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Objective: To examine comelaies of fasing giucose, a precursor for type 2 diabetes
mellitus, in young adults in Guatemala, & country undergomng an epidemiologic transition.

Dessgr:: Cross-sectianal.

Methods: Anthropometnc, iifestyle, dietary, secum lipid, znd socioaconomic charactar-
istic data were collected an 188 men and 201 women {mean age 24.4 years) bom in
faur villages in Eastemn Gualemala. We used lirear regression to identity parsimonious
predictive modsals, including 2-way interactions,

Aesults: In men, mean fasting glucose was 87.3 mgrdlL {SD 10.2); our model explained
30% ot vananca. Bady mass mdex {BMI}, abdomen-to-hip ratto {AHR), and total choles-
terol showed graded positive effects. BMI and AHR imgraciaa (P<.001); men with high
BMI ano high AHR had the nighest lastng glucoss lovels, No dietary lactors indepen-
dently nredicied fasling glucosa. In woman, mean [astng glucose was 83.9 mg/dL (SD
8.5); 22% of vanance was explamed by BMI, energy-adiusicd fat mntake. pnysical activity.
tirth vifage. and current rasidence {rural/urban). BMI ane fasting glucose were positively
relaled. Urdan residence imeracled with oirth village (P- .06) ana physical activity
(P=.13).

Lenclusions: The major conclusion drawn srom tis swugdy 18 that increased adiposity,
even among lean Individuals, 1s the largest envirenmenat predictor ol tasting glucose.
Pravention and contral of obasity in young adults in transitioning countrias are key strat-

agies [or the prevention of diabetes. {Ethn Dis. 2001:11:585-597)
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Introduction

Non-insulin dependent diabetes mellitus
(type 2 DM is a disease generally thought
to atflicr individuals with a sedentary life-
sryle characterized by obesity and a high-
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[at diet. as these are considered the prinei-
pal environmental determinants of diabe-
tes.! Until recently, type 2 DM was consid-
ered (o be a probiem only in industrialized
natons: however, recent reports indicate
that its prevalence is increasing rapidly in
the developing world. particularly in coun-
ries undergoing rapid industrialization.™*
The prevalence of type 2 DM is predicted
to increase by 48% [rom 1995 o 2025, in
developing countries. compared to 27% in
industrialized natons.’ Developing coun-
Iries arc experiencing a considerable excess
of Jdiabctes in urban arcas and people are
developing the discase at younger ages than
in developed countries, with the prevalence
highest amonyg those aged 43 to 64 years.”
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Hypergiveemia and clinical diabewes predis-
pose 0 microvascular complications. neu-
rological Impairments. and cardiovascular
discasc.’ s Lhe carlier developmenr of di-
abetes 18 likely to lead to earlier onset of
these complications, This increasced discase
burden will have major implicadons for
medical costs and loss of human capital in
developing countries.

Studies examming the determinants of
type 2 DM have concentrated primanly on
industrialized populations with a high prev-
alence of risk factors, particularly obesiry.
Differences in the prevalence of diabetes
between industrialized and developing
countries may result from a differential dis-
tribution of dsk factors. or from variability
in genc-environment interactions across
ethnic groups.® Since environmental and be-
havioral factors may be modifiable. identi-
fication of the specitic risk factors operaung
in specific populations should be a prionty.
Our goal was to assess correlates of fasting
glucose in young men and women in Gna-
ternala, a Latin American country currently
undergoing economic devclopment and ur-
ban migration.

Research design and methods
Situdy population

Individuals intervicwed for this study
were participants in a longtudinal study on
growth and development conducted by the
Institute of Nuwtion of Central America
and Panama (INCAP) in four Ladino tie.
Spanish-speuking) villages of castern Gua-
temala between 1969 and 1977, A detailed
description uf the origmal study and sub-
sequent follow-up surveys appear else-
where.* Dunng 1998-1999, data were col-
lected on anthropomertry. levels ol blood
glucose und lipids. dietary and lifeswvle
habits. and sociodemographic characteris-
tics. Participants eligibie for this follow-up
study were born between 1969 and 1977,
had recorded birth weight, and had at least
one year of growth monitoring in child-

hood. Participants also had 1o reside. or be
available {or interview. in vne of the four
original <ty villuges or in Guatemala
City. Of 762 eligible coliort members. 473
(62%) subjects were examined (237 men
and 236 women). Reasons for nun-exami-
nation included death (V¥ = 3), relocadon to
a distant or unknown pluce (¥ = 1514, not
being at home on multiple visits (N = 361,
scrious handicaps or chronic illness (N =
+4). women pregnant or nursing babies <6
months old 1V = 251, and refusal to partic-
ipate in the smdy (N = 70).

Duta collection

Levels of glucose. total cholesterol, and
HDL-cholesterol were determined by solid-
phase enzymatic reactions (Cholestech
LDX Swvstem. Hayward. California). The
Cholesiech svstem is a compact, portable
amalyzer that provides last results using a
small sample of capillary blood from a fin-
eer prick.’ Lipid measurements were cali-
brated against Emory University’s Lipid
Research Luboratory using 535 venous blood
samples that were obtained at the time of
the finger prick.® Participants were instruct-
ed to fast overnight before moming blood
analysts. Duration of fasting was deter-
mined by asking participants the time they
consumed their last meul. dessert. unsweet-
ened coffee or tea, and froit juice or sweet-
encd beverage. und subtracting the most re-
cenr time of food consumption fromn the
time of the blood analysis.

Standardized anthropometry was used to
measure height: weight: arm. natural waist
(smallest). abdomen (umbilical). and hip
circumferences: and triceps and subscapular
skinfolds. Measurements were taken in trip-
licale with weighing scales that were cali-
brated periodically. measuring tapes. and
Hoitein-Harpenden skinfold calipers. All
measurcments were taken standing.* Body
mass index (BMT). waist-lo-hip ratio
(WHR), and abdomen-to-hip ratio {AHR)
were then calculated. Percent body fat was
also estimated using predictive equations



from hydrostaric weighing in a similar pop-
ulavon M. Ramirez. INCAP unpublished
datar. BMI or percenr body fat was used to
estimate overall obesity. while centrul obe-
sity was estimared by either WHR or AHR.

Diet was assessed using a semi-quuanti-
rative food frequency guestionnaire that
wits developed by INCAP nutritionists. The
questionnaire asked for information about
food consumption over the past threc
months, including portion size, and incor-
porated foods known to be available in the
study villages and Guatemnala City. The IN-
CAP food composition database.™ supple-
mented where necessarv with dutabases
from the region and the United States De-
partment of Agriculture." was used to es-
mate the average dailv intake ol carbo-
hvdrates, fat. fiber, alcohol, B-carotene. vi-
tamin E. and energy.

Customary physical activity level (PAL)
during the past 12 months was estimated
using a detailed semi-quantitative question-
nuire developed for the study.” The gues-
tionnaire asked aboul patterns. duration.
and mtwensity of activities at home, work,
and leisure. Average daily energy expen-
diture way calculated from the lime spent in
cach acrivity and from predictive equations
of basal mewbolism.? Men were classified
as having very light. light. or moderate/
heavy habitual activity when their estimated
PAL was. respectively, <1.48. 1.48-1.65.
>1.65 metabolic equivalents (METS), ™
The corresponding PAL categories for
women were <1.48, [.458-1.59, >1.59
METS.

Other relevant covariates were  ascer-
tained by standardized interview. Smoking
hubit was categorized as current or non-cur-
rent. Current place of residence was char-
acterized as rural or urban.

Exciusions

Participants who had not fasied for at
least eight hours before blood draw (men:
N = 10, women: N = 8) or who were miss-
ing Jdata on any independent variable {men:
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N = Ih women: N = 20) were excluded
from the analvsis, We alsu excluded partic-
ipants tmen: N = 20, women: NV = 7) who
had unrcliable dictury data defined as an es-
timated Jdialy energy intake >5500 keal or
an individdual food (other than tortillas, the
local stuple Toad) accounting for more than
25% ol towd energv intake, The final pop-
ulation lor analysis consisted of 189 men
and 201 women.

Staristical methods

Men and women were analyzed scparate-
ly. We compared values between the study
pupulaton and those excluded from analy-
sis. Energy-adjusted i1takes of curbohy-
drares. fat. and fiher were computed as the
residuals trom a regresston model with total
cnergy intake as the independent variable
and absolute nutrient wntake as the depen-
denrt variable.'® Vitamins A and E were log
transformed to increuse normality. Few
women reported civarette (N = 2) or alco-
hol (N = 4) use; therefore, these variables
were noul used in the analysis of women.
Three cateeories of alcohol intake were de-
fined for men: nondrinkers. those consum-
ing less than or equal to 3.5 grams per day
(the median alcohol intake of drinkers). and
those consuming greater than 3.5 grams per
day.

We used linear regression models to eval-
uate the rclationship between fasting glu-
cose and five classes of predictor variables:
anthropometry: lifestyle: diet; lipids; and
sociodemoygraphic characteristics. To build
the most parsimonious and predictive mod-
¢l. we first examined the availabie predictor
variables within each class. Sequentially
adding variables. and their centered inter-
actions. to linear models. we uscd the extra
sum of squares approach’ to choose the
combination of the fewest predictor vari-
ables that explained the greatest amount of
fasting glucose variability, We declared the
nbserved partial F-test significant at P<.05
for main effects. For interaction terms.
P<.15 was considered significanl. A non-



Table 1.—Selected characleristics of young Gualemalan aduits participating in the 1998-99 INCAP cardiovascular disease lollov-up study
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predictive variable was also refained if add-
ing it tu the model altered the effecr of a
predicuve vanuble by more than 20%.. After
detecmining the most predictive viriables
within cach cluss., we used the sume pro-
cedure tn combine clusses and develop a
finul model. We nsed regressian diagnos-
tics. inchaling examination of residuals and
intluential points. 0 test model assump-
tions. Statistical analyses were conducted
with the SPSS program for Windows {ver-
siun 8.4): SPSS Inc, Chicago, Dlinois).

Results

Characteristics of the siudy participants
are summurized in Table 1. Men excluded
from the analysis did not differ from our
analvtic population on any tested variable,
Means for tasting glucose, total cholesternl,
and BMIT were greater among women ex-
cluded from the analysis relative to those
included in the analvsis; however, this was
due 10 a previously diagnosed diabetic
woman., who was excluded from subse-
quent analysis due w imissing covariate
data, Other than this woiman, there were no
persuns with a lasing glucose diagnostic of
diahctes {fasting glucose =126 mg/dL).V?
Although, 3% of inen and 1% of women
were considered to have impaired fasting
glucose (110 my/dL=fusting glucose <126
my/dL). Obesity (BMIz=30 kg/m?) wus pre-
sent in 1% ol men and 8% of women. An
addirional 9% of men and 8% of women
were classilied as overweight (25 kg/
m'=BMI<) kg/m-1l. Central obesity
(WHR greater than 0.90 for men and 0.85
for women) was present in 229% of men and
15% of women. For both men and women,
2% ol enerzy intake was from fat. Only
44% of wmen and | 7% of women were con-
sidered moderately or heavily active.
Among men, 32 drank alcohol. but the
quantity consumed was low, Total choles-
terol was greater than 200 mg/dL among
]% of men and 16% of women.
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Analvsis of independent variables by
variabie cluss
Bivariate ussocnalions between rasting
glucose and the independent variables are
presented in Tuble 2. Further analysis of
cach vanable cluass was conducted both
with and without age adjustment. Adjust-
ment {or age did not significantly change
the results {data not shown).

Anthropomernry

Among men. BMI. percent body lat,
WHR, and AHR were each independenthy
and positively predictive of fasting glucose.
An interucton term between measures of
obesity and cenrral obesity significantly add-
ed to the explained variance of fasting glu-
cose (AR® = 0.06: P<.031). When modeled
ogether, BMI. AHR. and the BMI1-AHR in-
teraction explained the greatest variance (R?
= 0.10) compared to all other combinations
of anthropomctric measures (data not shown).
To investigate this interaction. we categorized
men by AHR tentiles (Figure 1). BMI was
negafively associated with fasting glucose
among men in the lowest AHR tertile (B =
—1.67 mg/dL. per kg/m?: 95%: confidence in-
terval [CI] —3.00. —0.331 and positively as-
sociated with fasting glucnse in the highest
tertile (B = 1.24 mg/dL per kg/m*; 95% CI
0.24, 2.21). No association was found be-
tween BMI and fasting glucose among men
in the middle AHR tertile (B = 0.89 mg/di.
per kg/m: 95% CI —0.89, 1.73).

In women. bath BMI and percent body
fal predicted fasting glucose (R = 0.05 for
each), To maintain comparability with men.
BMI was chosen Lo cstimate obesity. Fast-
ing glucose level increased 0.50 mg/dL per
kg/m* increase in BMI (95% CI (.20, 0.79).
Measures of central obesity (WHR or
AHR) did not contribute signilcantly to the
prediction of tusting glucose. either alone
or in 3 model containing BMI.

Lifesrvle

Among men. physical activity, alcohol.
and smoking did not explain variance in

fasting alucuse, whether modcled alone or
as a group. Among women. physical activ-
ity Jdid not significandy predict variance in
fasting ghicose in anvy model. Few women
reported smoking or consuming aleohol,
Liprids

Fasting glucose mnvreused by 0.07 myg/dl.
per mg/dL increase in total cholesterol among
men (95% CI0.02, 0.12), aceounting for four
percent of fasting glucose vanance. HDL was
borderline predictive when madeled alone (R*
= 0.02. £ = .06). but was no longer signif-
icant when added 10 2 model containing total
cholesterol. When toal cholesterol and HDL
were entered as a ratio (total cholesterol/
HDL), lipids were no longer associated with
fasting glucose. Neither total cholesierol,
HDL. nor the total cholesterol/HDL ratio was
associated with fasting glucose in women.

Diet

Energv-adjusted fat and carbohydrates
intakes were highly inversely correlated in
both men and women (r -0.89 and
—0.95, respectively). To avoid collineariry,
we tested models using only one macro-
nutrient variihle at a tinie. Among men. the
interaction between energy-adjusted fat and
B-carotene intake was statistically signifi-
cant (R° = 0.03. £ = .06). Gruphical anal-
ysis of the relationship between fasting plu-
cose. energv-adjusted lat intake, and B-car
otene intake suggesled that this rclationship
was complex (not shown), and character-
tzation of this relationship was not explored
further. Among men. no other dietary var-
tables explained variance in [asting glucose.
Among women. only energy-adjusted fat
explained variance in fasting glucose (R? =
0.02. P = (L.05). However. both energy in-
take and energy-uadjusted fiber intake con-
founded the relarionship hetween energy-
adjusted fat intake and fasting glucose. and.
hence. were retained 1in the model,

Sociodemographic characreristics

Among men. neither village of birth nor
current residence was predictive of fasung
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Fasting Glucose Among Guatemalan Adults—Conhsk et al 591

malan adults parucipatnig n the 1998-22 INCAP cardigvascular cisease follow-up sludy

Muen Waomen
8 95% Conlitence Interval B Y5% Coanfidunce Inlerval
Independent Varinhle Imehll Lower Upper ungfdla t.0wer Upper
Agc (v 0418 ~-{L}6 .06 ;] .42 0.6¢
Anthropomery
BMI (kgimét n o+ (O.UR 1.31 f).5n2 0.20 0.79
Budy tar «%} v 30* 0.04 0.50 0.42+ .14 0.51
Wiist/hip ratio ( WHR» 41.82» 664 76,94 3.30 -20.37 26.96
Abdomen/lnp mato IAHR} 46.06" 6.86 85.27 10,72 —13.82 33.25
Lifestyle
Physical activity (METS/A) -1.13 ~6.44 <19 0.37 ~11.46 1220
Alcolw intake
Non-drinker 0 referent cateyar +
1-3.5 wday 0.57 ~2.96 +.10
>3.5 ghlay =130 =450 1.39
Smaking history
Current nonsmoker 0 referem eategory %
Smaoker .57 =242 1.55
Dret
Kilocaluries/day bnni - 0.001 0.003 0.002 0000 0.004
Fai (adjusied for xealy rp/days ~0.0 -n.10 108 (e 0.001 0.19
Fiber tadjusied for kealt rg/dayy  —Q.)) -0.16 WLL3 ~-.15 ).32 0.02
B-carowene (log we/d) 0.4 - 135 (130 .31} -0.26 1.86
Vitamin E tlug myurd) -0.0% -2.06 1.91 3 - 1.31 2.0!
Lipids
Chelesterol tmg/dL; o7+ 0.02 D.12 .02 -0.02 0.06
HDL. img/dL) iy ~-0.01 0.18 -0.08 —0.18 0.05
Saciodgemographic charucweristics
Village of hinth
Samo Domingo 0 referent cilcgory U referent catcgory
Conacasie 145 ~1.77 4.68 0.29 -2.26 184
Espiritu Santa -243 —5.89 1.03 .50 -1.19 4.20
San Juan -2.43 -5.69 0.R4 -3.12 -8.12 -2
Current residence
Rural 0 refersn catcgon 0 referent calegory
Urban -1.09 -4.18 2.0 =-4,34 -3.33 265
All models unadjusted: fasting glucuse — independem varinble,
* P<.05.
t P<.0IL.

$ Not applicalde oy very few wumen smoked or consumed alcohol.

plucose when modeled alone or wmwogether.
Among women. village of birth significant-
ly added to explained variance (R* = 0.06.
P = .008). while current residence did not.
[However, an interactinn between village ol

birth und current residence was evident (P
= .06). In analyses stratifying by village.
only women born in Santo Domingo had a
mean {asting glucose that differed between
those currently living in a rural (86.31 mg/
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Fig 1.—The relationship betwean BMI| (kg/m) and fasling glucese (mgrdl) siratified by abdomen-to-hip ratio
tertlles among yaung Guatemalan man, "Adjusted for total cholesterol and alcohot inteka. Pairwise comparison
P<.05 for abdomen-hip ratio lertiles with ihe same leitar.

dL. SEM = 1.23) or urhan (78.00) mg/dL.
SEM = 3.69) environment

Interactions between variable classes

Among men. village of birth interacted
with HDL (P = .003). HDL was positively
related to fasting zlucose in both San Juan
(B = 0.60 mg/dL; 95% Cl1 0.23, (0.9%) and
Santo Domingo (B = 0.27 mg/dL; 953% CI
~0.22, 0.76), negatively related to fasting
slucose in Espiritu Santo (B = —0.84 mg/
dL; 95% CI —1.70, 0.02) and had no rela-
tionship to fasiing glucose in Conacaste (B
= —(0.10 mg/dL; 95% CI ~0.39. 0.19).

Among women. village of birth interaci-
ed with energy-adjusted fat intake (P = .13)
and fasting glucose, Energy-adjusted fat in-
take was positively associated with fasting
slucose in Santo Domingo (B = 0.36. 95%
C1 0.03, 0.68) und Espiritu Santu (B = 0.20
mg/dL. 95% Cl1 0.01. 0.40) and negatively
associated with fusting glucose in San Juan
(g = ~0.32 mgndl.. 95% C1 —0.52. —(.12).
No relationship was found in Conacaste ({3
= =008 mg/dL, 95% CI —0.36. 00.20).

Curremt residence interacted with physi-
cal activity among women (P = .13}
Among women currently living in a rural
cnvironmenl, fasting glucose increased by
8.24 mg/dL lor each METS/day of physical
activity (95 Cl —6.18. 22.65). In contrast.
fasting glucose among women currently liv-
ing in an urban sctting was found to de-
crease 16.50 mg/dL per METS/day of phys-
ical activity (V5% C1 —-335.11. 2.10).

Final models

All independent variables within each
variable class that either significantly ex-
plained variance of fasting glucose. or con-
founded the relationship between fasting
glucose and another predictive variable
were entered as a group into a model (Table
1, reduced madel). All other previously re-
jected variables were then entered individ-
ually into this model o rest for confounding
or additfional explained variance. Among
inen. alcohal intake confounded the asso-
ciation between AHR und fasting glucose.
Alcohul intake was negatively associated
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Table 3.—Reduced and full models for prediction of lasuna glucass among young Guatemnatan men

Reduced Madel

np—

Full Model

R=430 Ri=i.3
B5% Confidence Intevval "- 95% Conlidence Inlerval
imp/dla Lower Lpper - rg/dla - “Lawer L:pper
Cunstam &4.9N 71,26 Ui 53 8226 62.52 102.00
BMI centesed {kp/mh 003 -0.63 .74 -0z -0.77 0.73
Abdomen/hup ratio centered (AHR} 30.34 - 126 1,44 3L ~1232 74.50
BMI AHR 258,27 112 3Tl 26.19 13.69 V.08
Alcohol intake
Non-Jrinker referent category referent category
1-3.5 ghday 0.00 —3.55 LAS ~-0.24 —4.00 3.42
>3.5 pilay -4, 3% -7.70 - 107 -4,52 ~8.09 -0.94
Yotal cholesreral {my/dL) 0.06 ol 0.1 LA 0.01 0.12
HDL centered 1mg/dLy 0.33 ={10% 0.75 N -0.0y 0.77
Kilocalaries/day 0.002 0,0004 0.004 LIy 0.0001 0.004
Energy-adjusted fiber 1gid) a0 -4, 0.23 L18 —-0.04 0.33
B-carotene {log pgfd) - 1.20 -y -0.12 - 1.5 =292 -0.25
Village af birth
Sanw Domingw reterent calepory referent category
Conacaste -3.4s =T 13K -352 -7.71 0.68
Espiritu Sunto =T -11.96 %7 -7.47 -12.2] -2.73
Sun Junn ~5.98 - 10.00 .Yk -6.01 -10.32 -1.70
Village ot birth 1111
Sunw Domnga DL referent cutegory referent catepory
Counacaste HDL -f.38 -1).R7 .11 -042 -0.92 0.09
Espirite Santo HDL —0M2 - 1.a0 =0.16 -0.94 -1.72 -t10
San Juan DI 0.27 =i, 28 0.82 (.24 -N.32 0.8t
Age 1y} 0.14 -0.45 0.73
Physical activity (METS/d 0.28 ~-3.50 613
Currcnt smuker 0.7 -122 3.4
Encrgy-adjusied fat 1ph) 0.05 -.07 (.16
Viumm E ilag mp/d) 0.20 - 196 .48
Urhan residence 0.17 --323 3.60

with Fasting glucose. with the lowest fasting
glucose found among those consuming
more than 3.5 g/day. Energy (R? = 0.0, P
= .05 and B-carotenc intake (R? = 0.02, P
= .03) were found o explain additional
variance alter adjusting for other covariates,
The associtatton between B-carotenc intake
and fasting glucose was confounded by both
energy and energy-adjusted fiber intake.
The tinil model among men inciuded BMI.
AHR. alcohol intake. total cholesterul,
HDL. birth villuge. energy. energy-adjusted
fiber und B-carotene intake. and two inter-
action terms (between BMI and AHR. and
HDL and birth village, respectively) ex-

plaining 30% ol fasting glucose variance
(Table 3. reduced maodel). Inclusion of all
other « priori independent variables ex-
plained no additional lasting glucose vari-
ance (= .94} (Table 3, full model).
Among women. 21% ol fasting glucose.
variance was cxpluned by BMI. physical
activiry, energy intake. energy-adjusted fat
and fiber intake. binth village. current resi-
dence -and three interaction terms, namely
birth villuge und energy-adjusted fal intake.
hirth village and current residence, and cur-
reat residence and physical activity level
{Tahle 4, reduced maodel). An additional 3%
of variance (/2 = .41) was explained by in-
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Table 4.—Reducsd ard full models for prediction of fasting glucoss among young Guatermalan women

ra———

——

o —

Reduced Model

R:=0.24

Full Modet
R:m0.24

95% Canfidence interval

B

954 Confidence Interval

rmgid Ly Lower l.pper (mighdla Lower Lipper
Conxtant 72.56 6. 34 30,79 $3.94 Su.28 108.60
BMI centered 1kp/m .45 L15 0.74 0.43 0.9 0.30
Physicul activity (METSA) 9.03 =440 ool 13.00 -1.09 2710
Kilocalonesiduy 0.002 0004 0.004 0.001 -{,.001 v.004
Energy-adjusted far centered (p/d) 0.12 -0.12 030 0.09 -.16 0.34
Encrgy-adijnsted fber (p/d) -0.12 ~().37 0.15 -0.i6 -{1.42 0.11

Village of birth
Santo Dommyo

referent category

reterent calepary

Conacaste —4.65 -5.0)2 -1.28 -4.55 -8.29 —0.81
Espiritu Santo ~-3.62 ~-7.29 0.06 ~3.21 -7.05 0.62
San Juan ~8.17 -12.27 -4$.07 ~4.04 -13.35 ~4.73
Urban residence -10.85 -1B.38 132 -11.30 —18.90 -6y
Village of buth-energy-adj fat
Santo Domingo fn referent catepory reicrem category
Conacasie fa =009 -1).35 0.17 —0.08 -0.34 0.19
Espiritu Samn fat 0.07 =21 0.35 0.08 -0.20 0.36
San Juan fat —{).24 ~{).51 0.4 -0.2a7 —0.56 0.01
Village of hirth Urhan residence
Saoto Dumingo urbun relerent catepory relerent calegory
Conacaste urban J4.08 3.0s 2301 i4.21 5.06 23.36
Espiritu Santo urban 8.21 - 1.0 17.57 R.I13 -1.31 17.58
San Juan urban 12.54 203 22.1% 13.61 3.89 23.32
Urban restdence physical achvity =25.24 -51.37 0.88 —-215.61 -52.40 1.19
Age (y) -0.18 -0.72 0.36
Warst/hip ranio -16.60 -43.54 12.33
Total cholesterol {ma/dl_; 0.04 =001 .09
HDL centered \mg/dL,) -0.08 -{.20 0.05
@-carotene (log wasd) 0.52 -0.71 1.75
Vitumin E <log me/d) .22 -1.75 .19
clusion of all other tested vanables (Table Discussian

4. full model).

Our results sugeest that a shift from the
75th to the 25th percentile in obesity tmen
and women) and centrad obesity (men) s
associated with a 3.2 mg/dL (men) and a
2.4 mg/dL. (women) lower {asting glucose.
A shift from the 75th to the 25th percentile
for all other madifiable risk factors (men:
intake of encrgv and B-carotene. total cho-
lesterol and HDL: women: fat intake) is as-
socialed with an additional decrease of 3.9
mg/dL. among men and 1.6 mg/dL among
women,

A considerable rise in diabetes preva-
lence over the next 25 vears is projected in
developing countries.” Prolonged life ex-
pectancy and improved economic develop-
ment with urban migration are the primary
forces driving this diabetes epidemic. As g
region. Latin America is expected to have
a substantial increase in diabetes preva-
lence. with a marked excess among urban
residents and women.=

Guatemala is currently undergoing rapid
ecomomic development and rural to arban



migrauon,i? Economic development and ur-
ban migration are associated with increased
consumption wl’ dietary fats and sugars and
decreased physical activity.'? factors which
may promoie the development of abesity
and, hence, diabetes, Although the rugjarity
of men and women in our study still residedd
in u rural environment, overweight and obe-
5ity were common among women. ceniral
cbesity was common among men. and the
majority of men and women engaped only
in light physical activity. There were no un-
diagnosed cases of diabetes in the young
men and women in our study. Impaired
fasting glucose levels were present. how-
ever. though not yet at a prevalence com-
parable to that among young Mexican
Americans in the United States. !’

In our analysis of fasting glucose corre-
lates, we found obesity and central obesity
(men anly) o0 be the most important pre-
dictors of fasting glucose. Obesity. partic-
ularly central obesity, has long been rec-
ognized as a risk factor for diabetes in in-
dustrialized countnies.!" In the United
States, one in tive adults who are at least
25 percent over their ideal body weight has
an elevated fasting glucose,* and more than
one third of adult diabetics are obese.?! Ad-
ditionally. therc is a greater prevalence: of
central obesity in thase with diabetes or im-
paired glucose tolcrance than in those with
normal glucose levels. especially among
men.:! While the young Guatemalan men
and women in our study were considered
lcan relative to US populations.?2 we found
obesity and central obesity 1o be the largest
environmental influence on fasting glucose
variance, BMI and AHR were positively as-
sociated with fasting glucose, and men who
had both high BMI and AHR showed the
highesl fasting glucose. BMI was also pos-
itively related to fasting glucose among
women. However. unlike other reparts.’'-=
we found that central obesity was not an
independent predictor of fasting glucose
among women,

Independent of their associations with

Fasting Glucosc Among Guatemalan Adults—Conlisk et a/ EB5

obesity. dictary fat intake and physical in-
activity have heen shown ta influence the
development of digberes.! Dietary fag intake
in our study population was considerably
lower than usual fat intakes found in US
populations.*' Hawcever, similur o0 other
stuclies supporting an association between
fasting glucuse and fat intake 26 we found
energy-adjusted dietary fat intake to be a
significant predictor of fasting glucose
among women. The association berween
lasting glucose and physical activity was
present only among women and was depen-
dent upon current place of residence. It is
unclear why physical activity would be as-
sociated with an increase in fasting glucose
among women living in a rural environ-
ment. In the context of a rural setling, in-
creased physical activity may be indicative
of a lower saciocconomic status which may
coincide with other risk factors for disease.
The negative relationship between physical
activity and fasting glucose found among
women in urban settings was considerably
stronger and consistent with other studies.!

Fasting glucose level was inversely as-
sociated with B-carotene intake among men
in our study. Other observational studies
have reported positive associations between
glucose 1wlerance and B-carotene intake,”’
ur B-carotene serum concentration 8.2
However. in 4 randomized, double-blind,
placebo controlled clinical B-carotene sup-
plementation trial among male physicians.
incidence of type 2 DM did not differ be-
tween treatment groups.’® While our study
supports a relationship between 3-carotene
and type 2 DM. 1t is possible that other
compounds present in fJ-carotene rich foods
may play i role.

Village of birth was not only a significant
predictor of fasting glucose among womern.
but also moditied the association hetween
fasting plucose and energy-adjusted fat in-
take or current residence among women,
and HDL among men, The relationship be-
tween village of birth and fasting glucose
may be a marker for genetie differcnces be-
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tween villages, or for unmeasured caviron-
mental influences operating at a village lev-
el. Further explorwtion inw village-level
ditferences mav be warranred.

To vwur knowledsge, no other study has as-
sessed the correlates of fasting- glucose in
young men und women living in Guate-
mala. [dentifying risk factors for hypergly-
cemia is especially important for Latin
Americar countries, as diabetes prevaleénce
in Latin America is expectad to increase
48% from 1995 10 2025.° We were able to
assess multiple socioeconomic. behuvioral.
and clinical risk factors known to be asso-
ciated with the development of diabetes.

This was, however. a cross-sectional
study and causal links between these risk
factory and fasting glucaose cannot be estab-
lished. Our study is also Tlimited by the use
of a measure of fasting blood glucose level
that has not. to our knowledge. been vali-
dated. It is possible that the mcasures of
fasting glucose are imprecise or biased.
While these limitations may result in an un-
relisble population meun for fasting glu-
cOsC. any associations observed are still
valid and our resulls may, in Fact, under-
estimate the true strength of the associations
observed. Although our analytical approach
was based on empirical evidence, the vari-
ables we chose 0 test were a subset of pos-
sible variables thoughr o be physiologically
relevant a privri. Qur approach did not al-
low intra<<lass variables to change after
combination with variables from other clas-
ses. However. this was only relevant to the
variable class of anthropometry where we
uscd more than one variable to represent
obesity und central obesity. Additionally.
fasting glucose measures may not be the
best indicator of pre-clinical discase. Oral
glucose wierance tests may be more pre-
dicive of disease devclopment than are
fasting glucose.'” but were not feasible in
the context of this study.

The emerging epidemic of type 2 DM in
developing countries® necessitates the iden-
tification of thc predictors of fasting glu-

cose aperating in populations which are at
increased rish ror developing diabetes, in
order 1o promote early glucose management
before the onset of clinical disease. Only
aboul onc quarter of fasting glucose vari-
ance cauld be explained in the young men
and women of this Guatemalan population.
This is <imilar 1o rcports on other popula-
tions in Jeveloped countries, 2% and sug-
gests that ghicose metabolism is tighty reg-
ulated biologically. Nevertheless, we have
identificd scveral lactors known (o increase
risk for developing diabetes that may be
amenablc w chunge and. thus, may contrib-
ute to Iower [asting glucose concentrations.
Most importantly. our smdy reinforces the
necd o prevent the onset of obesity.
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