Informacién de Proteccién Social)
(www.sispro.gov.co), a database that compiles all health
services and procedures provided by the Colombian
health system.'® These sources are useful for planning the
provision of health services, but they cannot provide esti-
mations of diabetes and its associated factors at the popu-
lation level. For instance, the CAC reported a diabetes
prevalence of 2.2% between July 2016 and June 2017,
a figure far removed from all worldwide data in similar
countries and from International Diabetes Federation
(IDF) projections.”® ' ¥ Similarly, these official sources
based on care provision do not register relevant lifestyle
variables, so they do not allow the exploration of dietary
habits of people with diabetes in the general population.
There are, however, some sources of estimates for the
population prevalence of diabetes, but they are confined
to a specific population group. Thus, the SABE (from
the Spanish SAlud, Bienestar y Envejecimiento—health,
well-being and ageing) Colombia study found a rate of
self-reported diabetes of 18.5% among adults aged over
the age of 60 in 2015." A similar prevalence (17.5%) was
found in the SABE Bogota survey of older adults in the
country’s capital.*

In Colombia, population-based surveys have demon-
strated a notorious increase in both child and adult obesity
over the last two decades.”’ Such increases parallel those

observed in Mexico and other Latin American countries,
suggesting that the recent phenomena of mass urbani-
sation, westernisation of dietary habits and adoption of
sedentary behaviours are translating into a demographic
and nutrition transition in the whole region.” These
changes have disproportionately affected more economi-
cally vulnerable segments of the population.”

In addition to the recent rise in obesity, Colombia has
also experienced a slow but sustained increase in life
expectancy that started in the second half of the 20th
century, especially among women.** The combination of
these factors greatly favours the development of diabetes
and other chronic diseases, hence, the exploration of the
current of diabetes and its associated dietary behaviours
is of great importance.

Dietary behaviour is a crucial determinant of the degree
of control and the development of chronic complications
among individuals with diabetes. Dietary habits have a
large impact on various parameters directly related to the
risk of chronic complications, among them blood glucose
levels, plasma lipids and blood pressure.” Hence, the
adequate documentation and exploration of the dietary
habits of this population is of the utmost importance to
guide clinical strategies and public health policies aimed
at persons with diabetes. Despite the multiple combi-
nations of macronutrients that may be adjusted to each
person’s requirements and cultural preferences, most
guidelines agree on a few universal goals whose attain-
ment predicts a larger probability of diabetes control,
and prevention of chronic complications.® These goals
usually comprise the distribution of calories among the
different macronutrients, the restriction of dietary trans
fats, sodium and cholesterol, and the provision of an
adequate amount of dietary fibre. We expected that most
persons with diabetes would attain these dietary goals in
Colombian cities. Also, given the known association of
diabetes with excess body weight and hence a net positive
caloric balance, we expected caloric and nutrient intake
to be higher among individuals with diabetes.

Among the Latin American nations, Colombia is char-
acterised by a high degree of geographical, racial and
cultural diversity, with five clearly defined regions: (i) the
urban central plateau, where the capital city of Bogota is
located, (ii) the northern Caribbean region, very similar
to countries like Cuba or the Dominican Republic, (iii)
the Pacific coast, with major agricultural and industrial
development but also with widespread poverty and a
high proportion of Afro-Colombian population, (iv) the
northwestern or ‘paisa’ region, with a higher Caucasian
ancestry and a generally traditionalist population and (v)
the northeastern/Andean region, very mountainous and
with extensive native Colombian ancestry. Given that 81%
of the Colombian population lives currently in urban
centres, we undertook a study in five cities, one from each
region, in order to answer the following research ques-
tion: what is the prevalence of diabetes by random plasma
glucose, self-report or medication use in the main urban
centres of Colombia, and how does the nutrient intake
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of these individuals compare to that of people without
diabetes? An ancillary goal of the study was to explore to
what extent do people with diabetes achieve the interna-
tionally recommended dietary goals for individuals with
diabetes.

Given the recent rise in obesity rates, rapid urbanisa-
tion and increased life expectancy, we expected to find
a diabetes prevalence greater than that estimated from
prior national surveys, but still lower than that of the
largest Latin American countries Brazil and Mexico.

METHODS
COPEN (Estudio Colombiano de Perfiles Nutricio-
nales—Colombian Study of Nutritional Profiles) was a
population-based, cross-sectional, multi-stage sampling
survey designed to represent five cities, one from each
of Colombia’s major regions: Bogota (Central plateau),
Barranquilla (Caribbean region), Cali (Pacific region),
Medellin (Northwest or ‘paisa’ region) and Bucar-
amanga (northeast/Andean region). The sampling
frame was obtained from the last census of the Colom-
bian population, cartography was obtained from the
national geostatistical frame developed by the Colom-
bian National Department of Statistics (Departamento
Administrativo Nacional de Estadistica—DANE) and data
on socioeconomic level (SEL) came from the National
Superintendence of Public Services. In the first stage of
sampling we selected cartographic sectors, within sectors
we selected blocks (on average eight per cartographic
sector), within blocks we selected households, and within
households we selected individual participants. Within
each household, individuals were randomly selected
employing a Kish grid. The sample was stratified by city,
sex, age group and SEL. With this design and including
the design effect, the complete study sample yielded an
overall sampling error of 2.2%. The sampling errors for
each city were, respectively: Bogotd 4.0%, Medellin 5.0%,
Cali 5.0%, Barranquilla 5.6% and Bucaramanga 6.8%.
We excluded foreigners living in Colombia, individuals in
haemodialysis or peritoneal dialysis therapy and persons
with disabilities that precluded a reliable fulfilment of
the study questionnaire. The complete study sample
for COPEN was 1942 individuals, from which a random
subsample of 736 non-pregnant participants aged 18 or
older (representing 47.8% of all non-pregnant adults
in COPEN) participated in the analyses reported in this
paper. This was mainly due to cost constraints that did
not allow us to perform blood tests in all 1942 COPEN
participants. We selected individuals living in the house-
hold, regardless of whether they were family members
or working at the household. We performed at least two
attempts to interview the selected adult. If the individual
selected was still not present or declined to participate,
he/she was replaced by someone from the same sampling
stratum in a different household.

Information was captured using a tablet device
containing digital forms with proper validation rules,

developed for the study. All staff in charge of data collec-
tion was extensively trained by the study principal inves-
tigator. A random 10% of participants were recontacted
by phone in order to double-check the accuracy of the
information provided on date of birth, sex, city of resi-
dence, marital status, job status, educational level and
date of initial contact. We confirmed data on date of
birth, sex, city of residence, SES, marital status job status,
educational level and date of initial contact. In all vari-
ables, we had over 95% concordance with the values
originally reported. All data were collected between
June and November 2018. Online supplemental figure 1
summarises the scheme of participant recruitment for the
study.

Patients and public involvement

Respondents and the public were not involved in
the design of the study, but aggregated results will be
presented to local and national authorities to inform
public health policies concerning nutrition and primary
prevention of diabetes.

Measurements

We collected information on sex, date of birth, SEL,
marital status, educational level and employment status
using a standardised questionnaire. Since diabetes inci-
dence rises sharply at age 40 and peaks approximately
at age 60,7 age was operationalised for most analyses in
three groups: 18-39, 40-59 and 60-75 years. The SEL
that we employed for analyses was the one registered in
DANE for that particular block. After a brief introduction
about the importance of the accuracy of the measure-
ments to be performed, we measured height and weight
in all participants, and waist circumference in partici-
pants aged 18 and older. Height was measured using a
portable stadiometer supported on a firm surface, taking
care that the participant was barefoot, standing right and
with heels and calves touching the stadiometer. Weight
was measured in a solar digital scale with 100g sensi-
tivity and 200kg capacity, all study scales were calibrated
simultaneously the day before the study start, and every
week afterwards. Waist circumference was measured by
a sitting observer, directly over the participant’s skin, at
the midpoint between the last rib and the anterosuperior
iliac crest, using a flexible metallic measuring tape. All
measurements were performed in duplicate, and if there
was a between-measures discrepancy greater than 1cm
for height, 100g for weight or 1cm for waist circumfer-
ence, a third measurement was collected. For analyses we
used the average of each anthropometric measure.

SEL is classified in Colombia by the Statistics Depart-
ment DANE in 6 strata according to characteristics of the
residence (with stratum 1 being the lowest and stratum
6 being the highest).”® Residential dwellings are classi-
fied according to their physical characteristics and envi-
ronment. The methodology for this classification creates
homogeneous strata taking as input information about
land use, public utilities, access routes, topography, land
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valuation and property characteristics. The stratification
unit is the subzone, corresponding generally to a block.
Residential dwellings are classified in the predominant
stratum of the subzone, as long as their characteristics do
not differ ostensibly from the predominant conditions
in the group. Otherwise, they are considered outliers
and their stratum is assessed based on their particular
characteristics. This information is very well established,
updated and freely accessible for all the country. Given
that sociodemographic, income and human develop-
ment indicators are more similar for individuals living in
strata 4-6 than among the other strata,” we analysed SEL
in three groups, corresponding to strata 1-2 (low SEL),
3 (medium SEL) and 4-6 (high SEL). Marital status was
classified in three categories: (i) single, (ii) married or in
cohabitation and (iii) widowed or divorced. Educational
level was analysed as the highest completed level in three
categories: (i) elementary or lower, (ii) secondary or
technical and (iii) professional or higher. We interpreted
body mass index (BMI) according to the cut points
proposed by the WHO: underweight (BMI<18.5kg/m?),
normal weight (BMI>18.5and <25kg/m?), overweight
(BMI>25and <30kg/m?) and obesity (BMI>30kg/m?).
We defined abdominal obesity as a waist circumference
290 cm for women, and 294 cm for men, according to the
proposed cut-offs for Latin American adults.*’

Capillary blood specimens were collected by trained
staff following standardised procedures, blood glucose
levels were promptly measured and registered using an
Accu-Check meter. Since fasting could not be guaran-
teed, we considered that an individual had diabetes if
he/she met one of these three conditions: (i) a capillary
blood glucose level 2200 mg/dL, (ii) a self-reported prior
diagnosis of diabetes or (iii) self-reported use of an oral
or injectable antidiabetic medication.*

Usual dietary intake was assessed employing a 157-
item semi-quantitative food-frequency questionnaire
(FFQ). The FFQ was an enhanced and adapted version
of an earlier FFQ specifically designed for the Colom-
bian population.”” In a prior validation against four
independent 24-hour dietary recalls, a shorter version of
the FFQ showed a per cent of classification in the same
quartile of nutrient intake between 61% and 83%, and
Pearson correlation coefficients between 0.51 for protein
and 0.77 for carbohydrate.” Portion sizes were estab-
lished according to the reference unit most frequently
consumed for each food. There were nine possible
ingestion frequencies: (i) never, (ii) one to three times/
month, (iii) at least once/week, (iv) two to four times/
week, (v) five to six times/week; (vi) once a day, (vii) two
to three times a day, (viii) four to five times a day and (ix)
six or more times a day. Participants were asked to make
their selections based on their usual intake over the last
year. FFQs were individually administered by study staff.
The nutrient contribution of each food was calculated
according to composition tables by the Colombian Insti-
tute for Family Welfare (Instituto Colombiano de Biene-
star Familiar), the US Department of Agriculture and

manufacturer’s information. We only had very general
data on physical activity from the International Physical
Activity Questionnaire, short form. This instrument has
seven questions on the frequency and duration of light,
moderate or intense physical activity and approximate
number of sitting hours (sedentary behaviour), but we
considered that the degree of detail in the variable did
not allow for its use as a covariate for adjustment in our
analyses. The COPEN protocol and COPEN field mate-
rials (in Spanish) are provided as online supplemental
materials 1 and 2, respectively.

Data analysis

Prevalence of diabetes was estimated using sampling
weights reflecting city, sex, age group and SEL-specific
expansion factors according to the study multi-stage
sampling design. We did not have any missing data points
for sociodemographic factors, diabetes status or dietary
intake variables. The overall diabetes prevalence, as well
as the prevalence for men and women were age-adjusted
using the WHO standard population as reference popu-
lation.” The univariate associations between nominal
predictors and diabetes status were examined using x>
independence tests. To test for a linear trend in the asso-
ciation between ordinal predictors and diabetes status,
we report the p value associated with a rank-correlation
(Spearman) test between predictor and outcome. We
also ran multivariable logistic models in which sex, age
group, SEL and educational level were the indepen-
dent variables and diabetes status was the outcome. We
initially compared mean consumption of macronutrients
and micronutrients of interest between individuals with
or without diabetes using a one-way analysis of variance
(ANOVA), with diabetes as fixed factor. Since a higher
BMI is associated with diabetes risk and also with a higher
dietary nutrient intake, linear regressions were used to
estimate nutrient intakes in participants with or without
diabetes adjusted for age, sex, BMI and SEL (one model
per nutrient). We explored the achievement of dietary
recommendations among individuals with diabetes,
expressed as the percent of individuals with diabetes who
met the protein (215% of total caloric intake (TCI)),
saturated fat (SFA) (<7% of TCI), monounsaturated fat
(MUFA) (212% of TCI) and trans fat (<1g/day) recom-
mendations set by the by the Latin American Diabetes
Association® and the fibre (14g per each 1000 calories)
and sodium (<2300mg/day) goals set by the American
Diabetes Association.” In order to explore factors asso-
ciated with achievement of dietary goals, we also built a
series of nested multivariable logistic models, in which
achievement of each dietary goal was the outcome. Model
1 had as predictors only sex and age, model 2 had all vari-
ables in model 1 plus SEL, model 3 had all variables in
model 2 plus city, model 4 had all variables in model 3
plus BMI and model 5 had all variables in model 4 plus
diabetes status. All analyses were performed in SPSS for
Windows, V.21.
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Table 1 Characteristics of the study sample

Men n=331 Women n=405 Total n=736
n (%) n (%) n (%)
Age (years) 18-39 129 (39.0) 159 (39.3) 288 (39.1)
40-59 108 (32.6) 127 (31.4) 235 (31.9)
60-75 94 (28.4) 119 (29.4) 213 (28.9)
City Barranquilla 66 (19.9) 66 (16.3) 132 (17.9)
Bogota 109 (32.9) 141 (34.8) 250 (34.0)
Bucaramanga 38 (11.5) 48 (11.9) 86 (11.7)
Cali 50 (15.1) (18.8) 126 (17.1)
Medellin 68 (20.5) 4 (18.3) 142 (19.3)
Marital status Single 151 (45.6) 139 (34.3) 290 (39.4)
Married/cohabitation 155 (46.8) 200 (49.4) 355 (48.2)
Widowed/divorced 25 (7.6) 66 (16.3) 91 (12.4)
Educational level Elementary or lower 66 (19.9) 90 (22.2) 156 (21.2)
Secondary or technical 191 (57.7) 246 (58.2) 427 (58.0)
Professional or higher 74 (22.4) 79 (19.5) 153 (20.8)
Socioeconomic level Low 131 (39.6) 166 (41.0) 297 (40.4)
Medium 98 (29.6) 121 (29.9) 219 (29.8)
High 102 (30.8) 118 (29.1) 220 (29.9)
BMI (Mean+SD) 25.9+4.7 28.0+6.5 27.1+5.8
Abdominal obesity (n=723) Yes 166 (51.6) 118 (29.4) 284 (39.3)
No 156 (48.4) 283 (70.6) 445 (60.7)

Educational level refers to the highest level completed. Socioeconomic level (SEL) according to Colombia’s official Statistics Department-
DANE stratification scheme, using criteria about land use, public utilities, access routes, topography, land valuation and property
characteristics of the property inhabited by the household. Low SEL includes strata 1 and 2, medium SEL includes only stratum 3, and high
SEL includes strata 4, 5 and 6. Data are n (%) unless indicated otherwise.

BMI, body mass index.

RESULTS

We studied 736 adults (45% men): 132 from Barran-
quilla, 250 from Bogotd, 86 from Bucaramanga, 126 from
Cali and 142 from Medellin. Mean age was 46.1+17.6
years, about a third of participants were older than 60.
Mean BMI was higher in women than men. There were
similar proportions of single and married participants,
while widowed or divorced individuals were the minority.
There was approximately one-third of the sample in each
of the low, medium and high SEL categories. Only a fifth
of study participants had a college or higher degree, and
about a fifth had only elementary or lower education
(table 1).

Compared with the official population data from
Colombia reported to the UN,35 the sex and marital status
distribution of urban adults aged 20-75 in Colombia
was similar to that of our sample. We had a mild over-
representation of adults aged 60-75 (28.9 vs 14.5% in
the general population). Since we only included the five
major cities, we believe this may be due to better living
conditions and healthcare in large metropolitan areas
that cause a greater longevity in large urban centres.

The overall estimated prevalence of diabetes was
10.1%+3.2% (age-adjusted 9.44+3.0%), with no signif-
icant difference between sexes (9.6%+4.3% in women,
10.8%+4.7% in men; p=0.43, age-adjusted 9.5%=4.1%
in women, 9.2%+4.0% in men) (figure 1). The preva-
lence was highest in Medellin (20.5%+7.2%), followed
by Cali (9.2%+7.5%), Bogota (8.1%+5.3%), Barran-
quilla (8.0%%7.9%) and Bucaramanga (7.4%9.9%). As
expected, the prevalence of diabetes increased mono-
tonically with age in both men and women (p for the
difference among age groups and p trend both <0.001).
For age groups 18-39 and 40-59, men had a numerically
higher prevalence of diabetes than women, while in the
60-75 age group the opposite was true (figure 1). The
association between educational level and diabetes prev-
alence was dependent on sex. Among men, prevalence
went from 7.0% for those with elementary education or
lower, to 13.8% for those with a professional or higher
degree. On the other hand, diabetes prevalence among
women decreased steadily with higher education, going
from 12.5% in the elementary or lower education group,
to 7.2% in the professional or higher educational level
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according to Colombia’s official Statistics Department-DANE
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strata 4, 5 and 6. Data are prevalences using sampling
weights. P value for the overall difference in diabetes
prevalence among SELs=0.11. P value for the trend in
diabetes prevalence with increasing SEL=0.04.

group (figure 2A). Conversely, diabetes prevalence
increased with SEL, so that prevalence in the highest
SEL almost doubled that of the lowest SEL (figure 2B) (p
value for the trend in diabetes prevalence with increasing
SEL=0.04).

Diabetes was more common as BMI increased, going
from 8.0% in the normal/underweight category to 12.4%
for obesity (p trend <0.001). While diabetes was almost
equally prevalent among normal weight men and women,
it was far more common in the male sex in the overweight
and obesity categories (online supplemental figure 2A).
Abdominal obesity was strongly associated with diabetes.
The relative increase in diabetes prevalence for individ-
uals with abdominal obesity versus without it was 65%
in men and 163% (2.63-fold) in women (online supple-
mental figure 2B).

Unexpectedly, in analyses of dietary nutrient intake,
people with diabetes reported a lower consumption of
virtually all the nutrients. Consequently, the mean reported
daily caloric intake was significantly lower for people with
diabetes. This trend was observed for carbohydrates, total
lipids, protein, SFA, MUFA and polyunsaturated fats (PUFA),
trans fats, cholesterol, sodium and fibre (table 2). The mean
daily consumption of trans fats by individuals with diabetes
(2.0x1.2g/day) was significantly lower than in individuals
without diabetes (2.4+1.8g/day, p=0.005), but still much
higher than the recommended limit of maximum 1g/day.
Similarly, persons with diabetes reported a significantly lower
intake of sodium (3840+1913mg/day vs 5330+2767mg/
day, p<0.001). People with diabetes showed a trend towards
lower consumption of fibre, that did not reach statistical
significance (33.2+14.1g/day vs 37.9+16.9g/day, p=0.077).

The macronutrient composition of the diet showed only
small variations by diabetes status. For individuals with and
without diabetes, the proportions of TCI from each macro-
nutrient were, respectively: carbohydrates 46.8% versus
48.3%, proteins 15.8% versus 14.2% and lipids 36.5% versus
36.1%. Only the slightly higher proportion of TCI from
protein was statistically significant (p<0.001) (online supple-
mental figure 3A). In terms of fat types, there were also very
slight differences according to diabetes status. The propor-
tions of TCI coming from each type of fat in individuals
with versus without diabetes were, respectively: 11.7% versus
11.1% for SFA, 15.9% versus 14.7% for MUFA and 8.1%
versus 8.4% for PUFA (online supplemental figure 3B).
The 1.8% higher TCI from MUFA in the diabetes group was
statistically significant (p=0.031).

When assessing the compliance of self-reported
nutrient intake with current guidelines, the proportion
of people with diabetes not meeting the dietary goal for
SFA was an alarming 94.4%. Goal non-achievement was
similarly high for sodium (86.7%), dietary fibre (84.4%)
and trans fats (80%). For protein and MUFA goals, these
proportions were lower (45.6% and 16.7%, respectively).

The achievement of dietary goals was associated with
demographic factors and with the presence of diabetes
(online supplemental table 1). Men were much less
likely to achieve the sodium (5.4% vs 11.4% in women)
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Table 2 Daily intake of macronutrients, cholesterol, sodium and fibre, by diabetes diagnosis

Diabetes diagnosis

No Yes Difference Univariate p value

Calories (cal/kg/day) 58.5+31.2 44.1+22.4 -14.4 <0.001
Carbohydrates (g/kg/day) 7.08+3.9 5.18+3.1 -1.90 0.002
Protein (g/kg/day) 2.03+1.2 1.72+0.8 -0.31 0.076
Lipids (g/kg/day) 2.35+1.4 1.79+1 -0.56 <0.001
SFA (g/kg/day) 0.73+0.5 0.58+0.4 -0.14 0.017
MUFA (g/kg/day) 0.96+0.6 0.79+0.4 -0.17 0.01

PUFA (g/kg/day) 0.56+0.4 0.39+0.3 -0.17 <0.001
Trans fatty acids (mg/day) 2.4+1.8 2.0+1.2 —-0.41 0.005
Cholesterol (mg/day) 702.5+494.3 647.8+442 1 -54.7 0.75

Sodium (mg/day) 5330+2767 3840+1913.2 -1490 <0.001
Fibre (g/day) 37.9+16.9 33.2+14.1 —4.72 0.077

Data are means using sampling weights+SD.

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.

and fibre (8.5% vs 13.1% in women) recommendations.
Participants aged 18-39 were less likely to meet the trans
fats and sodium recommendations than their older coun-
terparts. Achievement of the trans fats goal was lowest
in Bogotd, while for sodium intake the lowest degree
of achievement was found in Barranquilla (only 3.8%).
Consumption of the recommended amount of dietary
fibre was particularly low in Medellin (4.2%). The propor-
tion of people from a high SEL. meeting the SFA recom-
mendation was also very low (2.3%). Despite the observed
differences in mean nutrient intake between persons with
or without diabetes, the degree of goal achievement was
only markedly different for sodium (13.3% in diabetes
vs 8.0 in no diabetes) and protein (54.4% in diabetes vs
36.4% in no diabetes).

In a mutually adjusted logistical model that included
sex, age, city of residence, BMI, SEL and educational level
as covariates, only age group (p<0.001) and city of resi-
dence (p=0.019) were significant predictors of diabetes
status. The ORs relative to age group 18-39 were 2.12
(95% CI 1.09 to 4.01) for age group 40-59 and 4.28 (95%
CI 2.24 to 8.19) for age group 60-75 (details of model
available on request). Despite the notorious difference in
diabetes prevalence between men and women depending
on SEL and educational level, the respective interaction
terms were not statistically significant (p=0.074 for the
sexxSEL interaction, p=0.24 for the sexxeducational level
interaction term). In this model, the adjusted prevalence
of diabetes was significantly higher among men than
women in the low SEL (p=0.035).

After adjusting for sex, age, SEL and BMI, the relative
difference in nutrient intake between persons with versus
without diabetes ranged between -2.7% for cholesterol
and -24.7% for PUFA (figure 3). After adjustment by sex,
age, SEL and BMI, however, only the lower consumption
of sodium among individuals with diabetes retained statis-
tical significance (p=0.013).

In nested logistic models, the variables significantly
associated with attainment of dietary recommendations
were different for each goal in the fully adjusted model
(table 3). Despite the reported lower intake of most nutri-
ents by participants with diabetes, diabetes status only had
a significant independent association with meeting the
goal for dietary protein (OR 2.03, 95% CI 1.26 to 3.26).
Male sex showed a negative association with meeting the
dietary recommendations for sodium (OR 0.45, 95% CI
0.25 to 0.82), MUFA (OR 0.60, 95% CI 0.41 to 0.87) and
fibre (OR 0.58, 95% CI 0.35 to 0.96). On the other hand,

-40% -30% -20% -10% O 10%
. -19.2
Calories —
-19.
Carbohydrates —9.8—
-11.7
Proteins - 1
-20.2
Lipids ———
-15.8
Saturated fatty acids ——
-14.
Monounsaturated fatty acids —03—
-24.7
Polyunsaturated fatty acids —e——
-17.6
Trans fatty acids ——
2.7
Cholesterol — e
) 232 .
Sodium ——@——
) -9.4
Fiber ——

Lower in individuals  Higher in individuals

with diabetes  with diabetes
Figure 3 Per cent difference in adjusted nutrient intake,
between individuals with diabetes and individuals without
diabetes. Dots represent medians and lines represent Q1-
Q4. Differences were estimated using linear regressions
including diabetes status, age, sex, body mass index and
socioeconomic level as predictors. *P=0.013 for the adjusted
comparison of individuals with versus without diabetes.
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age was positively associated with meeting the recom-
mendations for TFA (OR 1.019 per year, 95% CI 1.007
to 1.031), sodium (OR 1.026 per year, 95% CI 1.008 to
1.044) and fibre (OR 1.036 per year, 95% CI 1.019 to
1.053). Participants from high SEL were more likely to
meet the goals for protein (OR 2.01,95% CI 1.38 to 2.93),
but less likely to meet the goal for SFA (OR 0.16, 95% CI
0.06 to 0.42). Individuals with obesity were more likely
to reach the dietary protein recommendation (OR 2.02,
95% CI 1.33 to 3.07). Participants from Cali or Bucara-
manga were more likely to attain the TFA goal (compared
with Bogota), while those from Medellin were less likely
to meet the dietary fibre goal.

DISCUSSION

We performed a population-based study to describe
diabetes prevalence and associated dietary nutrient inges-
tion patterns in five Colombian cities representing the
main regions of the country. We found an overall prev-
alence of 10.1% based on random plasma glucose, self-
reported diabetes or medication use. Diabetes was more
common with older age, higher SEL, excess body weight,
abdominal obesity and among residents of Medellin. The
association between diabetes prevalence and education
was dependent on sex: a higher educational level was asso-
ciated with a lower prevalence of diabetes among women
and with a higher prevalence of diabetes among men.
People with diabetes reported significantly less caloric
intake than those without diabetes, a difference that
was also present for most macronutrients, but retained
statistical significance after adjustment only in the case of
dietary sodium. When compared with current guidelines,
the proportion of individuals with diabetes not achieving
dietary recommendations for SFA, MUFA, trans fats, fibre
and sodium was remarkably high. We also found that the
odds of achieving dietary recommendations were largely
influenced by sex, age group, city of residence and in the
case of dietary protein, diabetes status.

The reported prevalence of diabetes in Colombia varies
widely across studies and official documents, reflecting
a lack of accurate population-level data, a problem
common to many low-income and middle-income coun-
tries. The International Diabetes Federation Diabetes
Atlas 2019 estimated an adjusted diabetes prevalence of
7.4% for the Colombian population,” and the WHO in
its 2016 Diabetes Country Profiles reported a total preva-
lence of 8.0%.? Meanwhile, the above-mentioned PURE
study reported a prevalence of 11.1% for the population
aged 35-70 from upper-middle-income countries,"” much
higher than the national survey done by the Colombian
government in 2007,” which found a 3.5% prevalence
of self-reported diabetes in adults aged 18-69.” Results
from regional studies are similarly heterogeneous. The
CARMELA study, a population-based study in large Latin
American cities, found a diabetes prevalence of 8.1% in
Bogotd in 2006, similar to the 8.9% found in the Colom-
bian Caribbean city of Cartagena in 2005.* A comparison

of our findings with prior studies reveals that the diabetes
epidemic seems to be progressing faster in smaller cities
in Latin America. For example, diabetes prevalence in a
2006 study of adults in Bucaramanga was only 4%, while
we found 7.4% in the same city." We found a compa-
rable diabetes prevalence for most of the cities except for
Medellin, where we found a much larger figure. A popu-
lation study undertaken in Medellin and its suburbs in
2008-2010" found a prevalence of high plasma glucose
(fasting plasma glucose >100mg/dL or taking antidi-
abetic medication) of 19.8%, quite comparable to our
20.1% by random plasma glucose >200 mg/dL or diabetes
self-report, despite the different definition. By compar-
ison with results from both IDF and WHO estimates and
from national studies, our results seem to confirm a size-
able increase in the prevalence of diabetes in Colombian
cities. Further studies are needed in order to identify
potential genetic, demographic or cultural reasons for
the high prevalence of hyperglycaemic disorders in this
region of the country.

Worldwide, the prevalence and societal burden of
diabetes have been increasing steadily in recent years.
Diabetes has moved from being the 10th most relevant
cause of disability-adjusted life years lost in 1990, to being
the 4th in 2005 and the 3rd in 2015.” The rapid expan-
sion of the diabetes epidemic is being driven mostly by
small prevalence increases in largely populated Asian
countries (China and India),"” but also by sustained prev-
alence increases in developed countries in Europe and
North America. According to the IDF Diabetes Atlas
2019, diabetes prevalence among adults in the North
America and Caribbean region was estimated at 13.3%,
while in Europe it was 8.9%.% The most recent estimate
of the US Centers for Disease Control places diabetes
prevalence in the USA at 13.0%.* Thus, our estimations
worryingly place the prevalence of diabetes among urban
adults from Colombia at a level close to that of developed
countries, and to that of Latin American countries tradi-
tionally leading diabetes prevalence statistics like Brazil
(11.4%) and Mexico (15.1%).% Overall, our study led to
an estimate of diabetes prevalence much more plausible
and coherent with international projections than data
from existing national health surveys.

The most important independent correlate of diabetes
in our study was increasing age, as has been described for
most populations worldwide.* Our study found an esti-
mated prevalence of diabetes among older adults remark-
ably close to that encountered in recent surveys from the
SABE study (17.5% in SABE Bogotd, executed in 2012%;
18.5% in SABE Colombia, executed in 2015' and 20.6%
in COPEN, executed in 2018). Thus, recent data support
the idea of an accelerated increase in the prevalence of
diabetes among older adults in Colombia. For the most
part, the relationship between socioeconomic status and
diabetes is consistent in high-income countries: a lower
position increases risk.** Meanwhile, the magnitude
and direction of this association in middle-income and
low-income countries is conflicting across studies, perhaps

Mendivil CO, et al. BMJ Open 2021;11:€042050. doi:10.1136/bmjopen-2020-042050

11



due to imperfect data, to the use of different proxies for
SEL, or to the rapid development of demographic and
nutritional transitions that affect them in ways different
from what takes place in the developed world.*" In
Colombia, the higher prevalence of diagnosed diabetes
with higher SEL may be explained at least partially by
increased access to medical care and diabetes screening
with higher income.”

Prior studies had found an interaction between sex and
educational level, so that more educated women had a
lower prevalence of diabetes. A large multi-national study
reported increasing odds of diabetes as education increased
among men from middle-income countries. For women,
the association was flat or slightly negative.” Other studies
of the associations between socioeconomic variables and
diabetes have also found a different pattern according to
sex.” % Studies from Mexico,”® Argentina® and Brazil®™®
have also documented higher rates of obesity and diabetes
among more educated men and less educated women.
Many factors could explain these results, but one that may
apply to our context is a larger degree of body dissatisfac-
tion among women, that increases with higher education.
A study in Bogota showed that women with higher educa-
tion were more likely to identify thinner body silhouettes as
their preferred ones.” Our results complement a body of
evidence suggesting that education of women may be a tool
in the fight against the diabetes epidemic in low-income and
middle-income countries.

We were surprised to find a lower self-reported weight-
adjusted intake of calories and all macronutrients among
persons with diabetes. An optimistic interpretation of this
finding would be that it shows good adherence to dietary
recommendations. However, such interpretation should be
made with caution, as it is known that people with diabetes
and obesity frequently under-report their caloric intake.”

The fact that the lower mean intake of all nutrients but
sodium in people with diabetes lost significance after multi-
variate adjustment, suggests that major sociodemographic
factors (older age) and a higher BMI are the main factors
explaining a lower reported dietary intake in persons with
diabetes. In any event, these differences did not result in
increased odds of achieving dietary recommended intakes
of key nutrients, as only reaching the %TCI from protein
was independently associated with diabetes status.

Despite reporting quantitatively less intake of most
nutrients, the relative proportion of macronutrients from
each source in participants with diabetes was remarkably
similar to that of people without diabetes. This finding
also applied to fat subtypes: SFA, MUFA and PUFA repre-
sented a comparable share of TCI regardless of diabetes
status. This points out that individuals with diabetes
(many of whom know already know about their diabetes
status), are not modifying their diets enough to intention-
ally increase the per cent of calories from MUFA, as well as
reducing their intake of SFA and TFA. A survey of patients
with type 2 diabetes from general practices in the Neth-
erlands found a 15% mean TCI from SFA at the moment
of diagnosis, which had descended to 11.9% by 4years

after diagnosis.”" This is still far from the recommenda-
tion of <7% TCI from SFA. Thus, excessive consumption
of SFA by people with diabetes seems to be a ubiquitous
problem.

The intake of dietary fibre was equally concerning, in
this case because of too little consumption, a problem
that was more evident in participants who were younger,
male or lived in Medellin. A meta-analysis of randomised
controlled trials concluded that diets with foods rich in
fibre up to 42.5g/day reduced glycated haemoglobin by
a mean 0.55% and fasting plasma glucose by 9.9mg/dL
in persons with diabetes.” Hence, a low consumption of
dietary fibre constitutes a lost opportunity for improving
the health of persons with diabetes. Dietary TFA are a
powerful cardiovascular risk factor, even at intakes as low
as 2% of TCI. For this reason, their intake is restricted
by most dietary guidelines to less than 1g/day, with
special emphasis on populations at high baseline risk for
cardiovascular disease, like people with diabetes or older
people.”® We found that only one in every five individ-
uals with diabetes was achieving this goal, and the odds of
achieving it were significantly lower with younger age or
higher SEL, probably in relation with a higher consump-
tion of processed, industrialised foods.”” TFA intake is
an independent predictor of total and cardiovascular
mortality,”* so extreme efforts should be put in place in
order to limit their consumption both in the general
population and among persons with diabetes.

Our results bring out many areas of potential interven-
tion for nutritional prevention, which are particularly
relevant in our context. Nutritional education of people
with diabetes in low-income and middle-income coun-
tries is an urgent measure with large potential benefits
and minimal risks.

Limitations of our study include the entirely urban
sample, given the recent increase in obesity in rural
areas in the continent” and Colombia.* It is important,
however, that the proportion of total population living
in urban centres is in Colombia is 77.1%,% a result of
accelerated urbanisation induced by years of internal
conflict that has impacted the epidemiological profile of
the country.'* Another relevant limitation was the unavail-
ability of oral glucose tolerance test (OGTT) data, so our
ascertainment of diabetes status relied on random plasma
glucose measurement and diabetes self-report, which may
lead to underestimation of the true disease prevalence.
OGTT is the most sensitive test for diabetes diagnosis but
performing it would have imposed great complexities on
the logistics of the study. We acknowledge that the prev-
alences we report, high as they seem, are most likely an
underestimation. Concerning the instrument to measure
dietary intake, FFQs have the advantage of inquiring
about usual (rather than recent) intake, to be more
comprehensive than 24-hour dietary recalls, and not as
susceptible to modification by recent diet as food diaries.
They do have the limitations of tending to overestimate
TCI, and of having to be adjusted for different popula-
tions. However, the problems inherent to recall bias exist
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for all dietary assessment tools, except for food diaries,
which are seldom used in epidemiology. FFQs have been
shown to successfully assess average dietary intake up
to 4 years prior to their application.”® Finally, our study
did not collect detailed information on lifestyle variables
like smoking or physical activity, which may explain or
correlate with the described dietary intakes.

In summary, our results confirm a continued progres-
sion of the diabetes epidemic in Colombia, a middle-
income country, and its relationship with demographic
and socioeconomic factors. We also found remarkably
low rates of achievement of key nutritional goals among
individuals with diabetes, and identified factors associated
with their achievement. Further research focused in rural
areas is needed in order to build a complete picture of
the evolution of the diabetes epidemic in the low-income
and middle-income world.

Contributors COM participated in study conception, supervised study activities,
participated in its execution, data analysis and in manuscript writing. SAGR
participated in study execution, data analysis and manuscript writing. MJP-J
participated in study execution, data analysis and manuscript writing. LDN-B
participated in study execution, data analysis and manuscript writing. AM-R
participated in study execution, data analysis and manuscript writing. EB-V
participated in study conception, and participated in study execution, data analysis
and in manuscript writing.

Funding This study was funded by Team Foods Colombia (068-2018).

Disclaimer The sponsor had no direct influence in the study design, execution or
analysis, or on the decision to publish.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval All participants provided written informed consent. All study
procedures were performed according to the principles of the Declaration of
Helsinki, and to local rules and regulations as provided by Resolution 8430 of
1993 of the Colombian Ministry of Health. The study was approved by the IRB of
Universidad de los Andes (Comité de Etica de la Vicerrectoria de Investigaciones),
according to minute 1016 of 27 April 2018.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.
The study dataset and its associated variable definitions file have been publicly
deposited in the dryad repository, they can be consulted under the following link:
https://doi.org/10.5061/dryad.sqv9s4n2n.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Carlos O Mendivil http://orcid.org/0000-0001-5546-4206

REFERENCES

1 Roglic G, Unwin N. Mortality attributable to diabetes: estimates for
the year 2010. Diabetes Res Clin Pract 2010;87:15-19.

2 Saeedi P, Petersohn |, Salpea P, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas,
9th edition. Diabetes Res Clin Pract 2019;157:107843.

3 Aschner P. Diabetes trends in Latin America. Diabetes Metab Res
Rev 2002;18(Suppl 3):S27-31.

4 Pérez CM, Soto-Salgado M, Suérez E, et al. High prevalence of
diabetes and prediabetes and their coexistence with cardiovascular
risk factors in a Hispanic community. J Immigr Minor Health
2015;17:1002-9.

5 Villalpando S, de la Cruz V, Rojas R, et al. Prevalence and
distribution of type 2 diabetes mellitus in Mexican adult population:
a probabilistic survey. Salud Publica Mex 2010;52(Suppl
1):S19-26.

6 Altamirano Cordero LC, Vasquez-C MA, Cordero G. Prevalencia
de la diabetes mellitus tipo 2 y sus factores de riesgo en
individuos adultos de la ciudad de Cuenca- Ecuador. Avan Biomed
2017;6:10-21.

7 Ferrante D, Linetzky B, Konfino J, et al. Encuesta Nacional
de Factores de Riesgo 2009: Evolucién de la epidemia de
Enfermedades crénicas no trasmisibles en Argentina. estudio de
corte transversal. Rev Argent Salud Publica 2011;2:34-41.

8 Rubinstein A, Gutierrez L, Beratarrechea A, Irazola V, et al. Increased
prevalence of diabetes in Argentina is due to easier health care
access rather than to an actual increase in prevalence. PLoS One
2014;9:€92245.

9 Barcelo A, Arredondo A, Gordillo-Tobar A, et al. The cost of diabetes
in Latin America and the Caribbean in 2015: evidence for decision
and policy makers. J Glob Health 2017;7:020410.

10 Aschner P, Aguilar-Salinas C, Aguirre L, et al. Diabetes in
South and central America: an update. Diabetes Res Clin Pract
2014;103:238-43.

11 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
epidemiological studies with 370 country-years and 2-7 million
participants. Lancet 2011;378:31-40.

12 World Health Organization. Global report on diabetes. Geneva,
Switzerland, 2016. ISBN: 978 92 4 156525 7.

13 Dagenais GR, Gerstein HC, Zhang X, et al. Variations in diabetes
prevalence in low-, middle-, and high-income countries: results from
the prospective urban and rural epidemiological study. Diabetes Care
2016;39:780-7.

14 McEniry M, Samper-Ternent R, Flérez CE, et al. Early life
displacement due to armed conflict and violence, early nutrition, and
older adult hypertension, diabetes, and obesity in the middle-income
country of Colombia. J Aging Health 2019;31:1479-502.

15 Costo CdeA. Situacion de la enfermedad renal crénica, La
hipertension arterial Y La diabetes mellitus en Colombia 2017. ISSN:
2322-6323. Bogotd, Colombia 2018.

16 Barengo NC, Tamayo DC. Reported diabetes mellitus prevalence
rates in the Colombia healthcare system from 2009 to 2012: analysis
by regions using data of the official information sources. Int J
Endocrinol 2015;2015:946419.

17 ZhengY, Ley SH, Hu FB. Global aetiology and epidemiology of
type 2 diabetes mellitus and its complications. Nat Rev Endocrinol
2018;14:88-98.

18 Zimmet PZ. Diabetes and its drivers: the largest epidemic in human
history? Clin Diabetes Endocrinol 2017;3:1.

19 National Ministry of Health of Colombia. SABE Colombia 2015:
estudio Nacional de Salud, Bienestar Y Envejecimiento. executive
summary. Available: https://www.minsalud.gov.co/sites/rid/Lists/
BibliotecaDigital/RIDE/VS/ED/GCFI/Resumen-Ejecutivo-Encuesta-
SABE.pdf [Accessed 10 Nov 2020].

20 Morros-Gonzalez E, Borda MG, Reyes-Ortiz C, et al. The elderly with
diabetes and associated factors. SABE study, Bogota, Colombia.
Acta Med Colomb 2017;42:230-6.

21 Ministerio de Salud y Proteccién Social. Encuesta Nacional de la
Situacion Nutricional en Colombia ENSIN-2015. Available: https://
www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/
GCFl/ensin-colombia-2018.pdf [Accessed 10 Nov 2020].

22 Jimenez-Mora MA, Nieves-Barreto LD, Montafio-Rodriguez A, et al.
Association of overweight, obesity and abdominal obesity with
socioeconomic status and educational level in Colombia. Diabetes
Metab Syndr,Obes 2020;13:1887-98.

23 Rivera Juan Angel, de Cossio TG, Pedraza LS, et al. Childhood and
adolescent overweight and obesity in Latin America: a systematic
review. Lancet Diabetes Endocrinol 2014;2:321-32.

Mendivil CO, et al. BMJ Open 2021;11:€042050. doi:10.1136/bmjopen-2020-042050

13


https://doi.org/10.5061/dryad.sqv9s4n2n
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5546-4206
http://dx.doi.org/10.1016/j.diabres.2009.10.006
http://dx.doi.org/10.1016/j.diabres.2019.107843
http://dx.doi.org/10.1002/dmrr.280
http://dx.doi.org/10.1002/dmrr.280
http://dx.doi.org/10.1007/s10903-014-0025-8
http://dx.doi.org/10.1590/S0036-36342010000700005
http://dx.doi.org/10.1371/journal.pone.0092245
http://dx.doi.org/10.7189/jogh.07.020410
http://dx.doi.org/10.1016/j.diabres.2013.11.010
http://dx.doi.org/10.1016/S0140-6736(11)60679-X
http://dx.doi.org/10.2337/dc15-2338
http://dx.doi.org/10.1177/0898264318778111
http://dx.doi.org/10.1155/2015/946419
http://dx.doi.org/10.1155/2015/946419
http://dx.doi.org/10.1038/nrendo.2017.151
http://dx.doi.org/10.1186/s40842-016-0039-3
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/Resumen-Ejecutivo-Encuesta-SABE.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/Resumen-Ejecutivo-Encuesta-SABE.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/Resumen-Ejecutivo-Encuesta-SABE.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/ensin-colombia-2018.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/ensin-colombia-2018.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/ED/GCFI/ensin-colombia-2018.pdf
http://dx.doi.org/10.2147/DMSO.S244761
http://dx.doi.org/10.2147/DMSO.S244761
http://dx.doi.org/10.1016/S2213-8587(13)70173-6

24

25

26

27

28

The World Bank - Data. Life expectancy at birth, female (years) -
Colombia. Available: https://data.worldbank.org/indicator/SP.DYN.
LEQO.IN?locations=CO [Accessed 10 Nov 2020].

Wheeler ML, Dunbar SA, Jaacks LM, et al. Macronutrients, food
groups, and eating patterns in the management of diabetes:

a systematic review of the literature, 2010. Diabetes Care
2012;35:434-45.

Franz MJ. Diabetes nutrition therapy: effectiveness, macronutrients,
eating patterns and weight management. Am J Med Sci
2016;351:374-9.

Khan MAB, Hashim MJ, King JK, et al. epidemiology of type 2
diabetes - global burden of disease and forecasted trends. J
Epidemiol Glob Health 2020;10:107-11.

Departamento Administrativo Nacional de Estadistica. Metodologia
de Estratificacion Socioecondmica Urbana para Servicios Publicos
Domiciliarios. Bogota, Colombia: DANE, 2015. https://www.dane.
gov.co/files/geoestadistica/estratificacion/ManualdeRealizacion.pdf

46

47

48

49

50

Stringhini S, Zaninotto P, Kumari M, et al. Lifecourse socioeconomic
status and type 2 diabetes: the role of chronic inflammation in the
English longitudinal study of ageing. Sci Rep 2016;6:24780.
Braveman PA, Cubbin C, Egerter S, et al. Socioeconomic disparities
in health in the United States: what the patterns tell us. Am J Public
Health 2010;100(Suppl 1):S186-96.

Sacerdote C, Ricceri F, Rolandsson O, et al. Lower educational level
is a predictor of incident type 2 diabetes in European countries: the
EPIC-InterAct study. Int J Epidemiol 2012;41:1162-73.

Agardh E, Allebeck P, Hallgvist J, et al. Type 2 diabetes incidence
and socio-economic position: a systematic review and meta-
analysis. Int J Epidemiol 2011;40:804-18.

Williams J, Allen L, Wickramasinghe K, et al. A systematic

review of associations between non-communicable diseases

and socioeconomic status within low- and lower-middle-income
countries. J Glob Health 2018;8:020409.

. oo e 51 Hosseinpoor AR, Bergen N, Mendis S, et al. Socioeconomic

29 ':csjmr}z: S\‘/fi:tegi?éig’feBrggg\{f:t g:t;ﬂ}s%f:mn;:;gfggﬁ cutoff inequa]ity in‘the prevalencg of noncommunicable diseases in low-
abdominal obesity in Latin American men and women. Diabetes Res and mldd|§—|ncome countries: results from the world health survey.
Clin Pract 2011:93:243—7 BMC Public Health 2012;12:474.

30 Aschner P, Men‘divil co. F"inzon JB. Guias ALAD sobre El 52 Qarcia-Subirats I, Varga; I, Mogollén-Pérez AS, et al. Inequit.ies
diagnostico, control Y tratamiento de la diabetes mellitus Tipo n ac_cgss .t.o health care in dn‘ferept health systems: a stud_y in
2 Con medicina Basada en Evidencia. Edicién 2013. Rev ALAD munICIpalltles of central Colombia and north-eastern Brazil. Int J
2013:3:1-142. ’ Equity Health 2014;13:10. . . o

31 Monsalve JM, Gonzélez LI. Disefio de un cuestionario de frecuencia 53 Wang A, Stronks K, Arah OA. Global educational disparities in the
para evaluar ingesta alimentaria en La Universidad de Antioquia, associations between body mass index and diabetes mellitus in 49
Colombia. Nutr Hosp 2011;26:1333-44. low-income and middle-income countries. J Epidemiol Community

32 Dehghan M, Lépez Jaramillo P, Duefias R, et al. Development and Health 2014;68:705-11. ) .
validation of a quantitative food frequency questionnaire among 54 Tang M, Chen Y, Krewski D. Gender-related differences in the
rural- and urban-dwelling adults in Colombia. J Nutr Educ Behav association between socioeconomic status and self-reported
2012;44:609-13. diabetes. Int J Epidemiol 2003;32:381-5.

33 Ahmad OB, Boschi-Pinto C, Lopez AD. Age standardization of rates: 55 Kautzky-Willer A, Dorner T, Jensby A, et al. Women show a closer
a new who standard. GPE discussion paper series: No.31. EIP/GPE/ association between educational level and hypertension or diabetes
EBD World Health Organization 2001. mellitus than males: a secondary analysis from the Austrian his. BMC

34 Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy Public Health 2012;12:392.
recommendations for the management of adults with diabetes. 56 Smith KV, Goldman N. Socioeconomic differences in health among
Diabetes Care 2014;37(Suppl 1):5120-43. older adults in Mexico. Soc Sci Med 2007;65:1372-85.

35 UN data: a world of information. Population by marital status, age, 57 Fleischer NL, Diez Roux AV, Alazraqui M, et al. Socioeconomic
sex and urban/rural residence. Available: http://data.un.org/Data. gradients in chronic disease risk factors in middle-income countries:
aspx?d=POP&f=tableCode%3A23 [Accessed 10 Apr 2021]. evidence of effect modification by urbanicity in Argentina. Am J

36 International Diabetes Federation. IDF diabetes atlas, ninth edition, Public Health 2011;101:294-301.

2019. Available: https://www.diabetesatlas.org/en/resources/ 58 Monteiro CA, Conde WL, Popkin BM. Independent effects of income
[Accessed 10 Nov 2020]. and education on the risk of obesity in the Brazilian adult population.

37 Rodriguez J, Ruiz F, Pefialoza E, et al. Encuesta Nacional de Salud J Nutr 2001;131:881S-6.

2007. Resultados Nacionales [Internet]. Bogota: Minisiterio de 59 Gilbert-Diamond D, Baylin A, Mora-Plazas M, et al. Correlates of
Salud y Proteccién Social, 2009. https://www.minsalud.gov.co/ obesity and body image in Colombian women. J Womens Health
Documentos %20y %20Publicaciones/ENCUESTA%20NACIONAL. 2009;18:1145-51.

pdf ) . ) ) ) ) ) 60 Sallé A, Ryan M, Ritz P. Underreporting of food intake in obese

38 Vargas-Uricoechea H, LA C-F. An epidemiologic analysis of diabetes diabetic and nondiabetic patients. Diabetes Care 2006;29:2726-7.
in Colombia. Ann Glob,Health 2015;81:742_53- 61 van de Laar FA, van de Lisdonk EH, Lucassen PLBJ, et al. Fat intake

39 Schargrodsky H: Hernandez-Hernandez R, Champagne BM, in patients newly diagnosed with type 2 diabetes: a 4-year follow-up
etal. CARMELA assessment of cardiovascular risk in seven Latin study in general practice. Br J Gen Pract 2004;54:177-82.

American cities. Am J Med 2008;121:58-65. 62 Silva FM, Kramer CK, de Almeida JC, et al. Fiber intake and glycemic

40 Alayon AN‘ Alvear Sed’aq C. Prevalgnma d.e dfa§ordenes del control in patients with type 2 diabetes mellitus: a systematic
mzraagc()chizrlg?n%ieal)oz(?[IJUSCIg:Zé zi:glofg ggéa;tzlg.OQSEBCartagena de review with meta-analysis of randomized controlled trials. Nutr Rev

41 Bautista LE, Oréstegui M, Vera LM, et al. Prevalence and impact of 63 ﬁﬂogi{;;;;iot)scgtan MB, Ascherio A, et al. Trans fatty acids and
cardiovascular risk factors in Bucaramanga, Colombia: results from cardiovascular,’ disease N Engl J Mec; 2006'354'1601—13
the countrywide integrated noncommunicable disease intervention 64 de Souza RJ. Mente A -Maroleanu A etal I’ntak-e of satur-ated
programme (CINDI/CARMEN) baseline survey. Eur J Cardiovasc Prev i ’ f S .
Rehabil 2006:13:769-75. and Frans unsatu_rated fatty acids anq risk of all cause morta_llty,

42 Davila EP, Quintero MA, Orrego ML, et al. Prevalence and risk factors cardlovascu[ar disease, ar)d type 2 @abetes: systematic review and
for metabolic syndrome in medellin and surrounding municipalities, meta-analysis of observational studies. BM.J 2015;351:n3978.
Colombia, 2008-2010. Prev Med 2013;56:30—4. 65 _NCD B|sk Factqr Cc_)llaboratlon (NCD-RlsC_). Rls_mg rl_Jrgl body-mass

43 GBD 2015 Risk Factors Collaborators. Global, regional, and national index is the main driver of the global obesity epidemic in adults.
comparative risk assessment of 79 behavioural, environmental and Nature 2019;569:260-4. . o
occupational, and metabolic risks or clusters of risks, 1990-2015: 66 Parra DC, lannotti L, Gomez LF, et al. The nutrition transition in
a systematic analysis for the global burden of disease study 2015. Colombia over a decade: a novel household classification system of
Lancet 2016:388:1659-724. anthropometric measures. Arch Public Health 2015;73:12.

44 Centers for Disease Control and Prevention of the United States. 67 Departamento Administrativo Nacional de Estadistica. Censo
National diabetes statistics report, 2020. Available: https://www.cdc. Nacional de Poblacion Y Vivienda 2018. Available: https://www.dane.
gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report. gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/
pdf [Accessed 10 Nov 2020]. censo-nacional-de-poblacion-y-vivenda-2018/donde-estamos

45 QiY, Koster A, van Boxtel M, et al. Adulthood socioeconomic [Accessed 2 May 2020].
position and type 2 diabetes mellitus-A comparison of education, 68 Willett WC, Sampson L, Browne ML, et al. The use of a self-
occupation, income, and material deprivation: the Maastricht study. administered questionnaire to assess diet four years in the past. Am
Int J Environ Res Public Health 2019;16:E1435. J Epidemiol 1988;127:188-99.

14 Mendivil CO, et al. BMJ Open 2021;11:¢042050. doi:10.1136/bmjopen-2020-042050


https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=CO
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=CO
http://dx.doi.org/10.2337/dc11-2216
http://dx.doi.org/10.1016/j.amjms.2016.02.001
http://dx.doi.org/10.2991/jegh.k.191028.001
http://dx.doi.org/10.2991/jegh.k.191028.001
https://www.dane.gov.co/files/geoestadistica/estratificacion/ManualdeRealizacion.pdf
https://www.dane.gov.co/files/geoestadistica/estratificacion/ManualdeRealizacion.pdf
http://dx.doi.org/10.1016/j.diabres.2011.05.002
http://dx.doi.org/10.1016/j.diabres.2011.05.002
http://dx.doi.org/10.1016/j.jneb.2010.10.001
http://dx.doi.org/10.2337/dc14-S120
http://data.un.org/Data.aspx?d=POP&f=tableCode%3A23
http://data.un.org/Data.aspx?d=POP&f=tableCode%3A23
https://www.diabetesatlas.org/en/resources/
https://www.minsalud.gov.co/Documentos%20y%20Publicaciones/ENCUESTA%20NACIONAL.pdf
https://www.minsalud.gov.co/Documentos%20y%20Publicaciones/ENCUESTA%20NACIONAL.pdf
https://www.minsalud.gov.co/Documentos%20y%20Publicaciones/ENCUESTA%20NACIONAL.pdf
http://dx.doi.org/10.1097/01.hjr.0000219113.40662.dd
http://dx.doi.org/10.1097/01.hjr.0000219113.40662.dd
http://dx.doi.org/10.1016/j.ypmed.2012.10.027
http://dx.doi.org/10.1016/S0140-6736(16)31679-8
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
http://dx.doi.org/10.3390/ijerph16081435
http://dx.doi.org/10.1038/srep24780
http://dx.doi.org/10.2105/AJPH.2009.166082
http://dx.doi.org/10.2105/AJPH.2009.166082
http://dx.doi.org/10.1093/ije/dys091
http://dx.doi.org/10.1093/ije/dyr029
http://dx.doi.org/10.7189/jogh.08.020409
http://dx.doi.org/10.1186/1471-2458-12-474
http://dx.doi.org/10.1186/1475-9276-13-10
http://dx.doi.org/10.1186/1475-9276-13-10
http://dx.doi.org/10.1136/jech-2013-203200
http://dx.doi.org/10.1136/jech-2013-203200
http://dx.doi.org/10.1093/ije/dyg075
http://dx.doi.org/10.1186/1471-2458-12-392
http://dx.doi.org/10.1186/1471-2458-12-392
http://dx.doi.org/10.1016/j.socscimed.2007.05.023
http://dx.doi.org/10.2105/AJPH.2009.190165
http://dx.doi.org/10.2105/AJPH.2009.190165
http://dx.doi.org/10.1093/jn/131.3.881S
http://dx.doi.org/10.1089/jwh.2008.1179
http://dx.doi.org/10.2337/dc06-1582
http://www.ncbi.nlm.nih.gov/pubmed/15006122
http://dx.doi.org/10.1111/nure.12076
http://dx.doi.org/10.1056/NEJMra054035
http://dx.doi.org/10.1136/bmj.h3978
http://dx.doi.org/10.1038/s41586-019-1171-x
http://dx.doi.org/10.1186/s13690-014-0057-5
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/donde-estamos
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/donde-estamos
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/donde-estamos
http://dx.doi.org/10.1093/oxfordjournals.aje.a114780
http://dx.doi.org/10.1093/oxfordjournals.aje.a114780

	Diabetes and associated dietary intake among urban adults: COPEN (Colombian Nutritional Profiles)—a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Patients and public involvement
	Measurements
	Data analysis

	Results
	Discussion
	References


