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A.
Specific Aims

An increase in body fat stores represents one of the best described risk factors for cardiovascular disease (CVD).  The principal metabolic consequences of obesity include increases in blood pressure (BP), atherogenic lipids and insulin resistance.  Epidemiologic research focuses primarily on weight-for-height measures as the indicator variable for obesity and has generally taken for granted the assumption that excess adipose tissue is directly related to CV risk.  However, obesity is a complex syndrome that summarizes correlated exposures from several discrete domains and in turn results in hormonal and metabolic consequences that vary widely among individuals.  Improvements in survey methods and the discovery of new obesity-related hormones now make it possible to dissect this syndrome into some of the component parts that have a direct causal role.  

The premise of this grant is that emphasis on the physical quantity of adipose tissue deflects attention from the underlying mechanisms relating obesity to CV risk.  To be specific, we have evidence that fat mass (FM) is not independently associated with increased BP, but is confounded by the association with resting energy expenditure (1).  The body mass index -BP relationship is further confounded by physical activity when sophisticated measurement techniques are used (2).  In addition to confounding by these correlated exposures, the consequences of the lifestyle pattern associated with obesity may be mediated by hormonal pathways that are independent of FM. In terms of glucose intolerance, recent published data suggest that adiponectin, a hormone linked to changes in body composition, is a predictor of diabetes risk independent of obesity (3, 4).  We propose to try to confirm and extend these findings and examine whether similar confounding occurs more broadly in the obesity syndrome.  

Hypothesis:
The impact of obesity on BP and glucose intolerance is not mediated by FM, but by other correlated – yet independent - lifestyle and metabolic factors.
To test this hypothesis, the Specific Aims of this proposal are:

1.
Quantify the impact of resting and activity energy expenditure, sodium intake, low physical activity and obesity hormones on BP and glucose intolerance.   

2.
Define the pathways of these effects and determine whether they are independent of the degree of adiposity. 

To meet these aims, we will conduct two separate epidemiologic studies:

1.
An intensive cross-sectional characterization of the full range of obesity risk factors and hormones in 400 persons in Nigeria and 400 in Chicago, including 2 sets of measurements within 1 year.  

2.
A prospective study in Jamaica, examining 2,000 participants followed over an average 5-year interval. 

The proposed research could potentially have wide public health significance.  A change in focus from obesity as high body fat levels, per se, to the primary causes would have substantial implications for the strategy to combat the growing epidemic of obesity-related CV risk.  Interventions that focus exclusively on weight control may not effectively prevent the sequelae of the lifestyle pattern manifested as obesity.

B.
Background and Significance

B.1
Obesity and CV Disease


The impact of obesity on risk of hypertension, diabetes and hypercholesterolemia are sufficiently well known that they need not be described in detail here.  Intense public and professional interest has now been focused on the world-wide emergence of the “obesity epidemic” (5).   The prevalence of obesity in the US currently approaches 31% in adults, and children are increasingly affected (6). Obesity, defined at a cutpoint of BMI > 30, accounts for 10% of the attributable risk for hypertension, while overweight + obesity (BMI > 25), accounts for 27% of cases (7).  For diabetes, the attributable risk is substantially larger – ie, 60% (8).  

A monotonic, upward risk function has been described between adiposity and BP, atherogenic lipids and glucose intolerance (7,8).  While some evidence suggests a lower threshold below which the relationship is flat, at least for BP, the risk relationship generally follows an upward slope from the lowest values of body mass index (BMI) in both lean and obese populations (9).  On the other hand, substantial debate has taken place over the years as to whether the risk relationship between obesity and all cause mortality is monotonic upward or “U”-shaped (10, 11).  Since our focus is exclusively on diabetes and CV risk, however, we can be confident in the assumption that increases in adiposity are associated with risk across the entire distribution. 

B.2
What is obesity?


For pragmatic reasons obesity has been defined as a specific level of weight-for-height.  BMI (wt/h2, kg/m2) has become the most widely accepted measure.  While we and others have shown that the exponent 2 does not eliminate the influence of height in all populations (12), BMI nonetheless is a robust measure in the epidemiologic setting.  Within populations that share relatively similar environmental conditions variation in BMI is driven overwhelmingly by variation in FM (eg, ‘r’ = 0.80-0.85).  Between populations with contrasting social environments, however, BMI can be a biased measure of adiposity.  Thus, a BMI of 25 represents a body fat level of 16% among Nigerian men and over 25% among African-American men (13). Many additional direct methods have been proposed as better ways to characterize obesity, including CT, DEXA, deuterium and bioelectrical impedance analysis (BIA).  The common purpose of all these techniques is to image or measure the volume or mass of fat (14).  In fact, each of them suffers from unique weaknesses and there is little evidence from population surveys that any one among them has important advantages (14).  It is possible that more direct measurements of FM have no advantage over proxies precisely because FM is not the parameter that influences disease risk.  


Accepting that the measurement process defines obesity as the degree of adiposity, the biological significance of the underlying concept is extremely complicated.  First, the way we understand obesity is strongly influenced by cultural norms, both cosmetic and health-related.  Second, BMI is measured with ease and precision while the contributing “up stream” factors are in some cases difficult to measure and subject to great error. Third, because of colinearity at the individual level the potential causal pathways are difficult to specify.  In addition to its role as the mathematical definition of obesity, FM therefore absorbs the conceptual meaning given to obesity.  

A crucial premise of this research project is the need to re-think from a mechanistic perspective how obesity is linked to CV risk factors.  We argue that obesity should be conceptualized as a complex syndrome, with many “up stream” causes and an equal variety of “down stream” consequences.  Specific “up stream” factors may be related to the specific consequences independent of any influence of FM, per se (Figure 1).  Identifying these pathways could have important implications for etiologic and physiologic research, as well as prevention. 

Figure 1
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B.3
Correlates of obesity as causes of hypertension


After age, BMI is the most consistent epidemiologic predictor of variation in BP that has been identified.  For example, our analysis in 8 separate, diverse population samples demonstrated that the relative risk for hypertension associated with obesity stabilizes around 1.7 (15).  For many years, however, it has been recognized that the BMI-BP relationship is potentially confounded by other factors, including the increased intake of sodium (Na) (16, 17).  For example, the 3-way correlations among BMI-BP-Na are all in the range 0.10-0.20, depending on the precision of the Na measurement (17).  A multivariate model can variously show that Na has no effect, independent of BMI, or vice-versa.  


In addition to dietary intake, a second important correlate of both obesity and BP is energy expenditure.  Expenditure of energy in physical activity has a negative correlation with BP and adiposity in both cross-sectional surveys and trials (18).  Meta-analyses examining the effects of exercise on BP have uniformly concluded that physical activity significantly decreases SBP and DBP, regardless of the population groups or the type of exercise (19-21).  We propose to partial out the inter-relationship of low physical activity on BP when it occurs as part of the obesity syndrome.  In addition, we have now identified an important new relationship between resting energy expenditure (REE) and BP which we present here as an illustrative example of the new knowledge that could be derived from this project.   


REE is determined primarily by fat-free mass (FFM).  While FM is relatively inert metabolically, the added weight from adipose tissues leads to obligatory hypertrophy of the large muscle groups in the back and lower extremities.  Thus, the correlation between BMI and REE is strongly positive (‘r’ ~ 0.5).  In two large, independent population samples we have recently found that REE is also a strong predictor of BP (cf. Appendix paper 1).  Thus, in multivariate models adjusting for age, gender and measures of body size, including percent body fat, FM and FFM or BMI, REE has a highly significant relationship with BP, while none of the body size measures retain statistical significance.  In a third sample the same findings emerged, even after controlling for the negative association of physical activity when measured directly with doubly labeled water (DLW) (1).  This effect is not a result of “obesity hypertension” since it occurs among lean individuals in the U.S. and in the entirely lean population of Nigeria.  

Because this conclusion appears to run contrary to the standard pathophysiologic models we want to spell out the implications with particular care.  Our findings on the relationship between REE and BP, described in greater detail in the accompanying manuscript and in Section C, lead to the following rather novel two-part conclusion:  At comparable levels of BMI, higher REE is associated with higher BP.  Increases in adipose tissue lead to a parallel increase in REE that is in turn associated with higher BP.  We therefore hypothesize that REE must be a proxy for some third factor, like higher sympathetic tone or increased rates of ion exchange, which is causally related to hypertension.  In classical epidemiologic terms, in the obesity-BP relationship, FM is confounded by REE, which constitutes the true mechanistic link.  In effect, studying obesity as a risk factor for elevated BP has only led to the recognition of the effect of REE, which appears to be equally strong across the whole range of adiposity.  

What are the likely mechanistic explanations?  Thyroid hormone has large effects on REE and BP, but cannot mediate the effect observed here in euthyroid individuals.  The most obvious candidate involves the sympathetic nervous system (SNS)(22).  Excess calorie intake is an important stimulus to the SNS, and marked depression of REE is seen in prolonged fasting (23).  An established hypothesis in hypertension research links increased SNS activity to increased cardiac output, heart rate and Na reabsoption (24).  As formulated by Landsberg, insulin resistance and leptin activate the SNS as a “defense” against obesity, with the unintended consequence of elevating BP (25).  Measurement of SNS activity is challenging and plasma catecholamine levels are too variable to provide a measure of overall SNS drive.  Increased 24-hour norepinephrine excretion, however, has been shown to link obesity and hypertension (26), and direct measurement of sympathetic nerve traffic in the leg confirms the correlation of SNS activity with obesity (27).  Variation in Na intake alters SNS activity (28), and increased SNS tone in turn enhances Na reabsorption in the kidney (29).  Despite this mechanistic evidence we acknowledge that many aspects of the relationship between the SNS and BP are inconsistent; this may be in part a result of the inherent measurement difficulties with nerve traffic and catecholamines.  If REE provides a better estimate of “total body SNS activity”, our approach may have substantial advantages.  

We would like to be clear, however, that this proposal does not include a direct test of the mechanistic explanation of the REE-BP link at this point.  Instead we are arguing that the observation in the preliminary data is novel and potentially important, justifying further research to confirm this finding and investigate its significance more carefully.  A mechanistic test of the SNS hypothesis, for example, requires complicated measurements of nerve traffic that cannot be conducted in a field setting.  More evidence is needed to justify those intensive studies.   

The primary challenge to the hypothesis put forward above is residual confounding from body composition measurement.  Thus, body composition could be confounding the REE-BP relationship, rather than the other way round.  To date, we have used BIA in these studies and we fully acknowledge that it is not a perfect tool.  In the proposed new research we will use deuterium dilution, which provides a direct and more accurate measure of body composition.  

B.4
Correlates of obesity and diabetes


The risk function relating obesity to diabetes is substantially steeper than for hypertension, and the attributable risk is correspondingly higher – perhaps as high as 60% in the US (8).  On the one hand, complex physiologic models have been proposed that give priority to the accumulation of adipose tissue, invoking chronic inflammation and oxidative stress as the cause of “islet cell failure” (30).  At the same time, the insulin-sensitizing role of activity and physical training has been shown to have an independent protective role (8, 31, 32).  The challenge in designing a valid test of these competing hypotheses is the need to examine the separate effects of activity and adiposity.  Questionnaire data generally accounts for only 10% of the variation in activity energy expenditure (EE) when compared to objective measures (33).  Using doubly labeled water (DLW) we have recently demonstrated a correlation of -0.7 between activity EE and percent body fat (34).  More reliable measurement of activity EE could well explain a larger proportion of the risk of diabetes associated with obesity as well.  

DLW is too expensive for large sample sizes, however, and characterizing physical activity among individuals is therefore still difficult.  An alternative design is available to test the determining role of FM.  Cross-cultural comparisons can make use of average population effects which have much greater statistical power.  We have previously shown that at equivalent levels of BMI, percent body fat is much lower in populations in non-mechanized societies, presumably reflecting patterns of activity (35).  In this project we propose to test whether insulin sensitivity/glucose intolerance is the same at constant levels of percent body fat in Nigerians and US blacks.  We will use deuterium dilution to measure body composition  -  an inexpensive and reliable direct method - in both settings.  While we recognize that if differences are found, they could be the result of factors in the environment other than activity EE.   Nonetheless, strong evidence that at comparable levels of adiposity insulin sensitivity is greater in Nigeria would demonstrate that FM, per se, is not the determining factor and support continued efforts to refine our understanding of the causal mechanisms.  To complement the cross-group comparisons we will also measure levels of physical activity among the individual participants in each site.  We have now modified a recall questionnaire and have demonstrated high validity in relation to stable isotopes (cf. Section C.4).  In addition, in the first year we will validate a new generation of motion sensors and use these in combination with the questionnaire data.  

A second independent line of research will be also pursued.  A variety of circulating hormones have now been identified that either regulate body fat stores or mediate the physiologic consequences of obesity, including leptin, TNF-alpha, and angiotensinogen.  In the past attention has been given primarily to insulin and the implications of insulin resistance.  Adiponectin, a 244-amino acid protein derived only from adipose tissue, has now been shown to modulate insulin sensitivity (36).  Paradoxically, adiponectin declines as percent body fat increases, although they are correlated only modestly (r ~ -.20 to - .25; cf. Section C.3). Two cohort studies have now demonstrated that the risk of incident diabetes is related to baseline adiponectin level, independent of obesity (3, 4).  Among the Pima Indians, for example, even after matching for BMI, the incident risk ratio was 0.6 (p = .02)(4).  Given the low correlation between BMI and adiponectin, other factors must exert an important influence on inter-individual variation in the circulating levels.  Adiponectin therefore becomes an important intermediate marker of lifestyle and genetic factors that aggregate in the obese and confer risk of diabetes.  Prime candidates include energy expenditure, food composition and physical activity.  At the present time very little is known about the interaction with other obesity-related hormones, such as leptin and insulin, and the time course of change with weight gain and the onset of glucose intolerance.  

We propose to define the role of this hormonal environment that appears to link obesity and glucose intolerance in both cross-sectional and longitudinal settings.  We will use the proposed surveys in Nigeria and Chicago for the cross-sectional analyses.  Recognizing the necessity for prospective assessment of diabetes risk as well, we will use an on-going cohort study of 2,000 individuals in Kingston, Jamaica.  Members of this cohort have undergone glucose tolerance testing at baseline and at a mean follow up of 4 years and serum samples are stored at – 80o.  

B.5
Research strategy

A general comment on the proposed research strategy is in order.  First, our broad hypothesis that FM is a proxy or an “innocent bystander” represents an organizing principle that serves to orient the project to a new perspective on the arrangement of causal factors.  We presented the main components of our redesigned concept of the matrix of relationships linking obesity to CV risk in Figure 1.  The direct lines from the 2 main exposure variables being studied – REE and physical activity – influence the hormonal environment that in turn influences CV risk. We will test the strength and independence of the relationships in this matrix.  We recognize that the primary null hypothesis may not apply to the same degree to all of the pathways we propose to study.  In each instance we will test the extent to which specific mechanisms appear to have a mechanistic role independent from FM itself.  Thus, given that adiponectin is produced exclusively by adipose tissue it is likely that alterations in total body fat stores will be an important stimulus that controls circulating levels.  On the other hand, the level of fat stores could be a minor, in fact secondary, aspect of the control mechanism for adiponectin. 

Second, we will depend on several strategies to help sort out the relevant pathways.  We will use within-person correlations in surveys, cross-cultural comparisons and a prospective cohort study.  While randomized trials provide a robust strategy to separate these correlated effects, they would be difficult to conduct in this setting and are perhaps premature.  Surveys in free-living individuals have the additional advantage of summarizing long-term effects.  Many of the weaknesses of survey studies relate to the homogeneity of exposure among participants.  Our cross-national research design includes communities that range from a virtual absence of obesity to those that are at high risk. These contrasts enhance the ability to disentangle some of these relationships.  For example, angiotensinogen (AGT), which is also produced in adipose tissue, appeared to be only very weakly correlated with percent body fat in samples from the industrialized societies.  An international comparison, on the other hand, demonstrated almost 2-fold variation in AGT that was highly correlated with levels of obesity (‘r’ = 0.8)(37).  While confounding (ie, the “ecologic fallacy”) is always a threat to the validity of cross-cultural analyses, carefully designed studies based on specific, well supported prior hypotheses can be uniquely informative.  The CV literature, both in the area of atherosclerosis and hypertension, was greatly aided by cross-cultural research when etiologic processes were first being understood.  The availability of strong intermediate markers, such as serum cholesterol, greatly enhanced the validity of these analyses.  Given the emergence of new knowledge on the pathophysiology of obesity and the related intermediate pathways the opportunity now arises to apply that strategy to the rapidly emerging threat of obesity

C.
Preliminary Studies 


The preliminary studies that support this application were developed as part of a long-term research project examining hypertension and obesity in populations of the African diaspora.  Beginning in 1991, a series of cross-sectional surveys, prospective cohorts, randomized trials and family studies have been organized primarily in communities in southwestern Nigeria, Kingston, Jamaica and metropolitan Chicago.  Studies of both environmental risk factors and genetic epidemiology have been included.  In each regional site we sample from stable residential communities (Nigeria: Ibadan and Igbo-Ora; Jamaica: Spanish Town [suburban Kingston]; United States: Maywood/Chicago).  


Current research on risk factors for obesity involves an examination of the role of energy expenditure, both REE and activity EE, on risk of weight gain among women in Nigeria and the US (38).  In a family study the genetic factors predisposing to obesity are being examined (40-42).  A parallel study on hypertension also includes an examination of both environmental and genetic factors (39-42).  The collaboration between Loyola and the University of Ibadan and the University of the West Indies has been stable for over 10 years and has led to a series of new observations in this field (40, 43-45).  

C.1
Obesity and hypertension

We were previously funded to examine the relative importance of FFM vs FM as a predictor of BP.  If adiposity is in fact the key factor associated with risk of hypertension, isolating that body compartment should enhance the precision with which the relationship is modeled.   Despite a large sample size, in analyses using BIA to assess body composition (N = 1450) and direct measurement with deuterium in a smaller sample (N = 80), we could not detect any significant difference in the relationship of BP with the various measures of body composition, eg, SBP vs BMI ~ 0.20, vs FM ~ 0.15, vs % body fat ~ 0.19 in African-American women. The impact of leptin was likewise no stronger than for BMI itself.  The full range of adiposity was included in these studies since large numbers of individuals in Nigeria have a BMI < 20 and in the US the mean BMI was 30 among women; the corresponding range of percent body fat was from barely detectable levels (ie, < 3%) to 50%. These analyses suggested to us that if hormone secretion or other actions of fat cells were the active process these effects were unrelated to the relative mass of fat cells.  Either FM is not the primary determinant or other modifying factors must play an important role. 

Body size is also the primary determinant of energy expenditure and we therefore examined the joint relationship of energy expenditure and body size to BP to identify potential confounding.  REE was measured using respiratory gas exchange in population-based samples of 997 Nigerians and 452 African Americans.  In a third sample of 118 individuals non-resting EE (ie, physical activity) was measured with stable isotopes, in addition to REE.  The univariate correlation between REE and BP ranged from 0.10 to 0.22 in the three samples (p < 0.001).  In multivariate models adiposity, whether defined by body mass, FM and FFM, or leptin, was no longer associated with BP, while REE remained highly significant (p < 0.001).  (Extensive simulations with stepwise models and multiple forms of adjustment further demonstrated the stability this relationship.  For example, in 1,000 runs using a “sampling with replacement” simulation and forward stepwise selection models REE was selected in 100% of instances, along with only age.)

The odds ratio for hypertension among persons in the highest quartile vs. the lowest quartile of REE, after adjustment for body size, was 1.7.  Contrariwise, BP in the upper quartile of REE adjusted for age and BMI was 124, compared to 112 in the bottom quartile.  This relationship was not the result of hypertension among the obese since it did not vary across the range of BMI and was the same in the lean Nigerians as the obese Americans (Figure 2).  
Table 1.  β- Coefficients for the Relation between Systolic Blood Pressure 

and REE, Adjusted for Body Size or Composition, Age, Sex and Site (p-value)

	Site
	N
	Intercept
	β 1

(REE)
	β 1

(BMI)
	β 3

(FFM)
	β 4
(FM)
	β 5
(Age)
	R2

	Nigeria
	996
	47.3

(0.001)
	0.028

(0.001)
	0.16

(ns)
	-
	-
	0.58

(0.001)
	0.22

	U.S.
	452
	59.6

(0.001)
	0.020

(0.001)
	-0.09

(ns)
	-
	-
	0.75

(0.001)
	0.29

	Combined
	1448
	55.9

(0.001)
	0.024

(0.001)
	0.02

(ns)
	-
	-
	0.60

(0.001)
	0.23

	Nigeria
	992
	55.5

(0.001)
	0.034

(0.001)
	-
	-0.31

(0.05)
	0.15

(ns)
	0.59

(0.001)
	0.23

	U.S.
	415
	51.9

(0.001)
	0.019

(0.001)
	-
	0.16

(ns)
	-0.10

(ns)
	0.76

(0.001)
	0.30

	Combined
	1407
	58.9

(0.001)
	0.027 (0.001)
	-
	-0.17

(ns)
	0.04

(ns)
	0.60

(0.001)
	0.23
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The REE-BP association also persisted after adjustment for physical activity measured with doubly labeled water in the smaller sample.  These data demonstrate that metabolic processes represented by REE “mediate” the effect of body size on BP.  In other words, REE is “on the pathway” that connects metabolic factors with inter-individual risk of hypertension.  As suggested previously, we do not have a straightforward explanation of this finding.  However, the inter-relationship of REE with sympathetic tone, transmembrane ion exchange or other metabolic processes that determine energy costs at rest provide physiologic hypotheses.

Measurement of gas exchange also provides information on the “respiratory quotient” (RQ), or the ratio of O2:CO2, which in turn reflects the composition of the fuel that is being burned for calories.  Thus, a low RQ (~0.75-.80) reflects the fasting state, when fat is preferentially burned.  An RQ close to 1.0 is seen postprandially, when glucose is available.  In turn RQ also reflects underlying metabolic processes like insulin sensitivity (25).  An association of RQ with BP was seen in our preliminary survey data, although only among men in the US (p = .035).  We will evaluate the potential significance of this finding in the new survey.  


Calorie intake is highly correlated with body size; assuming the electrolyte composition of food eaten by the obese and the non-obese is similar, the obese must consume substantially larger amounts of sodium.  We have recently completed a survey involving a total of 2,000 individuals in Nigeria, Jamaica and the US on whom 24-hour urine samples were collected.  The correlation of BMI with Na ranges from 0.12 to 0.22 in these samples, in the same range as the correlation of BMI with BP.  Given the within-person variation in Na, adjustment for BMI could easily mask the true relationship when entered jointly in a multivariate model.  To achieve adequate precision in the measurement of habitual Na intake, we therefore propose in the coming round to collect 2 samples on each individual at each of two visits.  
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C.2
Energy expenditure and body composition
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With support from an active NIH grant the applicant is investigating the relationship between energy expenditure and obesity.  The project has 2 components. The hypothesis relating EE to obesity is based on conventional theory that posits dysregulation of the energy budget as a causal mechanism. Given the increased risk of obesity among women, 200 middle-aged women have been recruited in both Nigeria and the US and a baseline measurement of resting and activity EE has been made.  At the end of a four year follow-up interval these data will be used as predictors of weight change.  The primary hypotheses being investigated are that either low activity EE or low REE will be associated with more rapid age-related weight gain.  In a second component of this project a sample of 50 individuals (25 men; 25 women) has been enrolled in Nigeria, Jamaica and the US (ie, total = 150) to examine the relationship between activity EE and BP.  


Although the longitudinal results are not available as yet, a clear association between activity EE – adjusted for body size - and percent body fat is apparent in the cross-sectional analyses from this study (Figure 3)(cf MS 2 in Appendix).  This relationship exists in each of the 3 study sites, with a correlation as high as 0.7 being observed in Jamaica  (34).  
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C.3
Leptin, adiponectin, and obesity

Known collectively as adipocytokines, this new class of hormones is thought to regulate fat stores, at least in part by influencing satiety.  We have previously shown that leptin has a strongly non-linear relationship to BMI when modeled from

 the very lean to the very obese, suggesting that it regulates appetite only at the lower range (Figure 4)(13).  This concept of “leptin resistance” is supported by variety of animal studies and human trials (46).  
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Adiponectin is the second adipocytokine to have become available for epidemiologic studies.  The primary finding to date, as noted above, is the “protective” effect against diabetes.  We have now measured adiponectin in a sample of Nigerians and US blacks (Table 2, n=699).   Despite FM that is 2x’s as large in the US compared to Nigeria, and substantially greater % body fat, adiponectin levels are only modestly lower in the US (~ 18%).  

Table 2.  Adiponectin Level & Anthropometrics - Nigeria & the US, mean (SD)

	
	Nigeria
	US

	
	Men

(n = 95)
	Women

(n = 96)
	Men

(n = 196)
	Women

(n=312)

	Age (y)
	41.5 (20.2)
	40.7 (20.4)
	36.8 (12.8)
	37.8 (12.9)

	Weight (kg)
	57.7 (14.3)
	56.1 (12.2)
	84.4 (23.4)
	84.1 (24.9)

	Body Mass Index
	20.7 (4.2)
	22.4 (4.8)
	27.0 (7.0)
	31.1 (9.0)

	Fat-Free Mass (kg)
	46.6 (9.7)
	40.9 (6.1)
	60.9 (9.3)
	47.2 (7.8)

	FM (kg)
	11.7 (6.8)
	15.4 (7.0)
	22.0 (13.4)
	36.2 (17.4)

	% Body Fat
	19.1 (7.1)
	26.1 (7.1)
	24.6 (9.4)
	41.1 (9.3)

	Adiponectin (ug/L)
	19.4 (8.1)
	22.9 (9.5)
	16.2 (9.7)
	19.6 (13.5)


Correlation analysis on this preliminary sample suggests important differences with leptin. The correlation of adiponectin with BMI is lower than for leptin (-0.2 to -0.3  vs. 0.6), and paradoxically levels are higher in women, although they have on average higher percent body fat.  Overall there is no correlation between leptin and adiponectin.  The sex-specific correlations of adiponectin with FFM, FM and % body fat are very similar (~ -0.15), strongly suggesting that FM alone is not the sole factor controlling levels.  Adiponectin may therefore be responsive to levels of physical activity, which we know are low in obesity, as well as changes in body composition.  

C.4
 Measurement of physical activity  


The data presented in Figure 3 above have also been used to validate a physical activity recall questionnaire patterned on the Stanford 7-day recall.  The correlation between total daily energy expenditure as measured using DLW and estimated by the recall questionnaire was moderately strong in all 3 sites, Nigeria, Jamaica and Maywood (‘r’ ~ 0.65, n=77).  With this questionnaire, data are collected as minutes of activity per week spent at various levels of intensity.  It is possible to convert the minutes to kilocalories per day using corresponding metabolic equivalents (33).  The questionnaire, however, is calibrated neither to the individual nor the site and this can introduce error to the expenditure estimates, as can self-reporting bias.  Physical activity as estimated using this instrument has been shown to correlate modestly with BMI and SBP in all the population samples.  

We have tested an activity monitor designed by Mini-Mitter, Inc., (Actiwatch) in a small number of women in Nigeria and Maywood to determine its feasibility in field settings.  The monitor records the occurrence and intensity of physical motion through the use of an accelerometer, which produces a variable electrical current based on the combination of the amplitude and frequency of motion. This information is stored within Actiwatch in the form of activity counts per epoch, or specified subunit of time. As the intensity of activity increases, so does the number of activity counts per epoch. The Actiwatch monitor senses motion in all directions.  In both Nigeria and the US, the monitor was well tolerated by the participants and provided cumulative and daily output with regard to activity counts.  As is illustrated in Table 3, while the women in Maywood weighed much more their daily activity counts were 15% lower than the Nigerians.  In simple correlation analysis, in both groups activity counts were negatively associated with weight and SBP (r=-0.22 and -0.19, respectively).  There is currently a new generation of monitors from this company (Actical). These are extremely lightweight monitors, are waterproof and can be worn on a belt at the waist. The validation of the Actical monitor against physical activity as measured using DLW is one component of the present application.  Earlier work by the PI on the use of simultaneous monitoring of heart rate and motion to assess oxygen consumption suggested that motion sensors improved the predictive value of heart rate particularly at lower levels of energy expenditure mimicking activities of daily living (47).  In the controlled laboratory setting, motion sensors were well correlated with directly measured oxygen consumption in both daily activities and the treadmill test (r=0.72 for both tests).            

 
In addition to the total calories burned in activity, the pattern of activity could well influence CV risk factors.  In obese individuals more work is required for motion (ie, isometric work), while among those who are lean and engaged in conditioning work or sports periods with an elevated heart rate will improve fitness.  In our comparisons of the US with Nigeria, adjusted for body size the total calories expended in activity EE as measured using DLW are similar (38).  However, the patterns of activity are the exact opposite with US participants being almost universally sedentary and the Nigerians engaging in many hours of manual work, walking and farming.  As a result, heart rates – as a crude measure of fitness – are very different (ie,  59 vs 71 beat/min, n= 996 Nigeria and 452 US, respectively; p<0.001).  This contrast in the pattern of activity provides an ideal test of the hypothesis that activity which raises heart rate protects against hypertension and glucose intolerance.  In the proposed study we therefore will measure activity with motion sensors as well as documenting patterns with questionnaires.   

C.5
Longitudinal study of hypertension and glucose intolerance 


As a component of the international collaborative studies described above, a follow-up survey is being conducted in Spanish Town, Jamaica, to document the incidence of hypertension and diabetes.  In the baseline survey, 2660 adults were examined.  Blood pressure and anthropometrics were measured, oral glucose tolerance tests were performed and blood samples were drawn.  Replicate examinations have been conducted to date on over 1200 of the original participants, with a re-examination rate of approximately 80%.  It is expected that at least an additional 800 (2000 total) participants will complete the follow-up exam over the next 3 years.   Anthropometric measurements and plasma glucose concentrations for the 887 participants for whom data are entered and cleaned are presented in Table 4. 


Table 4.  Jamaica: Participant Characteristics§, 4-Years of Follow-Up, 

N = 887, mean (SD)

	
	Baseline
	Follow-up
	Change┼

	Age (y)
	47.4 (13.6)
	51.5 (13.6)
	4.1 (0.6)

	Weight (kg)
	71.9 (16.5)
	73.8 (16.9)
	1.9 (6.2)

	Body Mass Index
	26.4 (6.2)
	27.1 (6.2)
	0.7 (2.6)

	Waist Circumference (cm)
	82.7 (12.6)
	85.6 (13.1)
	2.9 (6.1)

	Hip Circumference (cm)
	101.1 (12.3)
	102.1 (12.5)
	1.0 (4.6)

	Fat-Free Mass (kg)
	49.7 (9.3)
	49.3 (9.2)
	-0.4 (5.1)

	FM (kg)
	23.9 (12.0)
	24.6 (12.5)
	0.7 (7.6)

	% Body Fat
	31.1 (11.1)
	31.9 (11.1)
	0.8 (8.8)

	Fasting Plasma Glucose (mmol/L)
	5.52 (2.3)
	5.83 (2.72)
	0.31 (2.32)

	2-Hr Plasma Glucose (mmol/L)
	7.12 (3.77)
	8.56 (4.47)
	1.44 (3.43)


§ Includes diabetics; includes only participants in both Baseline & Follow-up studies.

┼ For all variables, Follow-up different from Baseline, p<0.001. 


	
	Baseline
	Follow-up

	Normal Weight (BMI < 25)
	46.0
	40.6

	Overweight (BMI 25-29.9)
	29.3
	31.6

	Obese (BMI ≥ 30)
	24.7
	27.8

	Normal Glucose Tolerance
	69.9
	53.3

	Impaired Glucose Tolerance
	16.4
	25.9

	Diabetic
	13.7
	20.8

	Normotensive 
	74.9
	67.3

	Hypertensive (> 140/90 or med)
	25.1
	32.7


The mean time to follow-up was 4 years for these participants.  It is estimated that by the end of data collection, however, the mean time to follow-up will be at least 5 years.  Both men and women gained weight and FM between examinations and, as illustrated in Table 5, there were large increases in the prevalence of impaired glucose tolerance, frank diabetes and hypertension.

While age was a consistent determinant of the evolution from normal to impaired glucose tolerance or to frank diabetes, body size – ie, either BMI, FM or waist circumference - was also significant.  Physical activity, measured in a subset of participants using a recall questionnaire, was significantly higher in normal vs impaired glucose tolerance vs diabetes (p<0.001 in a test for nonparametric trend).  After adjustment for age and BMI, physical activity level was significantly negatively associated with plasma glucose concentration (p<0.01), whereas BMI was not associated with this outcome.  Additionally, physical activity was higher among normotensives than hypertensives, even after adjusting for age and BMI (p<0.02).  


The longitudinal data analyzed to date on our Jamaican cohort provide support for the hypothesis that low physical activity absorbs most of the influence of BMI on both BP and glucose metabolism.  This cohort therefore provides a useful setting in which to evaluate the mediating effects of the new obesity-related hormones that are available for study, making it possible to go beyond simple descriptive analyses.  In addition, the multiple samples collected during the oral glucose tolerance tests in the longitudinal survey will allow us to more fully examine changes in insulin kinetics.  

C.6
Genetic resemblance of study populations 


Because we will make direct comparative analyses of our 3 samples it is necessary to demonstrate a reasonably high degree of genetic relatedness in order to rule out that source of confounding.  Based on 13 markers on 2,500 individuals from Nigeria, Jamaica and Maywood at the ACE locus we have shown close correspondence of haplotypes (Table 6; ranked by Nigeria; minor haplotypes omitted; does not sum to 100%).   In addition, we genotyped 400 microsatellite markers on 2,500 individuals from Nigeria and Chicago.  Extensive analyses demonstrate a high degree of genetic resemblance, with approximately 18% European admixture in Chicago (42).   Thus, the vast majority of individual polymorphisms and haplotypes are shared across these groups.   

C.7
Experience of Investigators


Dr. Luke has provided primary leadership for the data collection described in these preliminary studies and will supervise this project.  She has made regular visits to Nigeria and Jamaica and has a close working relationship with the local investigators.  Dr. Cooper has many years of experience in the epidemiology of hypertension in the target populations and will be involved in all aspects of the data collection and analysis.  Dr. Schoeller will serve as a collaborator in the stable isotope component.  Dr. Forrester, who will be the collaborator in Jamaica, is an expert in metabolism, diabetes and hypertension.  Dr. Adeyemo, the other long-term collaborator in the group, will lead the research effort in Nigeria.  He directs a research center at the University of Ibadan and is co-investigator on 6 active NIH grants.  Dr. R. Durazo-Arvizu is an experienced biostatistician who was previously a faculty member at Loyola.  He has participated in a number of earlier studies by the applicant group.  He will oversee the analysis undertaken by Ms. Cao at Loyola, with whom he has worked closely in the past.

D.
Experimental Design and Methods

D.1
Rationale and overview


This project will examine the hypothesis that FM, per se, is not an independent predictor of elevated BP or glucose intolerance.  We expect to identify more proximate and mechanistically relevant factors that could provide direction for new research and targets for improved prevention.  We will attempt to describe the links between low physical activity, Na intake, adipocyte hormones and obesity.  

The study will have two main components:

1)
Cross-sectional survey:  We will recruit 400 individuals (200 men, 200 women) between the ages of 20 and 55 in southwest Nigeria and metropolitan Chicago.  (African Americans will be recruited in Chicago.)   These individuals will undergo two exam cycles over a 1-year period, with measurement of REE, 24-hour urine electrolyte excretion, measurement of physical activity, fasting and 2-hr glucose tolerance, adiponectin, leptin and body composition measured with deuterium oxide.  For each variable, the measurements from the two exam cycles will be averaged to provide a more precise estimate.    

2)
Prospective cohort:  We will examine the longitudinal relationship between adiopocytokines and incident diabetes and hypertension in a cohort of 2,000 Jamaicans.  This setting will make it possible to examine the exposure-outcome relationship across the entire distribution of risk in the population.  

3)
Validation study:  In addition to the two main components, a validation study of the physical activity measurements will be conducted in Year 1. 

Timeline for Study
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The PI will organize weekly staff meetings to review the data collection process.  Every other week the statistical team will meet to discuss data quality and analysis.  Dr. Durazo (the study statistician) will attend these meetings

D.2
Sampling strategy

The framework for this research program is provided by a long-standing NIH grant on high BP which has now been supported by a MERIT Award (R. Cooper, PI).  This “parent grant” was designed to obtain data on BP and risk factors of individuals of similar genetic background from populations at different points on the scale of risk exposure (within-population estimates). The secondary goal was to obtain prevalence estimates of hypertension (between-population estimates).  To achieve this objective a PPS sampling strategy was employed (48, 49).  A random selection of clusters from a list of all clusters was chosen based on their relative size.  

For the cross-sectional survey of the present application, 400 individuals from each of the Nigeria and Maywood sites will be randomly selected from the reference list of the parent survey (of those participants who have consented to be re-contacted for future studies).  We anticipate participation rates of 50-60% since all of the potential recruits will be familiar with Department and have participated in research previously.  Since the protocol requires two examinations approximately 6 months apart, we estimate a 15% non-completion rate based on our earlier follow-up studies in each of our sites.  From the target communities, participants will be enrolled to meet the following criteria.  We will restrict the age range to avoid the potential confounding effect of long-standing obesity or illness in older persons.  

Inclusion criteria are:  

i.  
Belong to target ethnic group, ethnicity based on self-identification,

ii.  
Age between 25 and 55 years, 

iii.  
No diagnosed diabetes, treated hypertension, or symptomatic CVD, 

iv. No known disability that interferes with mobility, eg, osteoarthritis,

v. Not pregnant or nursing.   
  

D.3
Cross-sectional survey:  

Validation of activity monitors


In both Nigeria and Maywood, the activity monitor (Actical Monitor, Mini-Mitter, Bend, OR) will be validated for the estimation of physical activity against the DLW method.  In 20 randomly selected individuals (10 men /10 women, ages 25 – 55 years), total daily energy expenditure (TDEE) will be measured using DLW and REE using indirect calorimetry over a two-week period.  During the same period, participants will wear the Actical monitor at their waist on a Velcro belt.  

Timeline for Validation Study 



 Staff members will be trained on the use of the Actical monitor by the PI.  This will involve training and certification in the use of the monitor, the interface between the monitor and computer and the software for individual programming of the monitors.  Each staff member will prepare, download participant information to monitors and test monitors on 5 individuals.  Each staff will also wear a monitor for two weeks, simulating the experience of the participants.  The staff and PI will discuss issues raised throughout the testing of the monitors, and attempt to resolve any problems.  After testing by staff members, participants will be recruited for the validation study.  (Staff in both sites are already very familiar with the DLW protocol, therefore training emphasis will be on the activity monitors.) 

Twenty individuals from each Nigeria and Maywood will be recruited to participate in the validation study.  Equal numbers of men and women, evenly distributed in age from 25 – 55, from the respective communities will be asked to participate.  As described below, the participant will arrive at the clinic after having fasted from 10 pm the prior evening.  The participant will provide a baseline urine and then drink a pre-measured dose of DLW.  Over the course of 5 – 6 hours, the participant will provide 3 additional urines for the DLW measurement, undergo a respiratory gas exchange measurement, and be instructed in wearing the activity monitor.  After 2 weeks, the participant will return to the clinic to provide the endpoint urine samples and to return the activity monitor.  The staff will then download the data from the activity monitor and save in an electronic file labeled with the participant identification number.  During the 2-week measurement period, staff will check up on the participant every 3-4 days by telephone in Maywood and through home visits in Nigeria to answer questions or assist with any issues arising from wearing the monitor.  Validity of the activity monitors for measuring activity EE will be assessed through the comparison of activity counts per day and activity EE (in kilocalories per day) as measured using DLW, as described in Section D.8.1.2.     

D.3.1
Activity EE by doubly labeled water


The physical activity standard against which the activity monitors will be compared is calculated from measured total daily energy expenditure (TDEE) by DLW and REE by indirect calorimetry.  Activity EE = TDEE – REE.  

D.3.1.1

Total daily energy expenditure


TDEE will be measured using DLW over a two-week period following a 6-month period for preparation, training on use of the activity monitors and purchase of the isotopes (see Figure above).  Two participants will undergo the DLW method and activity monitoring each week, requiring a total of 11 – 12 weeks to complete 20 participants per site.

On the morning of the examination, a spot urine collection will be made and the participant will be given a dose of DLW based on their weight.  Spot urines will also be collected at approximately 2-, 4- and 6-hours after the isotope administration.  The participant will be instructed to return to the clinic 14-days after the examination for the collection of 2 endpoint urine samples, approximately 1 hour apart.  For a complete description of the DLW method of measuring TDEE, please refer to Appendix 1.  

 Extensive experience with the DLW method in both Nigeria and the US by these investigators (n >500) has resulted in only one person failing to return to provide the endpoint urines.  


All urine samples will be aliquotted in duplicate and stored in 5-mL o-ring-sealed cryovials at -20°C.  Tubes will be labeled with participant ID, barcode, date and time of collection.  Samples from Nigeria will be shipped in two shipments, with a duplicate sample remaining in Nigeria in case of problems in shipping.  Mass spectrometric analysis will be conducted by Dr. Schoeller, a co-investigator on this project.

D.3.1.2

Resting energy expenditure

REE is measured using respiratory gas exchange (DeltaTrac II Metabolic Monitor, SensorMedics, Anaheim, CA).  A clear Lucite hood is placed over the reclining participant's head and respiratory gases are collected for 30 to 45 minutes.  During this time the participant is required to stay as motionless as possible, yet remain awake.  Depending upon the relaxation and acceptance of the procedure by the participant, the first 10 to 20 minutes of data will be discarded.  The last 20 to 30 minutes of data will be used to estimate daily REE.  Oxygen and carbon dioxide are continuously sampled during the procedure and minute-by-minute consumption and production values are calculated by on-board software and printed by an attached printer.  Using the modified Weir equation (38, 50), energy expenditure is also calculated each minute.  Replicate measurements (up to 1.5 years apart) indicate the intra-individual coefficient of variation of REE to be on the order of 3.5%.  The indirect calorimeter will be calibrated using gas of known composition prior to each measurement.  Accuracy of flow rate will be verified by alcohol burn tests monthly.  These investigators have significant experience in the measurement of REE in each of the field sites, with over 2500 successful measurements conducted.  

D.3.2
Activity from activity monitors 

The Actical activity monitor provides a measure of an individual’s physical activity over a specified length of time.  The monitor records the occurrence and intensity of physical motion through the use of an accelerometer, which produces a variable electrical current based on the combination of the amplitude and frequency of motion. This information is stored within Actical in the form of activity counts per epoch, or specified subunit of time. As the intensity of activity increases, so does the number of activity counts per epoch. The Actical monitor senses motion in all directions. It is lightweight, waterproof and made to be worn on the wrist, waist or thigh. Consistent placement of Actical on participants ensures comparability of data.  We will have the participants wear the Actical monitor at their waist on a purchased Velcro waistband for the 2-week DLW period. 

During the baseline clinic examination for the 20 individuals in each of the 2 study sites the Actical monitor will be explained and its use outlined.  Participant information such as ID, age and weight are downloaded for identification purposes.  The participant will be instructed to wear the monitor at all times for the entire length of the DLW period.  Although the participants will be instructed to remove the monitor during baths or showers, the monitor is waterproof and can be submerged in up to 10 feet of water.  An appointment will be made for 14 days after the baseline examination to retrieve the monitor and have the participants provide the endpoint urines and complete the 7-day activity recall questionnaire (cf Section D.4.4).  


As noted, current questionnaires have moderate reliability (‘r’ with DLW ~ 0.6).  If the proposed activity monitor methods prove less reliable, we will continue to use the current methods.  

D.4
Cross-sectional survey methods

We will recruit 400 individuals (200 men, 200 women) between the ages of 25 and 55 in southwest Nigeria and metropolitan Chicago.  (African Americans will be recruited in Chicago.)  These individuals will undergo two exam cycles over a 1-year period, with measurement of BP, REE, 24-hour urine electrolyte excretion, measurement of physical activity, fasting and 2-hour glucose tolerance, insulin, adiponectin, leptin, anthropometrics and body composition measured with deuterium oxide.  In each exam cycle, participants will visit the clinic twice, one week apart in order to return the 24-hour urine sample and have BP measured again.

D.4.1
Questionnaire history and blood pressure


A screening questionnaire will be completed by trained and certified research staff using a standardized protocol previously described in detail (44).  Local interviewers will obtain a medical history in the participant’s language (ie, Yoruba in Nigeria).


BP measurements will be made in the sitting position with the arm at heart level after a 5-minute rest.  An oscillometric device, previously evaluated in our field settings, will be used for all BP measurements (Omron HEM-412) (51).  Three measurements will be taken, 3 minutes apart and the average of the final 2 will be used in analyses.  Blood pressure measurements will be repeated at one week at visit 2, when participants drop off their second 24-hour urine collection (cf. section D.4).

D.4.2
Anthropometrics and body composition


Weight will be measured to the nearest 0.1 kg using calibrated electronic digital scales; standing height will be measured, without shoes, to the nearest 0.1 cm.  Waist circumference will be measured to the nearest 0.1 cm at the narrowest part of the torso as seen from the anterior aspect.  In obese subjects where it is difficult to identify a narrowing, the smallest horizontal circumference in the area between the lowest rib and the iliac crest will be used.  Hip circumference will be measured to the nearest 0.1 cm at the point of maximum extension of the buttocks.  For both waist and hip circumferences, the measurement is repeated.  If the measurements differ by more than 0.5 cm, a third is taken.  Abdominal obesity will be determined using NIH criteria as well as site-specific quantiles (ie, > 75 percentile).


Body composition will be determined using isotope dilution.  Total body water (TBW) will be measured using deuterium oxide dilution, following the dilution principle.  Upon arrival at the clinic, participants will provide a baseline urine sample and then given a dose of the stable isotope deuterium oxide, based on weight.  Urine samples will be collected at approximately 2- and 4-hours post-dose.  The 4-hour urine sample will be used to calculate TBW, as extensive previous experience has shown that the isotope will be equilibrated with TBW by 4 hours.  Except in cases of severe malnutrition or dehydration, and some disease states such as AIDS or nephropathies, TBW makes up a constant proportion of (73.2%) of FFM (52).  FFM, therefore, can be calculated from TBW.  FM can then be calculated as the difference between body weight and FFM.

D.4.3
Resting energy expenditure


We will use the same protocol described above (D.3.1.2) to measure REE in the cross-sectional survey.  Fasting RQ will be determined at this time.  If the individuals present to the clinic with an RQ > 1.00, they will be asked to repeat the measurement in the fasting state in 1 week when they return the 24-hour urine sample.

D.4.4
Physical activity


Actical monitors will be used to measure movement for 7 days following the examination.  The monitors work as described above.  Additionally, physical activity will be assessed using a modified 7-day activity recall questionnaire (cf Sect. C.5).  When participants return to the clinic, or are visited at home by field staff, the 7-day activity recall will be administered by a trained worker.  This questionnaire requires the participant to describe their daily activities over the past 7 days, including number of minutes spent in each activity, and requires about 20 minutes for completion.  The activities on the questionnaires will be coded for intensity level based on the tables of Montoye et al (33).  The questionnaires will be used to determine the amount of time spent per day in light, moderate, vigorous and very vigorous intensity activities, ie, patterns of activity intensity.

D.4.5
Oral glucose tolerance test


An oral glucose tolerance test (OGTT) will be administered to each participant at each examination.  Immediately following the REE measurement, each participant will have blood drawn (fasted sample).  An oral glucose load of 75 g will be administered.  At 120 minutes post-load, another blood sample will be drawn.  Blood will be processed and plasma glucose concentration will be measured using the glucose oxidase method for both the fasted and 2-hour samples.  The concurrent administration of deuterium oxide for the assessment of body composition will not interfere with the OGTT.

D.4.6
Urinary sodium excretion


Participants will be asked to collect 2 24-hour urine samples, 1 week apart, during each of the 2 exam cycles.  The mean of the two 24-hour samples in each exam cycle will be used in analyses.  Participants will be carefully instructed in sample collection, using procedures established over the last several years in both Nigeria and Maywood.  The first of 2 24-hour urine collections will be initiated at the visit 1. The participants will return the sample to the clinic the following day after 24 hours and receive the collection bottle for the second 24-hour collection.  The participant will be instructed to start that collection at least 24 hours prior to returning in one week.  Completeness will be assessed by volume, creatinine and potassium.  We have extensive experience in the collection of accurate 24-hour urine samples, with over 2500 collected in each site over the past 2 years.   (Our method detailed here is well accepted by participants in both sites.)

D.5
Longitudinal survey methods


The longitudinal survey on hypertension and glucose metabolism in Spanish Town, Jamaica, will be completed with other funding.  The measurements being performed include BP, glucose tolerance and anthropometrics.  Incident glucose intolerance, diabetes and hypertension will be calculated.  In this application, we are asking for support to conduct laboratory assays for adiponectin, leptin and insulin concentration. 

D.6
Laboratory methods


Blood will be drawn at each examination (for the cross-sectional survey, each participant will undergo 2 examinations within 1 year).  Plasma will be analyzed for leptin, adiponectin, insulin, and glucose in the fasted state.  Additionally, for those in the Jamaican longitudinal survey, baseline and 2-hour post-glucose-load plasma will be analyzed for glucose and insulin concentration.  Incident diabetes will be determined for participants in the longitudinal survey using World Health Organization criteria (53).


Blood from all examinations will be processed on-site according to well-established protocols.  After processing, the samples will be aliquotted to 2-mL cryovials fitted with an o-ring seal and stored at -20°C until shipment or analysis.


Glucose concentration will be determined using the glucose oxidase method (YSI glucose analyzer, Yellow Springs, OH).  Leptin, insulin and adiponectin concentrations will be measured using radioimmunoassay kits at Loyola.  Standards provided by the manufacturer are appropriate across the entire range of values observed in our populations.  The Nigerian and Maywood cross-sectional survey samples will be analyzed at Loyola University; the Jamaican longitudinal samples will be analyzed in the laboratory of the Tropical Medicine Research Institute in Kingston.  Pooled standards will be created to insure comparability over time and between laboratories.


The coefficient of variation (SD and difference for split samples / grand mean) will be monitored to assess quality control.   A pooled standard drawn from study participants will be created and used to assess stability within and between laboratory runs; additional 5% blind duplicates will be included.

D.7
Data management

Participants are assigned a study ID by site.  All forms and biological specimens are labeled with the computer-generated barcodes.  Forms are inspected by the local supervisor for legibility and accuracy, copied and sent to Loyola.  The Study Coordinator at Loyola inspects all in-coming data from each site for completeness before data entry.  We ensure data reliability through double entry verification. Once the data is entered, it is again checked by the data management coordinator against reasonable values. Each subsequent batch of laboratory data is checked using the same process before being merged with the master data set.  All identifiers, eg, name, address, SSN, will be removed from the database.  The only file in which this information may appear in a passworded file on the hard drive of the data manager’s computer.  Hard copy forms are kept in a locked cabinet.  Electronic files are maintained on a Sparc workstation with 156 gigabytes of disk storage space.  This system is available to local and international co-investigators by Internet.  Investigators conduct the exploratory analyses primarily using SAS.  Data analysts "check out'' data using a library system to ensure that only those authorized to handle the data do so, as well as to guard against the proliferation of various versions of data sets.  Analysts "check in'' their analyses, as well as any new data sets which are created. New data are not merged with old, but are kept in individual files.

D.8
Statistical analysis and sample size calculations

D.8.1
Statistical analysis

D.8.1.1

General considerations

As noted, the primary analyses will rely on standard statistical techniques.  We prefer the strategy of using simpler methods for which the assumptions are better understood rather than more complex modeling unless, of course, special circumstances require supplemental modeling.  Before conducting the analyses we will carefully examine the data for non-normality, and make the necessary transformations.  Outliers will be identified by inspecting values > 4 SD’s from the mean and using bivariate scatter plots.  

D.8.1.2

Validation Study

As stated, activity EE by DLW and activity monitoring data will be collected on 20 individuals (10 men and 10 women).  The variables of interest will be motion sensor counts and activity EE by DLW.  The primary analyses will be conducted as the within-person correlation of pairs of measures (linear and rank order) and the magnitude of the absolute difference between DLW and the other measurements.  We will be interested in the correspondence of both the slope and the intercept.  A “high degree” of accuracy will be defined as “r” > 0.9; the threshold for acceptable will be 0.8.  We will also plot the residuals of a regression analyses against the grand mean to determine whether there is over/under prediction at the extremes.  We can likewise use quantile plots to examine the distributions.  These methods have been applied in a previous study by the PI who is familiar with the specialized technical and statistical issues involved in these analyses (38).  

D.8.1.3

Analysis of cross sectional survey data:


The variables that will be available and the schedule of data collection are presented in Table 7a and b.  The purpose of multiple measurements is to obtain a more precise average value for each individual.  All of the primary analyses will be conducted using the grand mean for all measurements.  We recognize that measurement error can potentially distort multivariate models.  If one of two correlated traits is measured with greater precision it may absorb a disproportionate share of the common variance.  The increased number of measurements for BP and 24-hour sodium is required because these parameters have more inherent within-person variability.  The two most important exposure variables– eg, REE and body size/composition – are measured with a similar high degree of precision (intra-individual ’r’ > 0.97).     
    Table 7a.  Exposure Schedule - Cross-Sectional Survey*

	Measured

Variable
	Exam Cycle 1
	Exam Cycle 2

	
	Visit 1
	Visit 2
	Visit 1
	Visit 2

	Body fat mass
	X
	
	X
	

	Anthropometrics – 

    Weight

    Height

    Waist & hip
	X

X

X

X
	
	X

X

X

X
	

	    Abdominal obesity
	X
	
	X
	

	Resting energy expenditure
	X
	
	X
	

	Physical activity - monitor
	X
	
	X
	

	Physical activity - questionnaire
	X
	
	X
	

	Urinary sodium
	X
	X
	X
	X

	Plasma insulin
	X
	
	X
	

	Plasma leptin
	X
	
	X
	

	Plasma adiponectin
	X
	
	X
	


*  For each exam cycle, there will be 2 clinic visits one week apart; cycles will be 6 months apart.

    Table 7b.  Outcome Variables – Cross-Sectional Survey

	Measured

Outcome
	Exam Cycle 1
	Exam Cycle 2

	
	Visit 1
	Visit 2
	Visit 1
	Visit 2

	Blood pressure (continuous)
	X
	X
	X
	X

	Hypertension (categorical)
	X
	X
	X
	X

	Plasma glucose (continuous)
	X
	
	X
	

	Glucose tolerance (categorical)
	X
	
	X
	


Analysis will be conducted first by gender within site.  If no gender-specific effects are documented then the sample will be pooled by site, with gender as a covariate.  Correlation and regression analysis will be conducted with the principle outcome variables being BP, glucose tolerance, hypertension status and diabetes/impaired glucose tolerance.  We will have access to body composition data from deuterium measurements.  

D.8.1.3.1
Within-group, person-level comparisons:   

A critical challenge at this stage in the data analysis phase will be the need to create statistical models that appropriately account for collinearity and confounding.  Extreme collinearity (ie, > 0.8) is not anticipated for any of the key variables listed in Table 7.   If, however, this result does occur we not attempt to infer independence of those factors.  Appropriate attention must nonetheless be paid to the question of confounding.  By standard definitions, confounding exists when a variable is non-causally related to the outcome, correlated with a causal factor and not “on the pathway” between a prior exposure and the outcome (54).  In the analytic process we will use standard multivariate procedures to determine the strength and independence of the exposure-outcome relationships.  Our primary hypothesis rests on the assumption that FM is confounded by the more direct (ie, causal) effects of other exposures.  In this setting, of course, causality cannot be tested directly, but will of necessity be inferred by statistical significance testing.  

Given the complex process we are studying, an explicit model of how we think the processes work on a mechanistic level is required.  As suggested in Figure 1, we can conceive of three sets of measures.  The “exposures” include physical activity level, sodium and also the factors summarized as REE.  We recognize that REE is not a “typical” environmental exposure, however, in our model it is a proxy for unobserved factors.  FM or adiposity is a second category.  The hormone responses are the third or “mediating” category.  Finally, CV risk is the outcome. 

To be more precise in this presentation, the strategy is summarized with labels for the 3 categories of variables in Figure 5.  As outlined, Category A = Exposures, B = FM/body composition, C = Hormones; and Outcomes = CV risk factors.  We will first model the relationship of variables in categories A, B and C to the outcomes in separate analyses.  We will then relate A to B, C to B, and A to C to determine the multiple links within the obesity syndrome.  Finally, we will use models with CV risk as the outcome that include the variables in A and B simultaneously, and similar models including C with B.  Since the hormones like adiponectin are not true confounders, because they lie on the pathway linking the exposures to changes in CV risk, we will not include variables from A and C in the same model when attempting to explain variation in CV risk.  Finally, we will explore multi-stage or path models relating A and C to the outcome of CV risk if it appears that they can add to the standard regression models. 

 



D.8.1.3.2
Cross-group comparisons:


As described earlier, we will test the causal role of FM by comparing average levels of the intermediate and outcome variables (eg, adiponectin, leptin, insulin sensitivity) in Nigeria vs. Chicago at the same level of % body fat.   Analyses will be conducted both by stratifying and matching the samples at the two sites, and by adjustment using regression models.  We recognize that since the two distributions may be shifted for some factors we will have to determine whether the exposure-outcome relationship is linear across the observed range.   If this is not the case, stratification will be preferred to linear adjustment.  We will further test the validity of the cross-site comparisons using those individuals who can be matched exactly in terms of  % body fat first, and then use the whole data set with a statistical adjustment procedure.  The statistic of interest with be the residual difference.  A significant residual difference will be interpreted to mean that factors other than FM and % body fat per se are important determinants of insulin sensitivity and related aspects of CV risk. 

D.8.1.4

Analysis of longitudinal data


The variables to be used in the analysis are presented in Table 8.  

In the statistical analyses we will follow the pattern described above for the cross-sectional data, however we will rely more heavily on logistic regression since categorical outcomes will be important (ie, diabetes and hypertension).  We will not use time-dependent models because time of incident diabetes or hypertension will not be known with precision.  As with the cross-sectional data, however, it may be necessary to use supplemental modeling procedures. For instance, repeated measures study design and analysis will be implemented following the suggested strategies of Frison and Pocock (55), in which summary statistics are computed first, which allows for the adjustment of baseline measurements, as well as the correlation among repeated measures.  If necessary, an approach based on generalized estimating equations (GEE) will be applied.  The GEE provides model-based regression methodology applicable for analysis of the correlated data that result from this repeated measures longitudinal study (56).  In particular, the GEE allows for the estimation of group differences adjusting for other covariates of interest, such as age, gender, etc. 

After adjustment for body size/composition and other relevant exposures, we will assess the role of adiponectin and leptin on risk of incident diabetes and hypertension.  If our interest were exclusively the adjusted relative risk for the hormone exposure, a nested case-control design would be adequate.  However, given the prior evidence on that question, we will attempt to extend the current knowledge by examining the effect broadly across various age-gender and baseline risk categories.   

D.8.2
Sample size and power calculations

D.8.2.1
 
Validation study for physical activity measurement


The sample size for the validation study is constrained by cost at 20 per site.  We will simultaneously measure activity EE by DLW, activity monitor and questionnaire, using a common metric.  With a sample size of 20 per site (40 total) we will be able to statistically evaluate correlations > 0.5 with statistical power exceeding 90% using a two-sided, one sample Fisher’s Z-test (57).; obviously we anticipate much higher values (eg, > 0.85) and values less the 0.5 would indicate that the methods are not comparable (55).  Since we do not yet have data on the activity monitors it is not possible to estimate the size of the differences that can be detected empirically   As noted above, however, a judgment as to whether the methods are valid is ultimately based on choosing the degree of accuracy one wants to accept.   We have set a lower limit for correlations of 0.8 as acceptable.  

D.8.2. 2
Cross-sectional survey


The primary analyses will be conducted through correlation and multiple linear and logistic regression.  We propose a sample size of 400 in each of the two survey sites – ie, the US and Nigeria. The variables of interest are listed in Table 7.   As noted, the analyses will examine a correlation matrix for the continuous variables (eg, % body fat, adiponectin, BP, REE, etc), and multivariate regression models with these variables.  For a sample size of 400 we will have 98% power to detect correlations of 0.20 and 85% power for correlations of 0.15.  For many analyses it will be possible to combine the samples from the two sites, after demonstrating the absence of a site-specific effect.   In the pooled sample of 800 we will have more than 80% power to detect relationships at the lower threshold of biological significance, namely 0.10.  For regression analysis in which these same groups are compared after adjustment for relevant confounders, one expects to detect significant differences with higher statistical power. 

D.8.3
Longitudinal analyses


The primary outcome to be analyzed in this study will be glucose intolerance, although we will examine results for BP as a secondary aim.  The outcome events can either be measured on a continuous scale (ie, change in glucose or BP) or a categorical scale (incident diabetes or hypertension).  Based on the preliminary data presented above in C.6, for example, mean 2hr glucose rose from 7.5 to 8.6 mmol/L (SD ~ 3.5).  The 4-year incidence rates of diabetes and hypertension were both 7%.  In a comparison of the top and bottom quartile of plasma glucose at 5 years we estimate a 1.0 mmol/L difference.  Among 2,000 participants, therefore with 500 per quartile, we would have 99% power (alpha = 0.05 beta = 0.01).  For a difference of 0.75, we have over 90% power as well.  An incidence rate of 7%, projected to 9% by the end of follow-up, would yield 180 cases.  Over 90% statistical power will be achieved in the comparison of this increase in the incidence rate of 2% using a one-sided, one sample Fisher’s Z-test for proportions assuming a correlation of 0.5 between the baseline and 5-year measurements.

D.9
Potential Limitations   


What does this study add to our current understanding?  The primary rationale for this study lies in the potential importance of this research to provide new insights into one of the most common problems in CV medicine.   The epidemiology of hypertension is a slow moving field and relatively few novel observations have been introduced in the last several years.  The observation of the REE-BP relationship is of sufficient potential relevance that it deserves to be thoroughly evaluated.  A careful description of this relationship might be a useful stimulus that could lead this field in a new direction.  While it is true that physical activity has been well studied, we will have access to unique settings and can apply new, more accurate methods.  In addition, the contrasting field settings may provide an opportunity to observe the effects with more precision than was possible before.  The etiology of hypertension and the effects of physical activity are two of the most basic concerns in CV epidemiology and small increments in knowledge could be of relevance to large numbers of individuals.  


Will it be possible to make secure inferences from these observational data?  We recognize that the difficulty separating causal and non-causal associations is inherent in the observational data that will be collected here, and is made worse by the inter-connected nature of the process we are studying.  However, we have good preliminary evidence that the modeling we propose to use will be effective and we have presented an explicit a priori hypothesis to test.  Further mechanistic studies will be required if our findings are verified, and they will only be feasible in a different design.


The studies of BP and glucose intolerance focus on separate processes.  Does this proposal really include two studies in one?  We acknowledge the differences in the two primary aims.  However, they are tightly linked by a single conceptual framework and both involve studies of the metabolic consequences of obesity for CV risk.  We would argue that the two components complement each other and increase the efficiency of the project.  Additionally, the longitudinal survey in Jamaica is a valuable resource for diabetes and hypertension research that may yield significant insights with relatively little additional expense. 

E.
Human Subjects

1.
Participants will be involved in a series of studies and they will have various physical measurements and blood tests.  No interventions will take place.  Participants will receive the information about the results of their tests.  Incentives will be offered, including up to $50 in Chicago for the cross-sectional survey and up to $100 for the small validation study of the physical activity monitor (n=20).  These incentives will vary in Nigeria.  In the Jamaican longitudinal component, the clinic examination phase is completed and no incentives will be offered.

2.
Data will be collected by a one-on-one interview.  The participants will be provided with an extensive explanation of the intended study in his/her native language.  He/she will also be asked about willingness to have a follow-up visit, as appropriate.  Consent will also include agreement that DNA will be used for future research.

3.
Participants will be recruited from the among community residents.  

4.
All participation will be voluntary.  Once a participant agrees to join the study, an appointment will made for further follow-up visits.

5.
Confidentiality will be guaranteed through use of unique study identification numbers.  Only investigators will have access to the data files.  Only the identification numbers will appear on biological samples.  Tracking will make it possible for all samples on participants to be destroyed should the participant wish that in the future.

6.
Participants will be asked to join this study for its potential scientific and public health benefits.  All individuals in the study may benefit directly from the screening activities.  Appropriate referral will be made for any detected conditions. 

Gender, Minorities and Children:  A total of 800 new participants will be enrolled.  Stored samples will be used on 2,000 more individuals.  All participants will be of African ancestry to allow for non-confounded comparison between participants from Nigeria and Jamaica with those from the US.  Roughly equal numbers of men and women will be enrolled between the ages of 25 and 55.  Children will not be enrolled since the outcomes of interest are associated with chronic diseases, ie, hypertension and diabetes, which are significantly more prevalent in adults.

F.
Vertebrate Animals

N/A
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Distribution of BMI and the slope of the REE-BP relationship in Nigeria and the US.  Note similar REE-BP slopes despite widely divergent BMI distributions, suggesting a common effect among both the lean and obese.
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Table 3. Data from Pilot Testing of


Actiwatch Monitors – Women’s Study


�
Maywood


(n=7)�
Nigeria


(n=14)�
�
Age (y)�
29.8�
35.4�
�
Weight (kg)�
80.3�
63.2�
�
SBP (mmHg)�
108.5�
99.1�
�
DBP (mmHg)�
70.2�
66.4�
�
Activity (count/d)�
213,108�
246,306�
�









Table 5.  Jamaica: Weight, Glucose Tolerance and Blood Pressure Classifications at Baseline & Follow-up, N=887 (%)








Table 6. Distribution of ACE Haplotypes in 


Study Populations Based on 13 Polymorphisms  


Haplotype�
Nigeria�
Jamaica�
Maywood�
�
1�
12.86�
7.98�
10.30�
�
2�
12.79�
10.79�
11.93�
�
3�
10.36�
6.22�
6.36�
�
4�
9.66�
7.90�
7.13�
�
5�
7.74�
5.48�
4.12�
�
6�
5.75�
2.98�
3.93�
�
7�
3.42�
3.78�
3.20�
�
10�
2.47�
2.99�
3.35�
�
11�
2.20�
2.42�
2.00�
�
12�
2.14�
0.45�
1.93�
�
13�
1.70�
0.56�
0.33�
�









The Framework for Data Analysis, Listing the Categories of Variables





Figure 5





Table 8.  Longitudinal Survey


Exposures�
Outcomes�
�
Body fat mass�
Plasma glucose�
�
Anthropometrics – 


     Weight


     Height


     Waist & hip


     Abdominal obesity�
Glucose tolerance


Blood pressure


Hypertension�
�
Urinary sodium (1 measure)�
�
�
Plasma insulin�
�
�
Plasma leptin�
�
�
Plasma adiponectin�
�
�
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