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Abstract

A study on risk factors for type 2 diabetes and cardiovascular disease (CVD) in 250 male and
female adult subjects 20 years of age and over, pertaining to different socio-economic levels is
being conducted in Hermosillo, Sonora, Mexico. Measurements of weight, height, waist/hip ratio,
blood pressure, oral glucose tolerance test, blood levels of total of cholesterol, tryglicerides, LDL
and HDL-cholesterol are being obtained. Body composition is being determined by deuterium
dilution and infrared spectroscopy, air displacement plethysmography, skinfold thickness and
bio-electrical impedance. Physical activity by questionnaire and diet by non-consecutive multiple
24 h recalls (to account for seasonal and inter-individual variability), will provide information on
lifestyle and diet. At present, analysis of 141 subjects has been completed. Preliminary results
showed high levels of overweight, 55 % with BMI >25, and obesity, 17 % with BMI >30. Subjects
with abnormal glucose levels had significantly higher weight (p<0.008), larger waist/hip ratio
(p<0-003), higher % body fat (p<0.01), higher systolic and diastolic blood pressure (p<0.01;
p<0.009 respectively) than normal subjects, after adjusting for sex and age. Serum tryglicerides
were significantly higher in obese subjects with central adiposity than non-obese subjects. Body
composition by deuterium dilution was determined by infrared spectroscopy and by air
displacement plethysmography in a preliminary pilot study. Finally, a physical activity
questionnaire was tested in two groups of subjects with different lifestyles.

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 2010 there will be an estimated 215 million cases worldwide. In older persons, cardiovascular
disease (CVD) is still the major cause of morbidity and mortality [2-3].

In the EURODIAB study the factors significantly related to CVD prevalence were age, duration
of diabetes, serum tryglicerides, HDL cholesterol, waist/hip ratio, body mass index, and hypertension
[4]. Type 2 diabetes was associated with a two -to four- fold increase in coronary heart disease (CHD)
compared to non-diabetic populations. Conventional risk factors such as dyislipidemia 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 onset of type 2 diabetes [5]. 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 [4].

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 [6]. Diet and physical activity may play a very important role in the prevention of the
disease under these conditions [7].

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 [8]. 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 [9].

The National Survey on Chronic Diseases in Mexico [10] 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%, microalbuminuria,
11.7%, high cholesterol, 8.8%, and diabetes, 6.7%. [10]. Diabetes prevalence was 12.1% in
individuals with BMI >35 compared to 3.8% for individuals with BMI <25. In northern Mexico diabetes
was 7.8% and was the only region that had a higher prevalence than the national reference. The
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national study showed an important association between diabetes and levels of education. Individuals
with no education, showed a higher prevalence of diabetes (15.6%) 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 the State of Sonora, 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. The explanation for this may be that diet
in this region is high 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

2.1. Impaired glucose tolerance and diabetes

Two hundred and fifty male and female adult subjects aged 20 years or older, from different
socio-economic levels will be screened by means of a 75g oral glucose tolerance test after completing
a questionnaire on their present health status. Glucose will be determined by the Hemo-Cue system
[11]. Diagnosis of diabetes and impaired glucose tolerance will be assessed by WHO criteria [12].
Subjects with impaired glucose tolerance and diabetes will be recruited for glycated haemoglobin
(HbA1c) and albuminuria [13]. Insulin sensitivity tests using RIA are being considered.

2.2. Lipid profile

A blood sample will be drawn to determine blood lipids, total cholesterol, lipoproteins, c-LDL,
c-HDL [14] and serum tryglicerides [15]. Previously serum lipoproteins (c-LDL and c-HDL) will be
separated by heparin-manganese method [16]. Quality control will be assured by sample duplication
and by using certified standard serum controls (Precinorm U; Boheringer-Mannheim, Germany).

2.3. Anthropometry

Body weight (by electronic scale, 0-150+0.05 kg), and height (by a Holtain stadiometer, 0-210 +
0.1 cm), will be used to calculate body mass index (kg/m2). Skinfolds are measured at 4 sites: triceps,
biceps, sub-scapular and supra-iliac regions to look at fat distribution and estimate total body fat.
Waist and hip circumferences are measured to estimate central adiposity.

2.4. Body composition

2.4.1. Determination ofD2O using infrared spectroscopy.

Sample preparation. In order to separate the water and D2O of the saliva sample from other
materials, the aqueous phase will be frozen at -70°C and sublimated under reduced pressure to total
dryness. The volatilised liquid will be condensed in a cold trap (-25 to -30°C) immersed in a 50%

ethylene-glycol bath in our sublimation system and filtered with a Millipore membrane (0.22 u,m).

Measurement of deuterium. Deuterium was measured using a Miran 1FF fixed filter infrared
spectrometer fitted with a 4 micron filter and a 0.2 mm calcium fluoride flow through-cell adapted with a
temperature controlled cell holder. For temperature control, a constant temperature circulator set at
15°C will be used (VWR mod. 1150 A). The standards (gravimetrically weighed amounts of D2O, 99.9
atom %, in deionised water) and sublimated samples will be drawn into 2.5 ml syringes. Deionised
water (15 ml) will be used to rinse the cell after each sample. After stabilisation of the temperature of
the cell for 15 minutes, approximately 1 mL of each standard was sequentially injected into the cell and
the changes in absorption recorded by means of a digital multimeter (Fluke 83 III) serially connected
to the IR-spectrometer. The samples were loaded and measured sequentially in duplicates. A
calibration curve is calculated daily and the D2O content of the samples determined from the curve
after subtraction of the D2O natural abundance level measured in the zero standard (deionised water
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or basal saliva samples) [17].

2.5. 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 ml of tap water was used to rinse the cup and mouth of D2O ingested. Saliva samples
were taken after 4 h and the D2O concentration was determined by the infrared spectroscopy method
using sublimated samples. Calculation of total body water was done according to the Schoeller et al.
[17].

Dex104

TBW = k g

P - x

Where:
De = the effective dose of D2O = weight of D2O x % purity - urinary loss
p = enrichment of biological fluid (ppm) at equilibrium with the added D2O
x = background enrichment of biological fluid (ppm) before addition of D2O

2.6. Air displacement plethysmography, BOD-POD (BP)

2.6.1. Background

Studies of this technique has been reported by various authors [18-20]. Validity was assessed
by McCrory, comparing the BP with underwater weighing (UW) in 68 subjects. The mean difference in
% fat (BP-UW) was - 0.3 + 0.2 (SEM) with a 95 % Cl of-0.6 to 0 % fat. The regression line equation
(% FATUW = 1,86 = 0.94%FATBP ; r2 =0.93, SEE =1.81) and did not differ by gender. According to
these findings; the authors suggest that the BOD-POD is a "reliable and valid method for determining
% fat in adult humans in comparison to hydrostatic weighing and because of its quickness and
simplicity of operation, may be useful to accommodate obese, elderly and disabled individuals".
Further work is needed to establish the precision and accuracy of this technique across the range of
potential subjects.

2.6.2. Plethysmographic measurements

A pilot study has been conducted on ten females 28-56 years and a BMI range 18 to 45 who
were also dosed with deuterium and measured for skinfold thickness at four sites and bio-electrical
impedance. Subjects were measured in the morning after 2-3 hours fast, after voiding, with either a
tight swimsuit or tight underwear and a swimming cap to cover hair. All subjects went through a
training session in which body weight, body volume and thoracic gas volume were measured [20].

2.7. Dietary studies

Distribution of energy intake and its relation to fat, protein, carbohydrates and alcohol will be
assessed by the 24-hour dietary recall method on at least two separate occasions throughout a one
year period. Nutrients analysis will be done using a computer program developed at CIAD A.C. [21]
and national food composition tables [22] as well as other sources [23].

2.8. Physical activity by questionnaire

Physical activity will be 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 [5]
adapted from Kriska et al [24].

3. RESULTS

Results to be presented are partial, covering 141 subjects in most cases and only few subjects
in two of the pilot studies.

Table I presents the physical characteristics of the subjects studied. Mean values for age,
weight, height, BMI, weight/height ratio, and % fat as determined by bio-electrical impedance are
presented for 83 females and 58 males, a total of 141 subjects. The mean BMI was not different
between the female and male subjects, however females had 8% higher fat content. A high
percentage (55%) of the individuals studied, both male and female, were considered overweight with
BMI'S >25 and 17 % of the subjects were obese with BMI >30 (Figure 1).
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Table II presents the risk indicators in subjects with normal and impaired glucose tolerance. Of
the 22 subjects diagnosed with abnormal glucose values, using WHO criteria, 19 had impaired
glucose tolerance and 3 had diabetes. Subjects with abnormal glucose values had significantly higher
weight (p<0.008), larger waist/hip ratio (p<0-003), higher % body fat (p<0.01), higher systolic and
diastolic blood pressure (p<0.01; p<0.009 respectively) than normal subjects after adjusting for sex
and age.

there were no significant differences in total serum cholesterol, HDL-cholesterol, LDL-
cholesterol, and serum tryglicerides (Table III). VLDL-cholesterol is not reported at this time.

Serum tryglicerides and HDL-cholesterol levels were analysed in non-obese and obese
subjects with low and high central adiposity, which were calculated based on a) waist/hip ratio (w/h)
and b) waist circumference alone (we). Serum tryglicerides were significantly lower (p<0.001) in the
non-obese group compared to the subjects in the obese group of both categories, low and high central
obesity. Results were similar, irrespectively of the central obesity indicator utilised (waist/hip ratio or
waist circumference). In both cases, serum tryglicerides tended to be higher in the high central
adiposity group (android shape). However these difference was not significant (Figures 2A.2B).

Obese subjects with high central adiposity by we and by w/h ratio had significantly lower HDL-
cholesterol levels (p<0.001) than non-obese subjects. The same tendency was observed when w/h
ratio was used, however, only the low central adiposity group had lower values than the non-obese
group (Figures 3A, 3B).

3.1. Pilot studies

3.1.1. Comparison of body composition by dilution and air displacement plethysmography
(Bod-Pod)

Ten female subjects, ranging in age from 26 to 57 years, were evaluated on the same day. BMI
ranges were from 18.3 to 46.7. The mean % of fat, as determined by the deuterium dilution method,
was 39.1+ 11.5 and by the Bod-Pod method was 37.8+ 11.5 (Figure 4A). The correlation between
these two methods was r=0.96 with p<0.0001. The data in Figure 4B is presented according to the
statistical methods for assessing agreement between two methods of clinical measurements, as
suggested by Bland and Altman [25].

3.1.2. Physical activity level (PAL)

PAL in men with different occupations was determined by a questionnaire [24,7]. In this pilot
study with 16 subjects, PAL in professional workers was 1.43 + 0.05 and in manual workers it was 1.6
+ 0.07 with a p<0.001. The study identified the different activities in which these two groups were
involved and the time spent in activities of different levels of energy expenditure (Figure 5).
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Figure 4a. Body Composition in Women by Dilution with
IRS and Plethysmography (Bod-Pod)
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Figure 4b. Body Composition by Dilution with IRS and
Plethysmography (Bod-Pod)
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TABLE I. PHYSICAL CHARACTERISTCS OF
SUBJECTS

Variable

Age, y

Weight, kg
Height, cm

BMI, kg/m2

w/h

% fat1

Sex
Females

n=83

35
67.2

160.3

26.1

0.78
34.5

Males
n=58
35.9
79.7
173.9

26.3

0.90
26.9

P

=0.65

O.0001
<0.0001

=0.79
<0.0001
<0.0001

1 Fat by bioelectrical impedance
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TABLE II. RISK INDICATORS IN SUBJECTS WITH
NORMAL AND ABNORMAL GLUCOSE LEVELS

Indicator1 Glucose status
Normal Abnormal glucose* p

n=119
Bodv Size, composition
and blood pressure

Weight, kg
BMI, kg/m2

w/h ratio

Body fat2, %
SBP, mmHg
DBP, mmHg

71.1
25.7

0.83

30.6

110
71

n=22

79
28.9
0.86

35.0

118
76.6

<0.008
<0.002

<0.003

<0.01

<0.01
<0.009

*19 with IGT, and 3 with type 2 diabetes
1 Adjusted for age and sex by co-variance analyses
2 By BEI analyses

TABLE III. RISK INDICATORS IN SUBJECTS WITH
NORMAL AND ABNORMAL GLUCOSE LEVELS

Indicator1

Blood lioids. ma/dL

Total cholesterol
HDL- cholesterol
LDL- cholesterol

VLDL- cholesterol
Tryglicerides

Glucose status
Normal Abnormal glucose*

n=119

181

46
109

133

n=22

174
44

99

165

P

=0.42
=0.37

=0.15

=0.12

*19 with IGT, and 3 with type 2 diabetes
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