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Abstract

Background: Rapidly transitioning societies are experiencing dramatic increases
in obesity and cardio-metabolic risk; however, few prospective studies from
developing countries have quantified these increases or described their joint
relationships.

Methods: We collected dietary, physical activity, demographic, anthropometric
and cardio-metabolic risk factor data from 376 Guatemalan young adults in
1997-98 (aged 20-29 years) and in 2002-04 (aged 25-34 years).

Results: In total, 42 % of men and 56 % of women experienced weight gain >5kg
in 5 years. Percent body fat (%BF) and waist circumference (WC) increased by
4-2% points and 5-5 cm among men, and 3-2 % points and 3-4 cm among women,
respectively. Five-year increases in both %BF and WC were associated with lower
physical activity, urban residence and shorter height among men but not among
women (test for heterogeneity P<0-05 for residence and physical activity).
Changes in %BF and WC and concomitant changes in cardio-metabolic risk fac-
tors were similar for men and women. In standardised regression, change in %BF
was associated with changes in TAG (8=0-19; 95% CI 0-08, 0-30), total:HDL

cholesterol (B=0-22; 95% CI 0-12, 0-33) and systolic (8=0-22; 95% CI 0-12, 0-33) ar dio_me"(:byo‘l"i’::i‘:;
and diastolic (8=0-18; 95% CI 0-08, 0-28) blood pressure, but not with glucose; Obesity

associations were similar for WC.

Conclusions: Over 5 years this relatively young population of Guatemalan adults
experienced rapid increases in multiple measures of adiposity, which were
associated with adverse changes in lipid and blood pressure levels.
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The prevalence of overweight (BMI=25kg/m? and
obesity (BMI=30kg/m?) is increasing rapidly in both
developed and developing countries, affecting men,
women and children™?. In 2005 approximately 1-6
billion adults worldwide were overweight and at least
400 million were obese; these estimates are projected to
increase to 2-5 billion and more than 700 million,
respectively, by 2015°”. Much of this increase is attributed
to rapid socio-cultural changes occurring in developing
countries as the result of globalisation, economic devel-
opment and urbanisation”. Many developing countries
are currently in various stages of the nutrition transition,
characterised by greater access to energy-dense pro-
cessed foods, increased consumption of meals away
from home, shifts in labour structure and transportation
systems towards activities that require lower levels of
energy expenditure, and reduced physical activity for
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). Together these factors create an environ-
ment that facilitates positive energy balance and the
development of obesity. Longitudinal data from devel-
oping countries are limited. However, studies from Iran,
Mauritius and China have shown substantial increases
in the prevalence of overweight and obesity over
3-8 years'”?. Additionally, repeat cross-sectional analyses
suggest that much of Latin America is experiencing
increasing obesity prevalence'*'V.

CVD is now the leading cause of death in all regions of
the world with the exception of sub-Saharan Africa, and
more than 80 % of the disease burden occurs in low- and
middle-income countries""*'®. The global prevalence of
diabetes is also increasing rapidly® and will further
increase the burden of CVD. The projected increases in
chronic diseases may be economically devastating for
many developing countries, resulting from the loss of
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members of the primary workforce to disability, as well as
the substantial cost of long-term disease management>'®,
Obesity is associated with multiple cardio-metabolic risk
factors, including atherogenic dyslipidaemia (elevated/
TAG, small dense LDL and low HDL concentrations),
elevated blood pressure, and glucose intolerance and
insulin resistance”. Thus, the considerable increase in the
global prevalence of overweight and obesity is likely a
significant driver of the cardio-metabolic (CVD, diabetes)
epidemic. However, the relationship between adiposity
and change in cardio-metabolic risk factors has not been
well studied in populations experiencing rapid economic
development and social change. Some ethnic groups
appear to be more susceptible to obesity-related meta-
bolic disturbances®. Additionally, early life malnutrition
paired with later dietary excess may contribute to
increased abdominal adiposity, as well as to increased
CVD risk independent of adiposity’”. These relation-
ships need to be further explored in different ethnic
populations at various stages of the epidemiological and
nutrition transitions.

Guatemala, a country in the earlier stages of the nutrition
transition, continues to face considerable under-nutrition
and communicable disease™*", while simultaneously
experiencing shifts towards more sedentary lifestyles,
higher intakes of dietary fat and sugar, and increases
in overweight/obesity and nutrition-related chronic dis-

eases®**¥_In 2000, the prevalence of overweight was

49% among women and 34% among men®”; other
cardio-metabolic risk factors have not been studied at the
national level. We therefore proceeded to (i) quantify
5-year changes in adiposity and cardio-metabolic risk
factors in a population of young adult Guatemalans;
(i) determine the baseline lifestyle and sociodemographic
characteristics associated with changes in percent body
fat (%BF) and waist circumference (WC); and (iii) assess
the relationship between change in %BF and WC and
change in lipids, blood pressure and glucose levels.

Methods

The Institute of Nutrition of Central American and
Panama (INCAP) Longitudinal Study was a nutritional
supplementation trial conducted in four rural Guatemalan
villages from 1969 to 1977**. The study targeted women
and children, and was designed to assess the impact of
improved nutrition on child growth and development.
Several rounds of follow-up have targeted the former
participants of the original study. Our sample included
men and women who completed a CVD risk assessment
in 1997-98 and again in 2002-04. The target population
for the 1997-98 follow-up was the younger half of the
original study cohort (aged 20-29 years at follow-up;
n 762), while the target population for the 2002-04
follow-up included all child participants in the original
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study (aged 25-42 years at follow-up; n 2392). Details on
tracking and attrition from both studies have been pub-
lished previously®>2®. Of the 473 participants examined
in 1997-98, seventeen were living out of the country,
thirteen could not be located and seven refused, and thus
were not re-examined in the 2002-04 follow-up. Addi-
tionally, twenty-four participants of the 1997-98 study
were examined in 2002-04 but excluded due to current
pregnancy or non-fasting status, and another thirty-eight
completed some of the interviews but not the physical
measures required for this analysis. All data collection
was approved by the human subjects review boards at
INCAP and Emory University, and written informed
consent was obtained from all participants.

Lifestyle factors

All questionnaires were interviewer-administered. Dietary
intake was assessed with a fifty-two item FFQ developed
for this population”. Nutrient intakes were estimated
using the INCAP nutrient database®®, which is based on
foods commonly consumed in Guatemala, and supple-
mented with data from the US Department of Agriculture
Nutrient Database®”. A physical activity questionnaire
was used to ascertain all activities performed on a typical
work day, over the preceding year, including time spent
sleeping, mode of transportation, type of occupation,
chores and leisure time. Activities were converted to
metabolic equivalents (MET)*” and used to calculate a
24 h physical activity level®". Participants were asked to
identify themselves as current, previous or never smokers;
we combined previous and never smokers, creating a
dichotomous variable for current smoking status (yes/no).

Sociodemograpbhic factors

We defined residence as rural when residing in one of the
four original study villages, and urban when residing in
Guatemala City. A socio-economic status (SES) index from
1996 census data was constructed using principal compo-
nents factor analysis on variables regarding household
structure (e.g. number of rooms, types of walls, electricity)
and durable goods (e.g. radio, television, refrigerator,
can®®. Data on parity were not collected in 1997-98;
however, an extensive reproductive history was collected
in 2002-04. Using the dates of each child’s birth we were
able to calculate the number of live births by each woman.

Antbropometry

Anthropometric measures were obtained in duplicate by
trained field researchers; if the measures differed by
greater than 0-5 kg for body weight, 1-0 cm for height or
1-5cm for WC, a third measure was taken and the closest
two were used. We calculated %BF using predictive
equations developed for this population®®. We defined
overweight as BMI=25kg/m* and obesity as BMI=
30kg/m* and abdominal obesity as WC >102 cm among
men and >88 cm among women®?.
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Plasma lipids and glucose

All participants were fasting >8h; finger prick blood
samples were analysed with an enzymatic peroxidase dry
chemistry method (Cholestech LDX System, Hayward,
CA, USA) to determine lipid and glucose concentrations.
We defined adverse lipid measures as total cholesterol
=5-2mmol/l (=200 mg/dD, HDL cholesterol < 1-0 mmol/I
(<40 mg/dD among men and <1-3mmol/l (<50 mg/dD)
among women, totalHDL cholesterol ratio =5-0 and
TAG =1-7 mmol/I (=150 mg/dD™>. We defined impaired
fasting glucose as glucose =5-6 mmol/l (=100 mg/dD and
diabetes as glucose =7-0mmol/l (=126 mg/dD®®.

Blood pressure

Measurements were taken at least 3min apart with a
digital sphygmomanometer (A&D model UA-767; A&D
Medical, Milpitas, CA, USA) on the left arm resting on a
table at the heart level. Three cuff sizes were available
and selected for use based on arm circumference.
If blood pressure measurements differed by more than
10mmHg, a fourth was taken; otherwise the two
closest measures were averaged. We defined hyperten-
sion as systolic =130 and/or diastolic blood pressure
=85 mmHgBS).

Statistical analysis

We analysed the distribution of all variables, calculated
S-year changes by subtracting 1997-98 values from those
obtained in 2002-04, and estimated the mean change and
its associated 95 % CI. We used multiple linear regression
to model the associations of key baseline lifestyle
(smoking status (men only), dietary energy intake, dietary
fat intake, physical activity level) and sociodemographic
(age, parity (women only), socio-economic status, rural/
urban residence) variables with changes in %BF and WC
as continuous variables. Due to previous analyses sug-
gesting determinants of weight or adiposity gain differ by
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sex”*? and the inclusion of parity and smoking only in

models for women or men, respectively, we stratified
these analyses by sex. We used multiple linear regression
models to estimate the association of changes in %BF
and WC (each considered separately) on changes in
TAG, total:HDL cholesterol ratio, systolic and diastolic
blood pressures, and glucose. These models were adjusted
for the corresponding baseline anthropometric and cardio-
metabolic risk factor measures, age, smoking status and
supplementation group in the original study; dietary energy
and fat and physical activity level were considered, but
their inclusion did not affect any of the estimates, and we
excluded them for parsimony. Estimates for men and
women were not heterogeneous; thus, we pooled the
samples and re-ran the analyses in order to increase pre-
cision. We defined the presence of the metabolic syndrome
using American Heart Association criteria®” and used
logistic regression to assess the association of change in
%BF and in WC with incident metabolic syndrome. We
used multiple imputation methods to impute all missing
Covariates(4o’41); this included socio-economic status for
sixteen persons, parity for thirty-four women, and %BF and
WC for twenty persons (only in models where %BF and
WC were covariates, not dependent variables). All analyses
were conducted with both original and imputed datasets
in order to assess any difference in results. All statistical
analyses were performed using SAS statistical software
package version 9-1-3 (SAS Institute, Cary, NC, USA).

Results

In the 1997-98 study, participants were aged 20-29 years,
with 76 % living in rural villages (Table 1). The average
diet provided 20% of energy from fat and 68% of
energy from carbohydrates; 56% of men, but only 2%
of women, reported a level of physical activity above
that (=17 MET/d) recommended to prevent obesity*?.

Table 1 Characteristics of a sample of Guatemalan men and women surveyed in 1997-98*

Men (n 181) Women (n 195)
Mean SD Mean SD

Age (years) 245 2:4 24-4 2:2
Height (cm) 163-1 6-5 151-1 5-2
Physical activity (MET/d) 177 0-3 1-41 0-1

=1-7 MET/d (%) 56-2 21
Dietary energy (kcal/kg) 36345 1308-6 2518-7 689-2
Dietary fat (% of energy) 19-7 4-6 20-4 4-5
Dietary carbohydrate (% of energy) 68-4 57 67-5 5-3
Socio-economic status 0-4 2:0 -0-1 1-9
Rural residence (%) 70-2 826
Current smoker (%) 41-4 0-5
Parity N/A 12 11

0 children (%) N/A 30-5

1-2 children (%) N/A 50-3

3-5 children (%) N/A 19-2

MET, metabolic equivalents; N/A, not applicable.
*Values are mean and sp or prevalence.
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Approximately one-third of women had not given birth,
and half had given birth once or twice. The majority of
participants gained weight over the 5-year interval, with
42% of men and 56% of women experiencing weight
gain >5kg (Table 2). Although subjects were as young
as 20 years in 1997, there were no changes in height over
5 years and linear growth can be excluded as a cause
of changes in body composition. Among persons who
experienced >5kg weight gain, mean changes in %BF
and WC were 7-6% points and 10-2cm among men and
5-9% points and 7-7 cm among women, respectively.
The prevalence of BMI < 18-5kg/m? was very low in
this population, and decreased further over the 5-year
period, whereas the prevalence of obesity increased by
4-3% points among men and by 12-6% points among
women (Table 3). Mean %BF increased by 4-2% points
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among men and by 3-2% points among women, and WC
increased by 5-5 and 3-4cm, respectively. TAG, total
cholesterol, HDL cholesterol, glucose and prevalence
of the metabolic syndrome all increased among both
men and women, while the total:HDL cholesterol ratio
increased in men only. Systolic and diastolic blood
pressure increased in women but decreased in men.
Among men, baseline shorter height, lower levels of
physical activity and urban residence were associated with
increases in %BF (Table 4). No relationships among
sociodemographic and lifestyle variables and changes in
%BF were found among women. With WC as the depen-
dent variable, results were consistent among both men and
women. Upon finding no baseline factors associated with
changes in %BF or WC among women, we examined parity
over the 5-year period; 14% of women had no children,

Table 2 Distribution of 5-year weight change categories, and mean (95 % CIl) change in %BF and WC associated with these weight change
categories, among a sample of men and women in Guatemala

Men (n 165) Women (n 175)

Change %BF Change WC (cm) Change %BF Change WC (cm)

5-year change in weight % Mean 95% ClI Mean 95% ClI % Mean 95% Cl Mean 95% Cl
Loss (<—2kg) 49 -11 -26,05 -2:0 -39, -02 80 -32 —4.3,-22 -6:8 —95 —4-1
Maintain (—2 to 2kg) 28-5 07 -0-2, 1-5 0-7 0-1,1-6 18-9 -0-7 -1-2, —0-2 -3-0 -1-8, 14
Modest gain (>2 to 5kg) 24-9 36 29,43 4-6 39,53 171 1-7 1.3, 22 15 0-1, 3-0
Large gain (>5kg) 41-8 76 6-8, 8-3 10-2 9:2, 111 56-0 5-9 33,65 77 6-6, 8-9

BF, body fat; WC, waist circumference.

Table 3 Mean and sp or prevalence in 1997-98 and mean (95 % CI) change over 5 years of anthropometric and cardio-metabolic risk
factors among a sample of men and women in Guatemala

Men Women
Baseline Change Baseline Change
n Mean SD Mean 95% Cl n Mean SD Mean 95% Cl
Weight (kgz) 165 59-6 81 4.8 4.0, 56 175 54-8 10.9 5-9 5-0, 67
BMI (kg/m*) 165 22:4 2:4 2:0 1-8, 23 175 24-0 41 2:8 2-5, 3-2
<185 (%) 165 2:4 06 175 51 34
=25 (%) 165 13-9 19-4 175 320 257
=30 (%) 165 1-8 4-3 175 10-3 12-6
%BF 164 14-9 4-3 4-2 36, 4-8 171 31-3 6-2 3-2 2:4,4-5
WC (cm) 164 795 5-8 5-5 4.7, 60 171 87-8 9-8 34 2:4,45
>102cm (m), >88cm (w) (%) 164 0 4-3 171 38-6 19-3
TAG (mmol/l) 120 1-4 0-7 0-4 0-3, 05 152 1-5 0-8 0-3 0-2, 05
=1-7mmol/l (%) 120 25-8 19-6 152 30-9 16-6
Total cholesterol (mmol/l) 121 35 0-7 0-4 0-3,0-5 163 3-8 07 0-4 0-3,05
=5-2mmol/l (%) 121 2:5 41 163 4.3 6-1
HDL cholesterol (mmol/l) 121 0-9 0-3 0-05 0-01, 0-08 163 1-0 0-3 0-06 0-02, 0-1
<1-0 (m), <1-3mmol/l (w) (%) 121 76-9 -52 163 84.1 -1.3
Total:HDL cholesterol ratio 121 4.3 0-9 0-4 0-1,0-6 163 4.3 11 0-1 -0-1, 0-3
=5% 121 23-1 10-8 163 196 6-8
Glucose (mmol/l) 121 4.9 0-5 0-2 0-1,0-3 163 4.7 05 05 0-3, 0-7
=5-6 mmol/l (%) 121 10-7 3-4 163 5-5 9-2
=7-0mmol/l (%) 121 0 0 163 0 1-8
SBP (mmHg) 181 120-3  10-1 -34 -5-0, —1-9 195 103-3 105 35 2:0, 50
DBP (mmHg) 181 72-9 7-7 -1-5 —2-8, —0-01 195 64-9 7-8 3-4 21, 4.7
=130/85 mmHg (%) 181 221 —6-1 195 1-0 41
Metabolic syndrome (%) 120 131 19-7 152 20-8 34-4

%BF, percent body fat; WC, waist circumference; m, men; w, women; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 4 Baseline sociodemographic and lifestyle predictors of 5-year change in %BF among Guatemalan men and

women surveyed in 1997-98 and 2002-04*

Change in %BF (%)

Men (n 165) Women (n 175)
Estimate 95% Cl Estimate 95% ClI

Age (years) —0-08 —0-23, 0-07 -0-13 —0-31, 0-06
Baseline %BF 0-12 —0-04, 0-28 -0-13 —0-33, 0-06
Height (cm) -0-19 —0-34, —0-04 0-07 -0-12,0-26
Physical activity level (MET/d) -0-22 —0-41, —0-03 0-08 -0-12, 0-27
Dietary energy (kcal/kg) —0-10 —0-35, 0-16 0-06 —0-16, 0-22
Dietary fat (% of energy) -0-07 —0-23, 0-08 —0-03 -0-21, 0-15
Socio-economic status 0-06 —-0-13, 0-24 —0-01 —0-20, 0-19
Rural residence —0-41 —0-76, —0-06 0-01 —0-46, 0-48
Current smoking status 0-03 -0-13, 0-19 N/A N/A

Parity n N/A N/A 0-01 -0-16, 0-19

%BF, percent body fat; MET, metabolic equivalents; N/A, not applicable.
*Values are standardised regression coefficients and 95 % Cl from multivariable models; models are adjusted for all other variables in
the table (smoking included in models for men only and parity in models for women only) and early life supplementation.

Table 5 Associations between 5-year change in %BF and change in cardio-metabolic risk factors among Guatemalan

adults surveyed in 1997-98 and 2002—04*

n Estimate per 1% change in %BF 95% ClI
Change in TAG (mmol/l) 272 0-19 0-08, 0-30
Change in total:HDL cholesterol ratio 284 0-22 0-12, 0-33
Change in glucose (mmol/l) 284 0-02 —0-09, 0-13
Change in SBP (mmHg) 376 0-22 0-12, 0-33
Change in DBP (mmHg) 376 0-18 0-08, 0-28

%BF, percent body fat; SBP, systolic diastolic blood pressure; DBP, diastolic blood pressure.

*In separate linear regression models, change in %BF is the predictor variable and change in each of the cardio-metabolic risk factors is
the dependent variable. Values are standardized regression coefficients and 95 % CI; models are adjusted for baseline age, baseline
%BF, baseline cardio-metabolic risk factor level, sex, smoking status and early life supplementation.

56% had one child, 28% had two children and 2% had
three children. Similar to findings for baseline parity, the
number of births experienced by women over the 5-year
period was not associated with adiposity gain.

Independent of baseline levels of %BF or cardio-
metabolic risk factors, change in %BF was associated with
changes in TAG, total:HDL cholesterol ratio, systolic blood
pressure and diastolic blood pressure; no association was
found with change in glucose (Table 5). The results were
similar in models when change in WC was the predictor
variable. Additionally, we controlled for change in BMI in
models with change in WC as the predictor variable in
order to assess whether there was an effect of increasing
abdominal adiposity independent of overall adiposity; in
these models, change in WC was no longer significant. The
5-year incidence of metabolic syndrome was associated
with change in %BF (OR = 1-19; 95% CI 1-08, 1:31 per unit
change in %BF) and with change in WC (OR = 1-13; 95%
CI 1-07, 1-20 per cm change in WO).

Discussion

The rapid increases in adiposity and associated adverse
changes in cardio-metabolic risk factors seen in 5 years
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in this young adult population are cause for serious
concern. Relatively few participants maintained weight,
with almost half of men and more than half of women
gaining greater than 5kg. The average weight gain among
both men and women was approximately 1kg/year; this
is greater than the average weight gain observed in
developed countries (0-4-0+9 kg/year) > Weight gain
was associated with increases in overall adiposity as well
as abdominal adiposity.

We found an annual increase in the prevalence of
overweight of 3-9% among men and 5-1% among women.
These rates are considerably higher than the 0:3-0-9%
annual increases seen across various age, racial/ethnic
and socio-economic groups in the USA“®. These rates of
annual increase in overweight prevalence are also sub-
stantially higher than those observed in several other
countries experiencing the nutrition transition: 1% per year
among Chinese adults 2045 years™; 0-6% and 1-2% per
year among Brazilian men and women, respectively®”;
2+49% per year among Mexican women"'”; and 2-7% and
2:0% per year among Maurititn men and women,
respectively”. Some of the difference may be due to the
young age of our cohort, as several studies have docu-
mented more rapid weight gain among younger compared
to older adults“?. However, the rates of increase we found
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were still larger than estimates we were able to find among
populations of similar age”4®.

The determinants of change in weight or adiposity are
inconsistent among populations experiencing develop-
mental transitions”®. We found taller height, rural resi-
dence and physical activity to be inversely associated with
increased adiposity among men, suggesting that adequate
early life nutrition and promotion of physical activity may
be primary targets for health promotion. We only exam-
ined associations between baseline factors and changes in
adiposity; it may be that changes in behaviour or other
experiences over the 5-year period also contributed to
weight gain. Our lack of findings among women may be
due to imprecision in our instruments or lack of true
variance, particularly regarding physical activity levels.

Changes in %BF and WC were associated with change
in a variety of cardio-metabolic risk factors. The changes
in these anthropometric indicators accounted for
approximately 4-11% of the variance in lipid and blood
pressure changes, which is consistent with other stu-
dies“™®*”_ The strength of associations of increased
adiposity with increased cardio-metabolic risk factors was
similar for %BF and WC, suggesting that atherogenic
changes were probably not attributed to specific increases
in visceral adiposity. We were surprised that adiposity
gain was not associated with increased fasting glucose
given the strong association between obesity and dia-
betes®”. One explanation may be a lag-time effect, with
5 years being an insufficient time period for increased
adiposity to substantially influence glucose levels. Other
studies using single measures of fasting glucose have
found inconsistent associations between change in
adiposity and change in glucose™®>". Future studies may
need to be performed in multi-ethnic cohorts using repeat
measures in order to clarify these associations.

Individual behavioural changes, on their own, are
unlikely to stem the rapid increases in adiposity occurring
in this population®®. Broader action at the community,
national and international level is needed. Data from the
USA suggest that affecting the energy balance by only
100kcal/d may be sufficient to prevent weight gain in
most of the population®”, a reduction that could be
obtained by just one extra mile of walking or consump-
tion of one less soda. Programmes and policy from
several developing countries provide examples on how
to realise such changes. Models for promoting physical
activity include Ciclovia in Bogota, Colombia, where
streets are closed to traffic on Sundays, creating an
extensive network of bike paths and other exercise
options(%) , and Agito Sdo Paulo in the state of Sio Paulo,
Brazil, which is a multi-level intervention that uses ‘mega-
events’ and mass media to promote physical activity®* .
Mauritius provides a model for implementing change in
dietary fat consumption; government-mandated changes
in the composition of common cooking oils reduced
saturated fat intake, increased unsaturated fat intake and
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overall had a beneficial effect on population serum lipid
measures"”.

As these instances illustrate, other developing countries
have begun to identify potentially modifiable factors that
contribute to an obesogenic environment and address
these factors through public health programmes. Our
findings concerning the rapid increase in weight and BF in
young Guatemalan adults should stimulate the develop-
ment and implementation of locally appropriate, feasible
and effective interventions.
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