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Abstract

There is a gradient of diabetes prevalence among populations of the African Diaspora, with a rate of
about I% in West Africa, 12% in Jamaica and 16% in the United States. A population-based survey was
conducted in an urban community in Jamaica to document the riskjactorsfor the evolution of impaired
glucose tolerance to frank diabetes. In a sample of 614 adults, 239 men and 3 75 women, oral glucose
tolerance tests and examinations were conducted at Baseline and after 4-years ofFollow- Up. There were
significant increases in virtually all weight and adiposity variables for both men and women. Ener�y
expenditure -was also measured in a subset ofparticipants at Follow- Up and was related significantly to
glucose tolerance status. Among men, baseline age, weight, fat mass, body fat, waist circumference,
and change in waist circumference were predictive ofworsening glucose tolerance status. Among women,
only age and change in waist circumference was a significant predictor. No physical activity parameter
was predictive of change in tolerance status. These results provide support for the need to decrease
adiposity as an important mechanism to control the rise in diabetes prevalence.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT.

1.1 Specific Aims

The igration of an estimated 10 million people out of West Africa some 400 years ago has
led to the establishment of stable populations living today in widely contrasting environments.
Ancestral populations in Nigeria, living in subsistence agriculture environments, contrast
sharply with populations in Jamaica where the nutrition and epiderniologic transitions have
been accelerating for the past three decades. Affican-origin populations in the United States
currently live under the most westernized conditions. This economic and technological
gradient is associated with a steep gradient in the dose of risk factors for hypertension and

diabetes, the most powerful determinants being obesity and decrease physical activity (1).
Indeed, the observed prevalences of hypertension and diabetes rise steeply across the
Diaspora: hypertension prevalence in Nigeria is approximately 15%; it is 25% in the
Caribbean and 34% in the US. For diabetes, the corresponding prevalence rates are 1%, 12%
and 16%.

To some extent it is intuitively obvious that levels of physical activity have declined with
each step of the migration from rural to urban West Africa, to the Caribbean, and ultimately to
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the United States. Limited measurements of physical activity have been performed among
peoples of the African Diaspora and none in relation to the risk of diabetes. Our own pilot
data indicate that resting energy expenditure (REE) is constant in ancestral and migrant
populations, and energy expenditure on physical activity declines as adiposity increases 2).
However, the relationship of these changes to glucose intolerance is not known.

Obesity appears to be a determinant of glucose intolerance in its own right, but also represents
a summary statement of energy balance at any point in time. The effects of obesity on glucose
intolerance, therefore, is a mixture of the impact of body composition on glucose-insulin
relationships as well as the modulation of this metabolism by physical activity. Adding to this
complexity is the variation introduced by the rate of appearance of obesity. The assessment of
obesity cross-sectionally conceals the rates at which changes in body composition occur, and
there is good evidence to show that the risk of diabetes in transitional populations and
societies is directly related to the rate of anthropometric change. Rate of change is perhaps
more strongly predictive of diabetes risk than is absolute level of obesity.

In this proposal we seek to measure the energy expended on activity, the rate of weigh change
and change in body composition in a free-living population, and to relate these variables to
changes in glucose tolerance, and the evolution of impaired glucose tolerance to frank
diabetes.

• Determine whether risk of incident diabetes and impaired glucose tolerance is related to
physical activity in two populations of the African Diaspora with widely different levels
of obesity. (Please refer to report by Dr. A. Adeyemo for Nigerian component.)

• Determine whether risk of incident diabetes and impaired glucose tolerance is related to
rate of rise in body weight and change in body composition.

To accomplish these aims we:

• Measured body composition using bioelectrical impedance analysis (BIA), validated using
deuterium oxide dilution, and anthropometrics at baseline and after 4 years (Follow-up) in
a population-based sample of 614 individuals, determine glucose tolerance status at both
examinations, and relate these variables to glucose tolerance.

• Measured the components of the energy budget, REE, total energy expenditure (TEE) and
physical activity (AEE) at baseline in a subset of 140 individuals.

• Determined the relationship between REE, TEE, and AEE, on glucose tolerance and
defined these relationships with the context of the ranking of weight, adiposity, and at-
ftee mass (FFM).

• Determined the rate of change in glucose tolerance status and measure the change in
anthropometrics and body composition variables after a mean follow-up period of four
years and relate these changes to the evolution from impaired glucose tolerance to frank
diabetes.
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2. METHODS

2.1. Sampling Procedure

An initial population-based survey was begun in 1993 using a cluster sampling method
(probability proportionate to size), approximately 2500 individuals were recruited. The
participation rate of this Baseline survey was 60%. In 1997, the Follow-Up survey was
initiated. This consisted of re-contacting as many of the Baseline survey participants as
possible. To date (June 2001), the re-contact rate is 80%. For the present analyses, only those
participants who were enrolled in both the Baseline and Follow-Up surveys and who
underwent a oral glucose tolerance test at both time points were included.

2.2. Measurements

2.2. I. Anthropometry

Weight, height, and waist and hip circumferences were measured with an established protocol
(3,4). Weight was measured to the nearest 0 I kg utilizing a calibrated electronic digital scale;
standing height was measured without shoes to the nearest 0. 1 cm. For both waist and hip
circumferences, the measurement was repeated. If the two measurements differed by more
than 0.5cm, a third measurement was made. All measurements were made with the examiners
blinded to glucose tolerance status.

2.2.2. Body Composition

BIA was used to estimate body composition. BIA measures the impedance to the flow of an
applied low alternating current body tissues; it is undetectable by the participant. Impedance
is a function of two components, the resistance of tissues plus the reactance which is due to
the capacitance of cells. The measured impedance of body tissues provides an estimate of
total body water from which FFM and fat mass (FM) can be calculated 5,60).

Participants were measured in the standing position with limbs abducted. Current-supplying
electrodes were placed on the dorsal surfaces of the right hand and foot at the metacarpals and
metatarsals, respectively. Electrodes for the detection of the current were placed at the
pisiform prominence of the right wrist and between the medical and lateral malleoli of the
right ankle. The BIA analyzer (Model 101Q, RJL Systems, Clinton Township, NH, USA) was
attached to the electrodes and generated a current of 800 �LA at a signal frequency of 5kHz.
The instruments were calibrated every day prior to use.

The use of BIA for the estimation of body composition has been validated in our populations
using the deuterium oxide dilution method. A prediction equation has been developed for our
populations in Nigeria, Jamaica and the US 7).

2.2.3. Oral Glucose Tolerance Test

Each participant underwent an OGTT at both Baseline and Follow-Up. Blood was drawn with
the participant in the fasted state. An oral glucose load of 75g was administered. Blood was
then drawn again at 120-minutes post loading.
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Blood was separated into plasma and glucose concentration was measured using the gucose
oxidase method for both fasted and 2-hour blood samples.

Participants' glucose tolerance status was determined using the WHO standards (8): classified
as having normal glucose tolerance. if their fasting glucose concentration was <6.1 mmol/L
and their 2-hour glucose was <7.8 mmol/L classified as having impaired glucose tolerance if
their fasting glucose was >6. 1 and <7. 0 mmol/L or their 2-hour glucose concentration was >7.8
and <1 1 I mmol/L- classified as diabetic if their fasting glucose was >7.0 mmol/L or their 2-
hour glucose was A 1 I mmoJAL or a health professional had told them they had diabetes or
they were taking oral medications or insulin for diabetes.

2.3. Energy Expenditure

A subset of participants underwent measurement of REE and estimation of TEE and AEE
using a modified version of the 7-Day Activity Recall.

2.3. 1. Resting Energy Expenditure

REE was measured using respiratory gas exchange with an indirect calorimeter (DeltaTrac,
Sensor Medics, Anaheim, CA). All participants were asked to fast from 10 pm of the evening
prior to the clinic examination. Participants were positioned in a supine position on an
examination couch. Respiratory gases were collected via the closed circuit system for a
minimum of 30 minutes. 02 and C02 were continuously sampled during the procedure and
REE was calculated using the modified Weir equation 9).

The indirect calorimeter was calibrated with standard gases prior to each REE measurement.
Every two weeks an alcohol bum test was done to calibrate the flow rate of the gases through
the instrument. The within -person CV for this method is about 2 in our laboratory.

2.3.2. Total Energy Expenditure and Activity Expenditure

Each of the subset of participants for who REE was measured, TEE and AEE were estimated
using a modified version of the 7-Day Activity Recall (10). The participants were asked to
describe their activities of the previous week in detail, type of activity, frequency and
duration. Each activity was assigned a metabolic equivalent value MET), including sleep and
television watching (I 1). Daily TEE was calculated from the 7-Day Activity Recall. AEE was
calculated as the difference between TEE and REE. To adjust physical activity expenditure
for body size, AEE was expressed as both AE kg body weight and as physical activity level
(PAL) which represents the ratio of TEE / REE.

In a very small subset (N = I ) TEE and AEE were measured using the doubly labeled water
(DLW) method. This methodology is described in detail elsewhere 12,13) and the specifics
of this study are as well 2 Although the TEE and AEE as measured using DW was
completed three years prior to the measurement of TEE and AEE by questionnaire, a
comparison of the results is presented here.
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3. RESULTS

3.1. Characteristics of subjects

In Table I the characteristics for all 614 participants are presented for both the Baseline and
Follow-Up surveys. In Tables 2 and 3 the men's and women's characteristics are presented.
The sample consisted of 239 men and 375 women with the mean Baseline ages 49 and 47
years, respectively. As can be observed, the mean levels of all variables, except FFM,
increased significantly between the two surveys.

Tables 4 and 6 present the prevalences of glucose tolerance status and weight categories at
Baseline and Follow-Up. At Baseline 44% of the sample was normal weight, with 30% being
overweight and 26% obese- the proportion of the sample in the overweight and obese
categories increased at Follow-Up. There was significant sexual dimorphism exhibited in the
weight categories with a far greater percentage of women in the overweight 34%) and obese
categories 36%) than the men 24% and 10%, respectively).

There was not as large a difference between the sexes in the prevalences of the glucose
tolerance status. AT Baseline, 447 participants 73%) had normal glucose tolerance, while 97
(I 6%) had impaired (IGT) and 70 (I I%) were diabetic. There was a dramatic increase in IGT
at FoHow-Up, with over 29% of the participants exhibiting poor tolerance.

3.2. Energy Expenditure

Energy expenditure variables as measured at Follow-Up presented in Table 7 There are REE
and questionnaire data on a subset of 130 participants, 52 men and 78 women. As expected
due to larger body size, men have greater TEE, REE and AEE. In addition, men's AEE values
are higher than women's after adjustment for body size (AEE kg weight and PAL).

The cross-sectional energy expenditure data by category of glucose tolerance status at
Baseline are presented in Table 8, by glucose tolerance status at Follow-Up in Table 9 Based
on a non-parametric test for trends, AEE, whether expressed in absolute value kcal/d or
adjusted for body size kcal/kg weight/d or PAL) decreased significantly as glucose tolerance
status worsened for both timepoints.

In Figures I the relationship between TEE as measured by DW and by the 7-Day Activity
Recall is illustrated. There was a strong correlation (r--0.88) between the two measures even
though TEE by DLW was measured at Baseline and by questionnaire at Follow-Up. The same
type of association (r--0.73) existed between PAL as measured using DLW and PAL using the
questionnaire. These data suggest the 7-Day Activity Recall was able to rank this subset of
participants with regard to AEE.
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3.3. Correlations between Plasma Glucose Concentrations Anthropometrics

In Tables IO and II, Pearson correlation coefficients for the relationships between plasma
glucose concentration at fasting and 2-hour post OGTT and anthropometric variables are
presented for Baseline and Follow-Up, respectively. As can be observed, the most
consistently significant associations are seen between 2-hour glucose and the measurements
of adiposity, i.e. Weight, BNH, waist, hip, FM and % body fat, as well as age.

3.4. Evolution of Glucose Tolerance Status

In Table 12 the proportions of participants in each category of change of glucose tolerance
status are presented. Only those participants who were not diabetic at Baseline are included in
these data and in the following analyses (N = 528). As can be observed, the glucose tolerance
status of a significant proportion of participants got worse over the four years between
examinations. Over 23% of the sample went from normal glucose tolerance to IGT, while 4%
each progressed from normal to frank diabetic and IGT diabetic. Approximately 5% of the
participants saw their status improve from IGT to normal, due either to initial false positives
or real improvement.

3.5. Prediction of Worsening Glucose Tolerance Status

The data were dichotomized into those participants whose glucose tolerance status worsened
between Baseline and Follow-Up (included 'From Normal to Impaired', 'From Normal to
Diabetic', and 'From Impaired to Diabetic' categories from Table 12) and those participants
whose status either remained the same of improved (included 'Remained Normal', Remained
Impaired' and 'From Impaired to Normal' categories).

In Table 13 the Baseline anthropometric characteristics for participants in these two change
categories are presented. As can be observed, those participants whose glucose tolerance
status worsened had higher mean levels of all age and adiposity-associated variables. The
results for men are presented in Table 14 and exhibit the same pattern. For women, however,
only age was significantly different between the change categories (Table 15). When change
in anthropometrics was examined (e.g. A weight), only change in waist circumference was
significantly different between those male participants whose glucose tolerance status
changed, men whose status remained the same of improved showed a 28 cm A waist while
those whose status worsened showed a 43 cm A waist (p<0.005). No difference was observed
among the women.

The predictors of worsening glucose tolerance status are presented in Table 16 A sex
difference in prediction of worsening glucose tolerance status was observed. Using logistic
regression analysis, worsening status adjusted for age was used as the outcome variable and a
variety of independent variables were tested as predictors of change. As can be observed,
obesity, defined as BNE >30, was predictive of worsening glucose tolerance status for men but
not women. This same pattern was observed for overweight (defined as BMI >25), waist
circumference (cutpoint for elevated waist >94.0 cm for men and >80.0 cm for women), fat
mass and body fat (cutpoints were defined as the sex-specific means for this population).
Each of these anthropornetric and body composition variables was significantly predictive of
worsening glucose status among men, but not women, with odds ratios ranging from 24 to
2.6. The only measurement that. was predictive of worsening status among women was change
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in waist circumference when used as a continuous variable (Table 16). For both men and
women change in waist circumference between Baseline and Follow-up was predictive.

No energy expenditure variable was predictive of change in glucose tolerance status.

4. DISCUSSION

As evidenced from this position-based survey the prevalence of both IGT and frank diabetes
increased over a four year period in an urban Jamaican populations. Most anthropometric
measurements associated with adiposity, e.g., waist circumference and body fat, are
significantly associated with glucose concentrations and with change in glucose tolerance
status particularly among men. Most consistently waist circumference and change in waist
circumference predicted worsening glucose tolerance status. Physical activity as expressed
normalized for body size, i.e., AEE/kg weight or PAL, was significantly cross-sectionally
related to glucose tolerance status but at this time we lack the power to exhibit a longitudinal
relationship with change in tolerance status. The data provide significant support for the
development of an intervention based on increasing physical activity and decreasing adiposity
to stem the rapid rise in diabetes in Jamaica.
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TABLE :
Participant Characteristics§

(N 614, mean ± SD)

Baseline Follow-Up Changet
Age (y) 47.9 ± 13.6 51.9 ± 13.6 4.0 ± 06
Weight (kg) 72.9 ± 16.4 74.7 ± 16.7 1.8 ± 61
Body Mass Index 26.8 6.2 27.5 ± 63 0.7 ± 2.3

Waist Circumference (cm) 83.4 12.3 86.1 12.8 2.9 ± 61

Hip Circumference (cm) 101.7 12.2 102.9 12.6 1.2 ± 4.5
Fat-Free Mass kg)T 49.5 9.2 49.1 8.9 -0.4 4.2

Fat Mass (kg), 24.4 ± 11.9 25.6 12.4 1.3 5.0
% Body FatT 31.7 ± 10.8 33.0 ± 10.4 1.4 6.5
Fasting Plasma Glucose (mmol/L) 5.42 ± 195 5.79 ± 266 0.38 2.36

2-Hr Plasma Glucose (mmol/L) 6.91 ± 340 8.63 ± 455 1.72 3.44
�Includes diabetics
'For aii variables, Follow-Up different from Baseline, p<0.0001
N = 187 Baseline & N = 434 Follow-Up

TABLE2:
Participant Characteristics - Men§

(N 239, mean ± SD)

Baseline Follow-Up Changet
Age (y) 49.1 ± 13.9 53.0 ± 13.9 4.0 ± .5

-Weight (kg) 71.2 ± 13.1 72.3 ± 13.2 1.3 ± 53
-Body Mass Index 24.0 4.0 24.3 4.1 0.4 ± 19
Waist Circumference (cm) 81.6 11.5 84.1 11.8 2.6 56

-Hip Circumference (cm) 96.1 7.9 96.9 7.7 0.9 38
Fat-Free Mass kg)T 55.3 8.5 54.0 7.3 -1.3 4.7
Fat Mass (kg)l 17.2 8.6 18.1 8.9 0.9 2.7

% Body FatT 22.6 7.6 24.0 8.6 1.4 6.5
Fasting Plasma Glucose (mmol/L) 5.46 ± 212 5.87 ± 259 0.41 2.17
2-Hr Plasma Glucose (mmol/L) 6.49 ± 362 8.30 ± 457 1.81 3.00
�Includes diabetics
tFor all variables, Follow-Up different from Baseline, p<0.005

69 Baseline N = 167 Follow-Up
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TABLE3:
Participant Characteristics - Women§

(N 375, mean ± SD)

Baseline Follow-up Changet
Age (y) 47.2 ± 13.3 51.2 ± 13.4 4.0 ± 07

Weight (kg) 74.0 ± 18.2 76.3 ± 8.5 2.2 ± 66
Body Mass Index 28.6 6.6 29.5 ± 616 0. ± 25
Waist Circumference (cm) 84.5 12.6 87.4 ± 13.2 3.0 ± 64
Hip Circumference (cm) 105.3 13.1 106.7 ± 13.6 1.4 ± .0
Fat-Free Mass (kg)' 46.1 7.8 45.8 ± 84 -0.4 4.2
Fat Mass (kg)' 28.7 11.6 30.4 12.0 1.7 5.0
% Body FatT 37.1 8.5 38.5 7.0 1.4 6.5

Fasting Plasma Glucose (mmol/L) 5.40 ± 183 5.75 2.71 0.36 2.47
2-Hr Plasma Glucose (mmol/L) 7.18 ± 323 8.84 4.53 1.66 3.69
�Includes diabetics
lFor all variables, Follow-Up different from Baseline, p<0.01
IN = I I Baseline N = 267 Follow-Up
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TABLE 4:
Weight Glucose Tolerance Classification at Baseline Follow-Up

(N = 614; %)

Baseline Follow-Up
Normal Weight (BNU<25) 43.5 37.6

-Overweight (BNH 25.1 - 29.9) 30.4 33.1
Obese (BMI >30 26.1 29.3
Normal Glucose Tolerance§ 72.8 53.3
Impaired Glucose Tolerance 15.8 29.3
Diabetic 11.4 17.4
�V�HO classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose,<7.8mmol/L-impairedglucosetolerance=fastin gIucose>6.1&,7.Oinmol/Lor2-

I 9
hr glucose >7.8 <I 1 I inmol/L; diabetic = fasting glucose >7. 0 mmol/L or 2-hr glucose
>I 1 I minol/L or told by health professional were diabetic.

TABLE :
Weight Glucose Tolerance Classification at Baseline Follow-Up

Men (N = 239; %)

Baseline Follow-Up
Normal Weight (Blvfl�-25) 65.3 59.4
Overweight (BNH 25.1 - 29.9) 24.3 31.8
Obese (BNfl >30 10.4 8.8
Normal Glucose Tolerance§ 75.7 57.3
Impaired Glucose Tolerance 14.2 26.8
Diabetic 10.1 15.9
§VVHO classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose, <7.8 mmol/L; impaired glucose tolerance = fasting glucose >6.1 &,7.0 mmol/L or 2-
hr glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose
>I 1 I mmol/L or told by health professional were diabetic.

TABLE 6:
Weight & Glucose Tolerance Classification at Baseline Follow-Up

Women (N = 375; %)

Baseline Follow-Up
Normal Weight (BNU<25) 29.6 23.7
Overweight (BNfl 25.1 -_ 99) 34.4 33.9
Obese (BM >30 36.0 42.4
Normal Glucose Tolerance§ 70.9 50.7
Impaired Glucose Tolerance 16.8 20.9
Diabetic 12.3 18.4 777]
��O classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose, <7.8 mmol/L; impaired glucose tolerance = fasting glucose >6.1 &,7.0 inmol/L or 2-
hr glucose >7.8 <1 1 I mmoIAL; diabetic = fasting glucose >7.0 mmol[L or 2-hr glucose

1 I mmol/L or told by health professional were diabetic.
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TABLE T
Energy Expenditure at Follow-Up§

(mean ± SD)

Men Women Total
(N = 52) (N = 78) (N = 130)

Total daily expenditure (kcal/d) 2275 ±520 1980 ± 475 2100 ± 15
Resting expenditure kcal/d) 1435 220 1310 ± 235 1365 ± 240
Activity expenditure kcal/d) 860 385 690 ± 305 760 350
Activity expenditure kcal/kg/d) 12.0 5.2 9.2 ± 37 10.3 4.6
Physical activity level (TDEE/REE) 1.60 0.23 1.53 ± 019 1.56 0.21
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall

TABLE :
Energy Expenditure at Follow-Up§ t

By Baseline Glucose Tolerance Classification
(N 130; mean ± SD)

Normal Impaired Diabetic p
Glucose Glucose (N = 8)

Tolerance Tolerance
(N 88) (N = 24)

Total daily expenditure kcal/d) 2175 ± 15 1870 ± 420 2035 ±540 .05
Resting expenditure (kcaVd) 1370 ± 220 1290 ± 245 1420 ± 285 .86
Adjusted REETT(kcal/d) 1350 ± 15 1380 ± 10 1415 ± 160 .10
Activity expenditure kcal/d) 820 360 615 ± 250 655 ± 335 .01
Activity expenditure kcal/kg/d) 11.0 4.8 9.2 ± 35 8.4 ± 41 .01

Physical activity level (TDEE/REE) 1.60 0.22 1.49 ± 014 1.46 ± 019 .01
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall.
�VVHO classification: normal glucose tolerance = fasting glucose <6.1 mmol/L or 2-hr glucose
<7.8 mmoIAL- impaired glucose tolerance = fasting glucose >6.1 <7.0 mmol/L or 2-hr
glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose >1 1 I
mmol/L or told by health professional were diabetic.
Non-parametric test for trends across ordered groups.
*:REE adjusted for FFM FM, age and sex.
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TABLE 9 §
Energy Expenditure at Follow-Up

By Follow-Up Glucose Tolerance Classificationt
(N 130; mean ± SD)

Normal Impaired Diabetic p
Glucose Glucose (N = 29)

Tolerance Tolerance
(N = 8) (N = 43)

Total daily expenditure (kcal/d) 2165 ± 50 2080 ±470 2005 ±505 .17
Resting expenditure kcal/d) 1365 ± 235 1345 ± 205 1390 ± 285 .81
Adjusted REEIT(kcal/d) 1350 ± 120 1365 ± 15 1400 ± 140 .25
Activity expenditure kcal/d) 815 380 740 330 665 ± 300 .04
Activity expenditure kcal/kg/d) 11.2 5.1 10.0 4.3 8.8 ± 34 .02
Physical activity level (TDEE/REE) 1.59 0.22 1.55 0.21 1.49 ± 017 .02
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall.
�VVHO classification: normal glucose tolerance = fasting glucose <6.1 rnmol/L or 2-hr glucose
<7.8 mmol/L impaired glucose tolerance = fasting glucose >6.1 <7.0 mmol/L or 2-hr
glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose >1 1 I
mmol/L or told by health professional were diabetic.
Non-parametric test for trends across ordered groups.
UREE adjusted for FFM FM, age and sex.
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FIG 1: The relationship between total energy expenditure (TEE) as measured using the doubly labeled

water at Baseline and TEE by the 7-Day Activity Recall administered at Follow-Up. There is a strong

correlation between the measures (r 0. 88) suggesting that the questionnaire may be good in ranking

TEE in this population.
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FIG 2: The relationship between physical activity level (PAL) as measured using the doubly labeled

water at Baseline and PAL by the 7-Day Activity Recall administered at Follow- Up. There is a strong

correlation between the measures ( = 0. 73) suggesting that the questionnaire may be good in ranking

PAL in this population.

118



TABLE 10:

Associations between Baseline Participant Characteristics Glucose Concentrations
Participants with Normal Glucose Tolerance at Baseline

Correlation Coefficient; Significance; N

Age Height Weight BMI Waist Hip Fat- Fat %
Free Mass Body

Mass Fat
Fasting 0.160 0.035 0.086 0.065 0.130 0.067 0.018 0.088 0.088
Glucose .001 .20 .002 .02 .001 .014 .65 0.03 .029

1322 1339 1340 1337 1341 1341 623 623 623
2-Hr 0.136 -0.208 0.085 0.175 0.157 0.157 -0.113 0.229 0.261

Glucose .001 .001 .002 .001 .001 .001 .005 .001 .001
1320 1339 1338 1335 1339 1341 624 624 624

Men
Fasting 0.096 0.039 0.127 0.113 0.155 0.113 0.070 0.133 0.119
Glucose .03 .36 .003 .01 .001 .01 .27 .04 .06

546 559 557 557 559 559 248 248 248
2-Hr 0.217 -0.130 0.066 0.128 0.168 0.093 -0.046 0.167 0.171

Glucose .001 .002 .12 .002 .001 .03 .47 .01 .01
544 557 555 557 557 557 247 247 247

Women
Fasting 0.212 -0.024 0.068 0.077 0.122 0.083 -0.001 0.070 0.084
Glucose .001 .50 .06 .03 .001 .02 .98 .175 .10

776 779 782 779 781 781 374 374 374
2-Hr 0.090 -0.105 0.085 0.123 0.130 0.105 0.013 0.150 0.176

Glucose .01 .003 .02 .001 .001 .003 .80 .003 .001
776 779 782 779 781 1 781 376 376 376
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TABLE I :

Associations between Follow-Up Participant Characteristics Glucose Concentrations
Participants with Normal Glucose Tolerance at Follow-Up

Correlation Coefficient; Significance; N

Fat- Fat %
Age Height Weight BMI Waist Hip Free Mass Body

Mass Fat
Fasting 0.086 -0.017 0.044 0.052 0.057 0.040 -0.060 0.062 0.088
Glucose .06 .71 .34 .27 .22 .39 .27 0.25 .029

468 471 470 468 474 474 345 1 345 623
2-Hr 0.227 -0.099 0.142 0.190 0.050 0.159 -0.061 0.179 0.214

Glucose .001 .05 .005 .001 .33 .002 .32 .003 .001
382 385 386 1 384 387 387 269 269 269

Men
Fasting 0.074 0.058 0.221 0.269 0.144 0.029 0.038 0.226 0.218
Glucose .31 .43 .002 .001 .05 .69 .65 .01 .01

191 194 193 193 195 195 140 1 140 140
2-Hr 0.247 -0.091 0.291 0.367 0.121 0.274 0.065 0.274 0.252

Glucose .002 .25 .001 .001 .13 .001 .50 .003 .01
156 160 160 160 160 160 112 112 112

Women I
Fasting 0.100 0.012 0.001 -0.002 0.034 0.028 -0.053 0.006 0.044
Glucose .10 .85 .99 .97 .57 .648 .45 .93 .53

275 275 275 273 277 277 204 1 204 204
2-Hr 0.238 -0.040 0.057 0.082 0.007 0.086 -0.012 0.060 0.102

Glucose .01 .55 .40 .23 .918 .20 .88 .454 .21
224 223 224 222 225 225 156 156 156_

TABLE 12:
Change in Glucose Tolerance Status from Baseline to Follow-Up

Participants Non-Diabetic at Baseline %; N)

Glucose Tolerance Status from Men Women Total
Baseline to Follow-Up (N = 213) (N = 315) (N = 528)
Remained Normal 58.0% 123) 53.8% 170) 55.5% 293)
Remained Impaired 5.7% 12) 9.4% 30) 8.0% 42)
From Impaired to Normal 5.2% (11) 5.1% 16) 5.1% 27)
From Normal to Impaired 24.6% 21) 23.1% 73) 23.5% 124)
From Normal to Frank Diabetic 2.8% 6 4.8% (15) 4.0% 21)
From Impaired to Frank Diabetic 5.2% 9) 3.8% 12) 4.0% 21)

120



TABLE 13:
Baseline Anthropometrics by Change in Glucose Tolerance Status*

(N = 528; mean ± SD)

Remained Same or Worsened

Improved (N = 165) p
(N = 363)

Age (y) 44.8 ± 13.5 51.3 ± 12.7 .0001
Weight (kg) 70.7 ± 5.8 74.4 ± 15.9 .01
BNH 25.8 6.0 27.4 5.5 .01

Waist (cm) 80.9 11.8 85.0 12.2 .0005
Hip (cm) 100.2 11.9 103.0 11.9 .02
Fat Mass (kg) 22.2 12.1 26.5 12.8 .04

% Body Fat 29.6 11.1 33.4 10.7 .04
*Does not include participants diabetic at Baseline.

TABLE 14:
Baseline Anthropometrics by Change in Glucose Tolerance Status - Men*

(N = 213; mean ± SD)

Remained Same or Worsened

Improved (N 65) p
(N = 148)

Age (y) 45.6 ± 14.4 54.5 10.9 .0001
Weight (kg) 68.4 ± 12.0 74.7 12.9 .001
BNE 23.0 3.6 25.4 4.1 .001
Waist (cm) 78.2 10.2 86.3 11.4 .0001
Hip (cm) 94.4 7.2 98.6 7.9 .001
Fat Mass (kg) 14.3 7.8 20.1 8.6 .01
% Body Fat 20.1 7.2 25.3 7.5 .01
*Does not include participants diabetic at Baseline.

TABLE 15:
Baseline Anthropometrics by Change in Glucose Tolerance Status - Women*

(N = 315; mean ± SD)
Remained Same or Worsened

Improved (N = 00) p
(N = 215)

Age (y) 44.3 ± 12.8 49.4 ± 13.5 .002
Weight (kg) 72.2 ± 17.8 74.2 ± 1766 ns
BNH 27.7 6.5 28.8 6.5 ns

Waist (cm) 82.7 12.5 84.2 11.7 ns
Hip (cm) 104.1 13.2 106.0 13.1 ns

Fat Mass (kg) 27.2 ± 11.77 30.1 13.5 ns
% Body Fat 35.6 ± 87 38.0 9 .6 ns
*Does not include participants diabetic at Baseline.
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TABLE 16:
Predictors of Worsening Glucose Tolerance Status -

Results of Logistic Regression Analysis
Adjusted for Age*

Odds Ratio 95% Confidence p
Interval

Obesity
Men (N = 213) 2.7 1.1 - 71 .04
Women (N = 315) 1.1 0.7 - 19 .66
Overweight
Men (N = 213) 3.5 1.9 - 65 .0001
Women (N = 315) 1.5 0.9 - 25 .12
Waist Circumference
Men (N = 213) 4.6 2.0 - 10.4 .0002
Women (N = 315) 1.4 0.9 - 23 .14
Fat Mass
Men (N = 213) 3.7 1.8 - 78 .0002
Women (N = 315) 1.2 0.7 - 21 .49
% Body Fat
Men (N = 213) 2.4 1.2 - .1 .01
Women (N = 315) 1.6 0.9 - 28 .13
Change in Waist Circumference
(Continuous variable)
Men (N = 213) 1.10 1.03 - 117 04
Women (N = 315) 1.05 1.00 - .09 .04
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