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Abstract

Background:
Obesity, type 2 diabetes and cardiovascular disease (CVD) are a major concern in many parts of the
world. In Northern Mexico, these problems have been reported to be higher the in the rest ofthe Country.
Objective:
To assess the different risk factors based on body status (body composition, body size, fat distribution)
and lifestyle factors (diet andphysical activity) for the development of type 2 diabetes and CVD in men
and womenfrom different socioeconomic levels in north-west Mexico.
Methods:
Non probabilistic sample selection by invitation was used to recruit subjects, completing quotas by age
groups, gender and socioeconomic status. The study included 350 men and women, 20-84 years
pertaining to low and high income groupsfrom the city ofHermosillo, Sonora, Mexico. All subjects were
measuredfor body weight, height, waist and hip circumferences, skinfolds, bioimpedance analysis BL4),
systolic and diastolic lood pressure SBP, DBP). Body mass index (BMI) and -waist to hip ratio were
calculated An oral glucose tolerance test (OGYT) after a 12 hourfast was performed and blood samples
were taken for analysis of insulin, leptin, total cholesterol, HDL, LDL-cholesterol and serum
triglycerides. In 273 of the 350 subjects physical activity was studied y questionnaire. Activity was
calculated as in categories of low, medium and high intensity and expressed as hours1day with respect to
occupational and recreational activities. Physical activity level (PAL) was also calculated from the
questionnaires. Body composition was investigated in more detail by air displacement plethysmography
(densitomelpy) and by deuterium dilution in 200 subjects. Diet by 24 hour non-consecutive recalls in
another sub-group of 135 male and female subjects. Statistical analysis was performed using NCSS
statistical software using ANCOV,4 and regression procedures.
Result:
High levels of overweight BMI >25) and obesity BMI>30) were found in this population group with 65
and 23.4 of them being in these categories respectively. After adjustingfor sex and age, results showed
that subjects with anormal glucose tolerance levels had significantly higher weight (p<O 0001), BMI
(p<O 0001), waistlhip ratio (p<O 0001), % bodyfat by BL4 (p<O 0001), and systolic and diastolic blood
pressure (p<0.0001), than normal subjects. Serum triglycerides and 2 hour glucose levels were
significantly higher (p<0.0001) in subjects with overweight and central adiposity than in subjects with
overweight only. Te inverse was observed in the case ofHDL-cholesterol levels (p<0.0001). Levels of
obesity and overweight in this region are similar lo those reported in developed countries. Of the
anthropometric measurements, waist, waist1hip ratio and BMI showed the best correlation with respect to
glycaemic status, blood lipids and insulin sensitivity ISI 0,120- In terms of body composition percent body
fat by BL4 showed the best relationship to insulin sensitivity with the same index.
Conclusions.
Total bodyfat and regionalfat distribution rather than body size may be a better alternative to assess risk
levelsfor Type 2 diabetes and CVD. For population studies, this has to rely on appropriatefield methods
such as B14. However, this has to be validated by recognised methodology such as deuterium dilution,
DEYA or body density determinations that can provide the necessary information for specific predictive
equation development
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Work in Progress:
Body composition by deuterium dilution determined by IR spectroscopy and plethysmography to validate
BL4 are still in progress bt preliminary results show that either method can be used for validation
purposes. Diet and physical activity data analysis will be completed by recruiting 50 mores subjects.
Further analysis combining all possible risk indicators through multiple regression procedures are still
pending as well as HOAL4 calculations.

Take Home Message:
The anthropometric evaluation of regional fat distribution and total body fat by BL4 might be an
importantfield techniquefor type 2 diabetes and CVD risk assessment. Intervention studies that may use
thefindings in this studyfor thispopulation would be warranted

1. SCIENTIFIC BACKGROUND

Non-insulin-dependent diabetes mellitus or type 2 diabetes accounts for approximately 80-90
% of all diabetes [1] and is probably one of the fastest growing global problems. If this trend
continues, by the year 201 there will be an estimated 215 million cases world-wide. In older
persons, cardiovascular disease (CVD) is still the major cause of morbidity and mortality [2-

3].

Alterations in carbohydrate and lipid metabolism increase with age 4]. However, in younger
populations alterations are associated with central fat or the increase in visceral fat 5-7].

In the EURODIAB study, factors sgnificantly related to CVD prevalence were age, duration
of diabetes, serum tryglicerides, HDL cholesterol, waist/hip ratio, body mass index, and
hypertension [8]. Type 2 diabetes was associated with a two -to our- fold increase in
coronary heart disease (CHD) compared to non-diabetic populations. Conventional risk
factors such as dyslipidernia and hypertension have consistently been identified as strong risk
factors for CHD development. Increased CVD risk factors have also been found to be present
prior to the oset of type 2 diabetes 9]. The WHO multinational study demonstrated that the
assessment of CVD risk factors in diabetes must include "diabetes-related" factors such as
glycaemic control, proteinuria and retinopathy, as well as the classical CVD risk factors,
blood pressure, smoking and dyslipidaemia [8].

Despite the importance of genetic pre-disposition, the understanding of the aetiology and
pathogenesis of non insulin dependent diabetes has highlighted a number of potentially
reversible and contributory environmental factors which give credence to the view that this
disease is largely preventable 10]. Diet and physical activity may play a very important role
in the prevention of the disease under these conditions [I 1 ].

Mexico, like other countries in the world, is experiencing an epidemiological transition

period. In 1922, 1.5% of the total deaths in Mexico corresponded to chronic degenerative

diseases- by 1992 this percentage was 53 12]. Today chronic degenerative diseases are

considered major public health problems. In people over 65 years of age, the percentages of

deaths due to type 2 diabetes, vascular disease, renal disease and cancer is even increasing. In

the northern states of Mexico, CVD is even a greater problem 13].

The National Survey on Chronic Diseases in Mexico 14] included 18,924 individuals

belonging to 8120 households from 4 different regions: North, South, Centre and the

Metropolitan area of Mexico City. The prevalence of disease in adults 20-69 years of age,

based on laboratory or clinical examination data were as follows: hypertension, 24.6%,

obesity (BMI > 30), 21.5%, inicroalbuminuria, 11.7%, high cholesterol, 8.8%, and diabetes,

6.7%. 14]. Diabetes prevalence was 12.1% in individuals with BMI >35 compared to 38%
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for individuals with BMI < 25. In northern Mexico diabetes was 78% and was the only
region that had a higher prevalence than the national reference. The National study showed an
important association between diabetes and levels of education. Individuals with no
education, showed a higher prevalence of diabetes (I 56%) compared to the lowest value of
2.8%, in individuals with postgraduate studies. The prevalences were similar for the group
with secondary school and university bachelor education, and increased again for those
individuals with only elementary education 10.3%). Unfortunately the report does not
indicate what co-variables, if any, were used for adjusting.

In Sonora a northwestern state of Mexico, CVD and type 2 diabetes are the second cause of
mortality. The national survey on chronic diseases in Mexico reported a higher prevalence of
diabetes in the Northern States of Mexico than in the South and Southeast. Te explanation
for this may be that diet in this region is igh in energy, and saturated fat, due to higher
consumption of animal products. Modernisation is changing physical activity patterns, and
lifestyle in general, promoting an obesogenic environment.

In summary, the national study on chronic diseases in Mexico, showed that the main causes of
mortality are: heart disease, cancer, diabetes mellitus, and vascular cerebral disease. These
diseases represented 8% of the causes of mortality in 1930, 34% in 1990, and unless this trend
changes, it is estimated that it will over 58% by the year 2030.

2. METHODS

Three hundred and fifty male and female adult subjects aged 20 years or older from low and
high income socioeconomic levels, provided samples for an oral glucose tolerance tests,
blood lipids, insulin and leptin determinations.

2.1. Oral Glucose Tolerance Test (OGTT).

Fasting and 2 hour glucose samples after a 75 g glucose load (Glutol; Paddock Lab Inc. MN,
USA) were analysed using the glucose oxidase method in a Beckman Glucose Analyser
System (Beckman Instruments, Inc., Fullerton, CA 92634-3100), after completing a
questionnaire on their present health status. Diagnostic criteria for impaired glucose tolerance
and diabetes was that of the American Diabetes Association (I 999) [15].

2.2. Glycated Haemoglobin (HbAle)

A total of 80 subjects, 31 with diabetes and 49 with impaired glucose tolerance were recruited
for HbAlc measurements. Both total haemoglobin and haemoglobin Alc were determined
using the DCA 2000+ (DCA 2000+ Analyzer, Bayer Corporation Elkhart, IN 46515 USA).
Total haemoglobin was determined by forming tiocyan-methemoglobin. For the measurement
of specific hemoglobin Al c an in inhibition of latex agglutination assay was used with HbAl c
specific mouse monoclonal antibodies.

Both the concentration of HbAlc specifically and the concentration of total haemoglobin are
measured, and the ratio reported as percent HbAlc.

2.3. Insulin and Insulin Resistance

Insulin was determinated by RIA with The Coat-A-count Insulin procedure 16] (Iso-Data
incorporated, 1500 Hicks Rd. Rolling Meadows, IL. 60008).
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2.4. Insulin Senstivity and Glucose Tolerance

The insulin sensitivity index (IS10,120) was used as an index whole body insulin sensitivity the
time points and 120 minutes of the OGTT according to Gutt et al 2000) 17] as a
modification of the sensibility index (SI index) published by Cederholm. and Wibell and
Wibell [ 1 8]. The formula was simplified by omitting constant terms used to convert units of
measurement, and by using only the and 120 minute glucose and insulin values obtained
from the OGTT.

The following formula is used to calculate the glucose uptake rate by peripheral tissues,
designated here as: in (mg/min)

rn = 75,000 ( Omin glucose - 120 min glucose) x 0 19 x BW)]/120 min

Where: 75,000 is the glucose load in mg- 019 x BW denotes glucose space- BW is body
weight. Zero means plasma glucose NTG), the mean of the and 120 minute glucose values
from the OGTT is used to obtain the metaboilic clearance rate (MCR) which corrects the
potential influence of differnt blood glucose concentrations on the glucose uptake rate.

MCR= mN1PG

To correct for skewness of distribution the mean serum insulin (MSI, mU/1, calculatesd as the
mean of the and 120 min insulin values, is log transformed. The SI 0120) insulin sensitivity
index is then calculated:

ISIO,120 = MCR/log NIPI

2.5. Blood Pressure

Blood pressures was measured using a mercury baumanometer (Desk model Adult Calibrated
0320, distributed by Graham-Field Inc., NY)

2.6. Lipid profile

Blood from antecubital vein was collected into tubes (Becton Dickinson V. S. SST GEL) with
clot activator. The serum was obtained by centrifugation at 1600 x g for 20 min at 4 'C CS-
6R Centrifuge Beckman, Instruments, Palo Alto, Ca) and an aliquot of serum was taken for
immediate total cholesterol an triglycerides analysis.

High density lipoprotein (HDL) cholesterol was determined after precipitation of apo B-
containing lipoprotein with sodium heparin and manganese chloride using the method of
Warnick 19]. Low-density lipoprotein was estimated using the formula established by
Freidewall 20], were very- low-density lipoprotein = triglycerides/5, and LDL-cholesterol
total cholesterol - VLDL-cholesterol + HDL-cholesterol).

Total cholesterol, lipoproteins, c-LDL, c-HDL 21] and serum tryglicerides 22]. Were
determined for all 350 subjects. Serum lipoproteins (c-LDL and c-HDL) were separated by
heparin-manganese method [ 1 9]. Quality control will be assured by sample duplication and by
using certified standard serum controls (Precinorm U; Boheringer-Mannheim, Germany).
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2.7. Anthropometry

Body weight (by electronic scale, 150+ 0.05 kg), and height T a Holtain stadiometer, 0-
210 + 0.1 cm), were used to calculate body mass index kg/m Skinfolds were measured
either at the triceps level for the 350 subjects or at 4 sites: triceps biceps, sub-scapular and
supra-iliac regions to look at fat distribution and estimation of total body fat in the body
composition study with deuterium dilution and air displacement pletismography on 200
subjects.

Waist circumference was measured in supine position using at the umbilicus level using a
fiber glass measuring tape (Lafayette Instruments Company Inc. 3700 Sagamore Parkway N)
and hip circumference was measured at the level of the most prominent part of the gluteus and
the waist/hip ratio (WHR) was determined from these measurements 23].

2.8. Body Composition

2.8. 1. Determination ofD20 Using Inftared Spectroscopy

(a) Sample preparation.

In order to separate the water and D20 of the saliva sample from other materials, the aqueous
phase was frozen at 70'C and sublimated under reduced pressure to total dryness. The
volatilised liquid was condensed in a cold trap (-25 to 30'C) immersed in a 0% ethylene-
glycol bath in our sublimation system and filtered with a Millipore membrane 0.22 pra).

(b) Measurement of deuterium.

Deuterium was measured using a Miran lFF fixed filter infrared spectrometer fitted with a 4
micron filter and a 02 mm calcium fluoride flow through-cell adapted with a temperature
controlled cell holder. For temperature control a constant temperature circulator set at 150C
was used (VVVR mod. 1150 A). The standards (gravinietrically weighed amounts of D20,

99.9 atom %, in deionised water) and sublimated samples was drawn into 25 mL syringes.
Deionised water 15 m) was used to rinse the cell after each sample. After stabilisation of
the temperature of the cell for 15 minutes, approximately I ML of each standard was
sequentially injected into the cell and the changes in absorption recorded by means of a digital
multimeter (Fluke 83 HI) serially connected to the IR-spectrometer. The samples were loaded
and measured sequentially in duplicates. A calibration curve was calculated daily and the D20

content of the samples determined from the curve after subtraction of the D20 natural
abundance level measured in the zero standard (deionised water or basal saliva samples) 24].

(c) Measurement of Total Body Water

Each subject ingested 30 g of deuterium oxide 99.8 atom %) mixed with 20 ml of tap water.
An additional 30 L of tap water was used to rinse the cup and mouth of D20 ingested.
Saliva samples were taken after 4 h and the D20 concentration was determined by the infrared
spectroscopy method using sublimated samples. Calculation of total body water was done
according to the Schoeller et al. (I 980) reported i 24].
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2.9. Air Displacement Plethysmography, BOD-POD (BP)

2.9. 1. Body Composition by Air Displacement Plethysmography

Studies of this technique has been reported by various authors 25-27]. They indicated that
further work is needed to establish the precision and accuracy of this technique across the
range of potential subjects. Body density was measured using a new air displacement
plethysmography BOD-POD Body Composition System, Life Measurement Instruments,
Concord CA). The BOD-POD has a single structure containing two chambers. A volume
perturbation device situated between the two chambers, electronically controlled by a servo
system, produces pressure fluctuations in both chambers which are used to assess the total
body volume. The system has been previously described in detail 28]. The subject was
weighed on a calibrated scale to a resolution of 0.5 kg. A two point calibration was then
performed at baseline, with the chamber empty and using 50 liters as the calibration for the
cylinder. With this data a regression equation that relates volume to ratio of the pressure in the
two chambers was developed.

The subject entered the chamber in a tight swimming suit and cap and sat down for the
volume measurements. Surface area was automatically computed and was used to correct for
the apparent negative volume caused by the isothermal effects related to skin surface area.
Thoracic gas volume (including the lung air volume and any air which may be trapped in the
thorax) was also measured. This technique is similar to the plethysmographic measurement of
thoracic gas volume used in pulmonary function testing 28]. For male subjects, body density
was used in Siri's equation[29] to determine body fat and fat free mass (FFM) based on a two
compartment model. In the case of females subjects, Siri's equation modified by Goran et al.
was used 30]

Two hundred men and women, 24-70 y of northern Mexico, were measured for body density
by ADP (Bod-Pod), and for total body water by deuterium dilution. Subjects were dosed with
30 g deuterium oxide. A subsample of 34 subjects measured by this technique for body
composition was compared to that obtained by deuterium.

2.10. Bioelectrical Impedance Analysis

Bioelectrical impedance was measured with a bioelectrical impedance analyzer (Model BIA-
101, RL Systems Detroit, Mich., USA). Volunteers were instructed to lie flat with their
hands on their side and with their legs separated, placing electrodes on the subjects to measure
resistance and reactance as recommended by the manufacturer. The system was calibrated
periodically with a 00 ohm resistor and measurements were continued as long as the
instrument readings remained within 2 ohm of the calibrated resistor.

2.11. Dietary Studies.

Distribution of energy intake and its relation to fat, protein, carbohydrates and alcohol were
assessed by the 24 hour dietary recall method on three separate occasions throughout a one
year period in 135 of the 350 subjects in the complete study subjects. Nutrients analysis was
done using a computer program developed at CIAD A. C. 3 and national food composition
tables 321 as well as other sources 33].
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2.12. Physical activity by questionnaire

Physical activity was obtained through a questionnaire, which has been adapted to.take into
consideration the work and leisure activities similar to the one used with the Mexican Pimas
[34] adapted from Kriska et al (1085) 35]. Both leisure and occupational activities were
measured. The assessment of occupational activity was based on specific activities rather than
on job title alone because of potential problems (such as regional or seasonal variation in jobs.
Leisure activities were investigated based on specific sport and other non occupational
activities for this population. Results are expressed weekly representative of the past year as
hours/week and divided into low, moderate and hard intesity categories. Physical activity
level was also expressed as PAL or multiples of BMR 36].

3. RESULTS

3.1. Risk factors for CVD in Adult male and female subjects

The physical and metabolic characteristics of the sample are presented in Table 1 No
significant differences were found between men and women with respect to age, BMI and hip
circumference. Waist circumference was significantly higher in men than in women. However
triceps skinfold and percent body fat from triceps and from BIA were significantly higher in
women than in men. SBP, DBP, cholesterol, VDL-cholesterol and triglycerides were
significantly higher in men than in women, and HDL-cholesterol was higher in women. There
were no significant differences in fasting glucose levels or 2 hour glucose after the OGTT.
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TABLE 1. PHYSICAL AND METABOLIC CHARACTERISTICS OF SUBJECTS

Source F male (n=188) Ma e (n=162)
Mean SD Range Mean SD Range P

Age, y 44.9 16 ( 1-85) 46.7 12.9 (21-84) NS
Weight, kg 68.1 12.9 (39.5-110) 81.04 15.4 (48.5-142) < 0.0001
Height, cm 158.6 6.2 (142-174) 172.2 6.2 (157-194) < 0.0001
BM[I. Kg/m2 27.0 4.9 (16.7-44.8) 27.3 4.6 (17.6-44) NS
Waist, cm 83.9 11.4 (60-129) 93.6 12 (57-127) < 0.0001
Hip, cm 102.7 9.7 (81-136) 100.8 8.5 (83-139) NS
Waist/hip 0.82 0.07 0.64-1.15 0.93 0.07 0.66-1.09 <0.0001
Triceps, mm 23.7 6.4 7.1-38.8 14.8 6.5 (4.4-38.1) < 0.0001
Fat, by triceps SKF, % 35.4 5.31 (19.5-46) 27.4 6.1 12.1-46) < 0.0001
Fat BIA, % 35 6.9 (13-50) 25.5 65 (8-44) < 0.0001
SBP, mmHg 116.7 21.9 (71-199) 126.2 16.6 (95-195) < 0.0001
DBP, mHg 70.7 8.9 (54-105) 78.2 10 (56-110) < 0.0001
Cholestero? mg/dL 182.6 38.4 (92-311) 189 35 (113-287) < 004

HDL- 45.8 1 1 (18.3-87.5) 39.6 9.1 (241-79) <0.0001
Cholesterol*mg/dL
LDL-Cholest* mg/dL 109 31.6 (26.2-231) 112 3 (38-202) NS

VILDL-Cholesterol* 27.2 14.8 (6.4-98.1) 34.9 17.7 (9.4-98.9) <0.0001
rng/dL
Triaglycerols* mg/dL 136 74.1 (32.3-490) 187 116 (46.7-722) <0.0001
Fating Glucose* rng/dL 93.5 27 '5 (67-310) 94.2 27 (63-297) NS
2 hour Glucose* mg/dL 123 70.9 (49-499) 122 66 (46-523) NS
* Geometric means. BM, body mass index; WER, SKF, skinfold thickness, BIA, bioimpedance
analysis and triceps skinflod using Durnin and Womersley's equations. SBP, systolic blood
pressure, DBP, diastolic blood pressure.
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Table 2 presents the risk indicators in subjects with normal and impaired glucose tolerance.
Of the 350 subjects 0 showed abnormal glucose values, after an oral glucose tolerance test
(OGTT) with ADA criteria [15]- 49 had impaired glucose tolerance and 31 had diabetes.
Subjects with abnormal glucose values had significantly higher weight, larger waist/hip ratio,
higher percent body fat, and highersystolic and diastolic blood pressure than normal subjects
after adjusting for sex and age.

TABLE 2 ANTHROPOMETRIC AND BLOOD PRESSURE VALUES AS RISK
FACTORS FOR CARDIOVASCULAR DISEASE IN SUBJECTS WITH NORMAL AND
ABNORMAL GLUCOSE LEVELS.

Glucose status
Normal (n = 270) Abnormal (n = 0) P

Body weight, kg 71.4 0.8 83.4 + 1.5 <0.0001
Body mass index, kg/i�� 26.2 03 30.4 + 0.5 <0. 00 I
Waist, cm 85.9 1.5 97.1 12 <0. 00 I
Waist/hip 0.86 0.0 0.90 0.0 <0. 00 I

-Body fat, BIA, % 29.4 04 34.9 07 <0.0001
SBP, mm Hg 119.1 09 127.7 + 0.8 <0.0001
DBP, mm Hg 73.1+ 06 77.9 + 1.0 <0.0001
Mean SEM (adjusted for age and gender) Abnormal Glucose: 49 with impaired glucose tolerance
and 31 with diabetes. SBP, systolic blood pressure, DBP, diastolic blood pressure, BIA,
bioimpedance analysis.

Table 3 shows the individual correlations between age, body weight, BNE, waist, hip, WHR
triceps skinfold, percent fat from skinfold, and percent fat from BIA versus fasting glucose
and insulin, 2 h glucose and insulin levels and the insulin sensitivity index (ISI 0120) ftom the
oral glucose tolerance test (OGTT), lipid profile and blood presure as indicates of diabetes in
cardiovascular disease. Age correlated with fasting and 2 h glucose, SBP and DBP but not
with blood lipids. Body weight, 131�11, waist and waist/hip ratioshowed significant positive
associations with fasting glucose, 2 hr glucose, SBP, DBP blood lipids except wh HDL
which showed an inverse relationship. Hip circumference showed the same pattern, but with
lower r's and significance levels. The body composition indexes, triceps skinfold, percent fat
from triceps skinfold and percent fat by BIA showed associations only with fastig glucose, 2 h
glucose. Insulin sensitivity, IS10,120, correlated significantly with age, all anthropometric
variables and percent body fat by BIA. However, the strongest correlations were with the
anthropoinetric indices of central adiposity, waist/hip ratio and waist by itself (Table III)
Except for a correlation of percent fat from triceps skinfold the rest of the correlations with
blood lipids, SBPO and DBP were low and non significant.
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TABLE 3 CORRELATION MATRIX OF AGE, ANTHROPOMETRY, BODY
COMPOSITION AND RISK FACTORS FOR DIABETES AND CARDIOVASCULAR
DISEASE

Fat Fat 
Age Weight BMI Waist Hip WHR Tricep Tricep by

sSFT s SFT BL4,
Fasting glucose 0.25 0.17 0.21 0.20 0.12 0.25 0.09 0.20 0.13
2 h glucose 0.38 0.18 0.29 0.34 0.16 0.33 0.17 0.28 0.15
Fasting insulin 0.20 0.13 0.22 0.22 1 0.13 0.17 0.13 0.16 0.16
2h insulin 0.17 0.05 0.15 0.21 0.07 0.20 0.13 0.12 1 0.14
ISI 0, 120 -0.33 -0.17 -0.31 -0.37 -0.19 -0.33 0.18 -0.25 -0.22
Cholesterol 0.10 0.21 0.20 0.26 0.20 0.19 0.10 0.14 0.09
HDL-Cholesterol -0.06 -0.30 -0.24 -0.33 -0.13 -0.34 0.0 0.02 0.02
LDL-Cholesterol 0.06 0.16 0.16 0.19 0.17 0.12 0.06 0.09 0.10
VLDL-Cholesterol 0.0 0.32 0.29 0.40 0.21 0.38 0.09 0.12 0.03
Triglycerides 0.14 0.32 0.31 0.40 0.19 0.38 0.09 0.09 0.01
SBP 0.62 0.27 0.38 0.49 0.11 0.58 0.12 0.06 0.01
DBP 0.62 0.44 0.28 0.51 0.24 0.50 1 0.09 0.0 0.0
BMI, body mass index; NVHR, waist-hip ratio- SKF, skinfold thickness, BIA, bioimpedance analysis and
triceps skinfold using Durnin and Womersley's equations. SBP, systolic blood pressure, DBP, diastolic
blood pressure. Insulin sensitivy, ISI 1120, correlated significantly with age, all anthropometric variables
and recent body fat by BIA. However, the strongest correlations were with the anthropometric indices of
central adiposity, waist/hip ratio and waist by itself R values. R values >0 I I are p<O. 05 r values > 0 13
are p< 0.02- r values >0. 15 are 0.0 1; r values >0.20 are p <0.0000 .

Serum triglycerides, HDL-Cholesterol and 2 hour glucose levels adjusted by age and sex were
analysed in individuals classified as obese by BMI >25, and by percent body fat, >25 in men
and >30 in women. Central adiposity was defined by waist/hip ratio, >0.85 in women and
>1.0 in men. Serum triglycerides were highest in the high body fat group with central
adiposity than in low adiposity and normal subjects (p<0.0001). The same tendency was
observed when BMI was -used, although no differences were observed between low and high
central adiposity groups (Figures I A and I 13).

The same behavior was observed with respect to HDL-Cholesterol, only in an inverse fashion
(Figures 2 A and 2 B).

Two hour glucose levels using both BMI or percent body fat and central adiposity showed
that the groups with high adiposity had significantly higher 2 hours glucose levels than those
with low adiposity or normal (p<0.0001) (Figure 3 A and 3 B).

Insulin sensitivity adjusted by age and sex from the ISOO,120 was higher in the normal group
than in subjects with impaired glucose tolerance and diabetes (p<0.001). Also, insulin
sensitivity was lower in the high central adiposity group than in the low central adiposity and
normal weight groups (Table 4.

A group of subjects with diabetes and IGT where followed-up after at least 1.5 years and
compared to a normoglycemic group using glycated hemoglobin, H Aic, as an index. An
analysis was also done by obesity groups (Table 4 The HCA group had the highest Hb Alc
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level followed by the LCA and normal groups but did not reach significance (p=0.057),
HbAlc was different by glycemic status (p<0.0001) where the normal roup was the lowest
followed by the IGT and diabetes groups respectively (Table 4.
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TABLE 4 NSULIN, GLUCOSE, HBic AND INSULIN SENSITIVITY IN S13GROUPS
BY OBESITY AND GLYCAENHC STATUS (SEM)'
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A. Tryglicerides (mg/dL) B. Tryglicerides (mg/dL)
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Figures IA and B. Serum tryglicerides levels in normal and obese
and obese subjects in relation to central adiposity (n 350)
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Figure2A y 2B. Serum HIDL-cholesterol levels in non-obese and
obese subjects in relation to central adiposity (n= 350)
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A. Two hour glucose levels (mg/dL) B. Two hour glucose levels )mg/dL)
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Figure 3A and 313. Two hour glucose levels in men and women (n=350).
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3.2. Body Composition.

Preliminary results on 34 subjects 13 men and 21 women) were used to test the accuracy of
the body fat estimates for the IRS deuterium dilution technique (IRS-DD) and was analysed
by regression of FM by the ADP system against FM by IRS-DD method. The relationship
between the FM by the two methods did not differ significantly from the line of identity- 5
neither the intercept 0.071), deviated form zero (p=0.96) and the slope was 096 (P<10-6)

showing methods to be equivalent. Further, mean FM was 26.7 12.4 and 25.6 12.4 kg, for
IRS-DD and ADP techniques respectively (p>0.05). Bland and Altman analysis to examine
the discrepancy between the techniques as a function FM showed no significant bias as
determined by the two methods (r = 0017; p= 093). Mean difference between methods was
1. 08 (CL -0 13 to 23) kg FM. Precision was examined by the model R and the standard error
of the estimate, regressing FM by IRS-DD on FM by ADP. The IRS-DD technique showed
that 92.3% of the variability was explained, however the standard error of the estimate was
3.4 kg. Increase in number of subjects might prove to improve this. IRS-DD has a good
potential for body composition studies under limited resources.
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TYG 4 Plott of intermethod differences between fat mass (kg) values vs their mean values in healthy
men and women
(n = 34, age =38.2 -+-1 1. 78683).
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FIG 5: Comparison offat mass (kg) by BOD POD and D20. The dotted line is the line of identity.

3.3. Dietary studies

Diet of the evaluated individuals showed to be varied, with a considerable supply of total and
saturated fat. Added fat was also a concern among this population and main suppliers of
cholesterol were eggs and whole milk. Diet was also rich in soft drinks and sugar.

According to the above, mean consumption of energy was 2155 ± 758 kcal. Mean energy

from macronutrients (protein, total and saturated fat, and carbohydrates) were 14.9 ± 26, 33.5

± 60, 12.1 ± 26 and 52.5 ± 73, respectively. Dietary risk factors are then present in this
population, since mean total and saturated fat are above the recommended values for a healthy
diet. When consumption distributions are analyzed, 73% and 79% of the total sample had
high consumption of energy from total and saturated fat, if 3 % and IO% are set as a goal.

3.4. Physical activity

Physical activity was evaluated in 273 subjects by questionnaire and divided in to
occupational and recreational categories expressed in hours/day and as PAL or multiples of
BMR (Table 5). Total occupational activity hours were significantly higher in the low income
group, and the high income group showed less hours dedicated to medium and high intensity
activities and more to low intensity activity. In the case of recreational activities, the behavior
was opposite. The high income group had a significantly higher number of total recreational
hours, and higher number of low intensity activity. Most of the occupational and recreational

activity hours did not show differences with respect to gender in each socioeconomic level.

Physical activity level or PAL was 160+0.016 in the low income group and 148 0.013 in
the high income group (p<0.0001). In the low income group men were more active than
women, with a PAL of 166+0.02 compared to 152 0.03respectively (p<0.001). There were
no differences in PAL between men and women in the high income group, where both groups
had a PAL of 148.
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TABLE 5: PHYSICAL ACTIVITY LEVEL, AND OCCUPATIONAL AND
RECREATIONAL ACTIVITIES BY SOCIOECONONHC LEVEL IN MEXICAN ADULT
MEN AND WOMF-N.

Low income gh income p

Men Women Men Women p (SEL)(gender)
Occupational Activities,
hours/day
Low 3.10+ 034 3.16+0.37 NS 5.51+0.31 6.05+0.26 NS <0.00001
Medium 2.17+0.19 2.37+0.21 NS 1.22+0.18 1.38+0.15 NS <0.00001
High 0.77+0.08 0.07+0.07 <0.00001 0.02+0.09 0.004+0.00 <0.0001 <0.00001
Total 5.96+0.35 5.57+0.38 NS 6.82+0.32 7.43+0.27 NS <0.00001
occupational I
Recreational activities,
hours/day
Low 1.13+0.15 1.29+0.16 NS 1.61+0.14 1.55+0.12 NS <0.02
Medium 0.35+0.05 0.43+0.05 NS 0.39+0.0.04 0.43+0.04 NS NS
High 0.17+0.03 0.05+0.03 <0.005 0.22+0.03 0.16+0.02 <0.005 <0.02
Total 1.66+0.17 1.77+0.18 NS 2.21+0.16 2.13+0.13 NS <0.005
recreational I I I I I I I

...... ............. . ...J.:::36 406 ::::::I I 52+ A AW I . ...................... .0 . ......FAL 6 0 . . ....... t.... .. .. ........ ...... ..... ... .......

Weekly occupational and recreational activities of the past year: Low 1-3 METs, Medium: 3-5 METs High: 5-7
METs; PAL: physical activity level as multiples of BMR; SEL: socioeconomic level.

5. CONCLUSIONS

Compared to body size and body composition, regional body fat determined by
anthropometric methods, presented the best individual correlations with glucose status, insulin
sensitivity, lipid status and blood pressure. However, total body fat and regional fat
distribution rather than body size may be a better alternative to assess risk levels for Type 2
diabetes and CVD. For population studies, this has to rely on appropriate field methods such
as BIA. However, this has to be validated by recognised methodology such as deuterium
dilution, DEXA or body density determinations that can provide the necessary information for
specific predictive equation development.

The anthropometric evaluation of regional fat distribution and total body fat by BIA might be
an important field technique for type 2 diabetes and CVD risk assessment. Intervention
studies that may use the findings in this study for this population would be warranted.

Body composition by deuterium dilution determined by IR spectroscopy and
plethysmography to validate BIA are still in progress but preliminary results show that either
method can be used for validation purposes.

Physical activity levels determined by questionnaire were higher in the low income group,
however there were no differences by gender.

Diet and physical activity data analysis will be completed by recruiting 50 mores subjects,
Further analysis combining a possible risk indicators through multiple regression procedures
are in process.
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