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Abstract 

The primary objective of this study was to assess the relationship between dietary 

patterns with diabetes and mortality risk from all-cause and cardiovascular disease while 

controlling for the confounding effects of fitness.  The secondary objective was to examine the 

combined effects of dietary patterns and fitness on chronic disease and mortality risk.  

Participants consisted of 13,621 men and women from the Aerobics Center Longitudinal Study 

who completed a standardized medical examination and 3-day diet record between 1987 and 

1999.  Reduced rank regression was used to identify dietary patterns that were predictive of 

unfavorable profiles of cholesterol, white blood cell count, glucose, mean arterial pressure, HDL-

cholesterol, uric acid, triglycerides, and body mass index.  One primary dietary pattern emerged, 

which was labeled the “Unhealthy Eating Index”.  This pattern was characterized by a large 

consumption of processed meat, red meat, white potato products, non-whole grains, added fat, 

and a small consumption of non-citrus fruits.  After adjustment for covariates, the odds ratio for 

diabetes and the hazard ratio for all-cause mortality were 2.55 (95% confidence interval: 1.81-

3.58) and 1.40 (1.02-1.91) in the highest quintile of the Unhealthy Eating Index when compared 

to the lowest quintile, respectively.  After controlling for fitness, these risk estimates were 

reduced by 51.6% and 55.0%.  The Unhealthy Eating Index was not a significant predictor of 

cardiovascular disease mortality before or after controlling for fitness.  Examining the combined 

effects of dietary patterns and fitness revealed that both variables were independent predictors of 

diabetes (Ptrend <0.0001), while fitness (Ptrend <0.0001) but not unhealthy eating (Ptrend=0.071) 

significantly predicted all-cause mortality risk. These results suggest that both diet and fitness 

must be considered when studying disease. 
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Chapter 1 

Introduction 

1.1 General Introduction 

An unhealthy diet and physical inactivity are established risk factors for several chronic 

diseases and premature mortality.
1-4

  A recent study published in the Journal of the American 

Medical Association stated that “poor diet and physical
 
inactivity may soon overtake tobacco as 

the leading cause of
 
death.”

5
   It is not surprising then, that over 75% of American adults and 59% 

of Canadian adults do not consume at least 5 servings of fruits and vegetables per day, and that 

more than half of US and Canadian adults do not engage in moderate-to-vigorously intense 

physical activity on a regular basis.
6, 7

  Because poor nutrition and physical inactivity are 

modifiable behaviours, diseases occurring as a result of these lifestyle factors are, for the most 

part, preventable.   

Historically, studies examining the diet-disease relationship examined a single nutrient or 

food item, such as the effects of fiber on colon cancer or the effect of coffee on type 2 diabetes.  

Recently, there has been a shift towards studying individuals‟ overall dietary patterns and their 

association with chronic disease and mortality risk. This shift has occurred for several reasons.  

First, because people eat meals comprised of a variety of nutrients and foods, studying 

individuals‟ complete diets, through their overall dietary pattern, more closely approximates real-

world eating conditions.  Second, the single nutrient/food approach is inadequate for taking into 

account complicated interactions among nutrients.  Finally, because individual nutrients and food 

items are commonly associated with certain dietary patterns, the single nutrient or food item 

analysis may be confounded by the effect of dietary patterns. 
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Recent literature reviews have summarized the evidence linking dietary patterns with 

chronic disease and mortality risk.
8-11

  Their findings suggest that dietary patterns characterized 

by a high consumption of processed, refined, and fried foods and a low consumption of fresh 

fruit, vegetables and whole grains, are a modest to strong risk factor for chronic disease and 

mortality risk in both sexes.
8-11

  While dietary patterns that are both predictive of and protective 

against chronic disease and mortality have been identified, the confounding effects of physical 

activity (or physical fitness) have yet to be properly addressed.  When assessing the diet disease 

relationship, physical activity must be considered as it is related independently to both diet
12

 and 

chronic disease.
4, 13

  Thus, it is essential to properly account for the effects of physical activity 

when studying the diet-disease relationship.   

 

1.2 Objectives 

This thesis involves the secondary analysis of a large dataset of participants from the 

Aerobics Center Longitudinal Study who completed a standardized medical examination and 3-

day diet record between 1987 and 1999.  The objectives of this thesis are as follows: 

1.2.1 To derive dietary patterns that are related to clinical biomarkers of chronic 

disease and premature mortality risk. 

1.2.2 To assess the relationship between dietary patterns with prevalent diabetes and 

mortality risk from all-cause and cardiovascular disease (CVD) while controlling 

for the confounding effects of fitness.  Fitness is an objective measure of an 

individual‟s physical activity over recent months.  

1.2.3 To examine the combined effects of dietary patterns and fitness on chronic 

disease and mortality risk.   
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1.3 Anticipated Results 

 It is anticipated that the findings of this study will provide an understanding of specific 

dietary patterns that predict diabetes as well as CVD and all-cause mortality.  Furthermore, the 

results of this study will provide insight on the degree to which physical activity and fitness 

confounds the relationship between dietary patterns with morbidity and mortality.  

 

1.4 Thesis Organization and Outline 

This thesis is organized according to the guidelines for the Manuscript Forms of Theses 

set forth by the School of Graduate Studies and Research at Queen‟s University and the 

Department of Community Health and Epidemiology.  The next chapter of this thesis provides a 

literature review outlining some background information on the various methods used to collect 

dietary information and to derive dietary patterns.  It also gives a detailed overview of previous 

studies that have examined the diet-disease relationship, and addresses issues surrounding the use 

of physical activity as a confounder.  The third chapter of this thesis is the manuscript and is 

entitled “Dietary Patterns and the Risk of Diabetes and Mortality: Impact of Cardiorespiratory 

Fitness”. The manuscript is divided into two parts, with the Aerobics Center Longitudinal Study 

(ACLS) cohort forming the subject pool for both.  In Part A, data reduction techniques were 

employed to identify dietary patterns that were related to clinical markers of chronic disease and 

mortality risk.  In Part B, the risk of diabetes, CVD mortality, and all-cause mortality according to 

the dietary pattern score (identified in Part A) were determined.  The confounding influence of 

fitness on the relation between dietary patterns and chronic disease risk was considered.  Finally, 

Chapter 4 provides a general discussion of the thesis, including a summary of the key findings 
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and their implications, the strengths and limitations of the research, and future research directions 

in the topic area. 
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Chapter 2 

Literature Review 

2.1 Introduction 

The World Health Organization
1
 recently declared that ~60% of deaths worldwide are 

attributable to chronic disease and that almost half of the global burden of disease is due to 

chronic disease.  Although comparable data is not available for Canada, estimates from the 

United States suggest that a poor diet and a lack of physical activity are responsible for 14% of all 

deaths.
2
     

Historically studies in nutrition epidemiology examined chronic disease risk in relation to 

a single nutrient or food.  In reality; however, people do not eat isolated nutrients.  Rather, they 

eat meals composed of a variety of nutrients and foods.  Therefore, the single nutrient approach 

may be inadequate for taking into account complicated interactions among nutrients.  For 

example, calcium is not properly absorbed without the help of vitamin D, thus the presence of 

vitamin D is essential for studying the effects of calcium.  As well, because nutrient intake is 

commonly associated with certain dietary patterns, single nutrient analysis may be confounded by 

the effect of dietary patterns.  Therefore, studying individuals‟ complete diets, through their 

overall dietary pattern, more closely approximates real-world eating conditions.   

Studying overall dietary patterns may also overcome potential statistical problems that 

result when studying individual nutrients.  Multicolinearity occurs when two or more nutrients are 

highly correlated with each other and with the outcome making it difficult to examine their 

separate effects.
3
  As well, the effect of a single nutrient may be too small to detect, but the 

cumulative effects of multiple nutrients included in a dietary pattern may be of a sufficient 
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magnitude to be detectable. 
3
  Thus, when studying the diet-disease relationship, overall dietary 

patterns analyses may be more effective.  

The objectives of this literature review were to: 1) provide background information on 

and to critique the various methods used to collect dietary information and to derive dietary 

patterns, 2) provide an overview of previous studies that have examined the relation between 

dietary patterns with chronic disease and mortality risk, and 3) to consider the confounding 

influence of physical activity in studies examining the relation between dietary patterns with 

chronic disease and mortality risk.  

  

2.2 Collection of Dietary Information 

Several different methods can be employed to collect dietary information for 

epidemiological studies.  Seven-day diet records, where individuals keep a detailed record of 

everything they eat over the course of a week, are considered the gold standard.
4-6

  One and three-

day diet records are also popular.  A simpler, less time consuming method of measuring dietary 

intake is the use of a food frequency questionnaire (FFQ).  Here, participants indicate how 

frequently, usually in a predefined ordinal response category, they consumed certain food items 

(e.g., banana), food groups (e.g., non-citrus fruits), and/or meals (e.g., snacks, breakfast) over a 

predefined time period, usually the past month.  FFQs are most commonly used in nutrition 

epidemiology as they are less time consuming for both participants and investigators.
7-9

     

Although they provide dietary information for a limited period of time, both FFQs and 

diet records are intended to reflect habitual, long-term dietary behaviours.  Validation studies 

have suggested that obtaining diet records over 7 days is the most appropriate method for 



9 

 

establishing long-term intake.
5, 10

  Three-day diet records have been shown to be a more accurate 

representation of actual food intake than FFQs.
11, 12

   

Once collected, the information obtained in diet records is typically analyzed using 

computerized nutrition analysis programs wherein the information from food records is manually 

entered into the computer program.  Once entered, the program analyzes the dietary data and 

provides detailed dietary information on the overall diet such as total caloric content, the volume 

of micronutrients (vitamins and minerals), and the volume and caloric content of macronutrients 

(fat, protein, carbohydrate, alcohol).
6
  While FFQs do not provide information on the caloric, 

micronutrient, or macronutrient content of the diet, they are very useful for capturing the 

frequency of consumption (or servings) of particular food groups.   

 

2.3 Identification of Dietary Patterns 

Once the vast array of dietary information and variables obtained from dietary records 

and/or FFQs are converted into a database of several variables, the next step is to synthesize this 

information into a smaller and more manageable number of variables.  Typically, data reduction 

techniques are used to identify a few key dietary patterns from the large number of variables 

obtained from the diet records and FFQs.  Three data reduction approaches have been employed.  

The three approaches consist of investigator-determined (a priori) methods, data-driven (a 

posteriori) methods, or a combination of the two.  Figure 1 provides a pictorial representation of 

the components of each method.  
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Figure 1.  Approaches to define dietary patterns in observational studies  

Adapted from Schulze & Hoffmann 
13

 

 

2.3.1 A Priori Methods 

A priori diet scores are manually constructed by researchers and are based on the quality 

of the diet as a function of national or international dietary guidelines.  Typically, when dietary 

quality indices are used, for each of the foods or nutrients considered in the guidelines (e.g., 

number of fruits, percentage of calories obtained from saturated fat, etc.), participants are given a 

score of 0 or 1 depending on whether or not they achieved the recommendation for that item.  The 

scores from the different items are summed to create an overall dietary guidelines index.  Two 

well-known index scores are the Diet Quality Index (DQI and DQI-revised)
14, 15

 and the Healthy 

Eating Index (HEI).
16, 17

 These indices are based on the U.S. Food Guide Pyramid and the 2005 

Dietary Guidelines for Americans, respectively.   

In addition to being intuitively appealing, dietary guidelines indices are useful because 

they characterize the total diet, are easy for the general public to understand, and are objective 

(e.g., use existing dietary guidelines as guiding principles).  However, they have two important 

limitations.  First, because they dichotomize scores for each dietary component they do not take 

into account the full range or amounts of foods consumed.  Second, the summation of equally 
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weighted dietary component scores implies that each food item is equally important and 

additively related to health, which is untrue.
18

 

2.3.2 A Posteriori Methods  

A posteriori approaches for deriving dietary patterns are entirely data driven and have 

become quite popular in nutrition research.  The most commonly used a posteriori methods are 

principal component analysis, factor analysis, and cluster analysis.   Principal component analysis 

identifies foods that are frequently consumed together.  With this approach food items or food 

groups are grouped together based on the degree to which they are correlated with one another.  

The goal is to identify linear composites of optimally weighted food items or food groups that 

account for the largest amount of variation in diet between individuals.  In contrast, factor 

analysis assumes that the observed variables are linear combinations of unobservable factors.  

Although theoretically different in their approach, principal component analysis and exploratory 

factor analysis tend to identify similar dietary patterns.
19

   

Cluster analysis differs from factor analysis and principal component analysis.  With 

cluster analysis groups of foods that are similarly eaten together or clusters of individuals with 

similar dietary habits are defined.  The usual cluster analysis of individuals is based on distance 

measures between observations of individuals.  Initial cluster seeds are followed by repeated 

comparisons between the means of initial clusters and subsequent updates of cluster groupings 

and means until the distances between the observations within clusters are small enough 

compared with distances between cluster means.
18

  In summary, this process identifies different 

groups of subjects wherein the dietary pattern of individuals within the same group is relatively 

comparable and different from those of individuals in different groups.   

When using any of these a posteriori approaches, it is common practice to pre-group 

individual food items into food groups before applying the statistical data reduction techniques.  
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This is done because the proportion of explained variance per factor decreases with the number of 

variables entered.  Therefore, grouping food items to form food groups helps to maximize the 

explained variance of each derived factor.
19

  In fact, most studies have used a maximum of 40 

different food groups.
20, 21

  

All three aforementioned a posteriori data driven methods have notable strengths and 

weaknesses.  In terms of strengthens, the approaches characterize total diet and allow for biologic 

interactions among nutrients.  Results can also be meaningful (e.g., they describe eating 

behaviours), interpretable, and show some reproducibility across populations.
18

  However, 

subjectivity is introduced at various points in the procedure including grouping of dietary items, 

selection of the scales for the dietary items (e.g., grams, servings, percent of energy), analytic 

choices and options (e.g., statistical algorithms, use of rotation), and selecting a final pattern 

solution.
18, 22

   

2.3.3 Reduced Rank Regression 

A new data reduction technique has recently been introduced that incorporates the 

benefits of both a priori and a posteriori methods while minimizing their limitations.  This 

method is known as reduced rank regression (RRR).  As displayed in Figure 2, RRR uses both 

dietary data and response variables that represent the biological pathway between dietary patterns 

with morbidity and mortality (e.g., biomarkers such as blood glucose and cholesterol).  In other 

words, RRR identifies linear functions of predictors (e.g., food groups) that explain as much 

variation as possible in a set of intermediate response variables (e.g., biomarkers).
8
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Figure 2.  Reduced rank regression as a means of representing the biological pathway between dietary 

patterns with morbidity and mortality   

Abbreviations: BMI = body mass index; CVD = cardiovascular disease; PA = physical activity  

Reduced rank regression is represented in the first two circles where dietary patterns that predict an 

unfavourable biomarker profile are derived.  Dietary pattern scores are used in logistic or Cox regression to 

determine the odds or risk of morbidity or mortality outcomes.  The bottom box labeled “confounders” 

represents variables that are related to both the exposure and outcome but are not in the causal pathway.  

These variables can have an effect on the diet-disease relationship and must be controlled for in analyses. 

 

When deriving dietary patterns using RRR it is necessary to choose the number of factors 

(patterns) that should be retained.  The factors that are retained are generally those that explain 

the greatest amount of variation in the biomarkers.  However, this approach is somewhat 

subjective.  In order to avoid this subjectivity, the use of cross-validation has been proposed.
23, 24

   

Although a clear methodological strength, only two studies have employed cross-validation 

procedures when developing dietary patterns using RRR.
25, 26

  

 

 

Biomarkers Dietary patterns  

Morbidity & 

mortality  

(Diabetes, CVD, 

cancer, death) 

Confounders  

(Age, gender, PA, 

smoking) 
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2.4 Relation Between Dietary Patterns with Chronic Disease and Mortality 

2.4.1 Summary Tables 

To date, the majority of studies examining the relationship between dietary patterns and 

chronic disease and mortality risk have reported similar findings.  Tables 1, 2, and 3 summarize a 

comprehensive review of the literature of studies that have used a priori, a posteriori, and 

reduced rank regression, respectively, as a means of deriving dietary patterns predictive of 

chronic disease and mortality risk.    Only those studies that examined the relationship between 

dietary patterns and sentinel chronic diseases (type 2 diabetes, CVD, and cancer) or mortality 

were included.  The search for articles was conducted using Medline and Pubmed using the key 

words “diet* OR diet* pattern AND OR chronic disease AND OR disease AND OR mortality 

OR death AND OR reduced rank regression AND OR principle component analysis AND OR 

factor analysis AND OR cluster analysis AND OR diet score AND OR score, AND OR a priori 

AND OR a posteriori”.  The abstracts of the identified articles were read, and if the article met 

the inclusion criteria a full text copy was obtained.  References of the selected articles were then 

searched for other studies that were missed in the electronic database searches.     

Once all articles were obtained they were divided into categories based on the method 

used to derive dietary patterns (a priori, a posteriori, and/or RRR).  If a study used more than one 

method to derive the pattern, it was included in both of the appropriate tables.  The study type, 

sample size, age of participants, method of recoding dietary intake, risk factors controlled for in 

the regression analyses, and the risk estimates for the disease and mortality outcomes were then 

recorded.   

In addition to the aforementioned study information, particular attention was given to the 

measurement of physical activity as a covariate in these studies.  Thus, a column was included in 

the tables to indicate whether or not physical activity was controlled for in the study, and if so, the 



15 

 

means by which it was measured.  Specifically, each study was assigned a score ranging from 0 

to 5, with higher scores indicating better measurement.  Those studies assigned a score of 0 were 

those that did not consider the confounding effects of physical activity.  A score of 1 was 

assigned to studies that used a simple questionnaire to assess physical activity (e.g., 1 or 2 

questions).  A score of 2 was given to studies that used more complex questionnaires to assess 

physical activity (e.g., a series of questions to assess typical duration and frequency for different 

types of activity).  A score of 3 was given to studies that used physical activity diaries.  A score of 

4 was assigned to studies that used fitness measures or simple direct measures of physical activity 

such as those obtained by pedometers.  Finally, a score of 5 was given to those studies that used 

sophisticated direct measures of activity duration and intensity such as the use of accelerometers.   

This scoring system was developed based on recent literature that assessed the validity of 

physical activity measurement tools.
27, 28

    

2.4.2 A Priori Methods 

Numerous studies have examined associations between overall diet scores developed 

using a priori methods and chronic disease outcomes, as summarized in Table 1.  The results 

from a few of the more interesting studies are discussed and highlighted here.  In a study by 

McCullough and colleagues,
29

 the Healthy Eating Index, which assesses adherence to the Dietary 

Guidelines for Americans, was derived.  Results showed a reduced relative risk (RR) of CVD 

among men and women with higher Healthy Eating Index scores (RR: 0.80 and 0.89 in men and 

women, respectively, when comparing the highest vs. lowest quintiles).  A more recent study by 

McCullough and Willet,
30

 also using the Healthy Eating Index, produced similar results.  In their 

study, Kaluza and colleagues
31

 created a Recommended Food Score (RFS) based on dietary 

guidelines from the World Health Organization.  A high RFS compared with a low RFS was 

associated with a lower hazard ratio (HR) of all-cause mortality (HR: 0.81; 95% confidence 
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interval (CI): 0.71-0.91) and CVD mortality (HR: 0.71; 95% CI: 0.54-0.93).  A recent literature 

review
32

 concluded that while most studies using diet quality scores show associations between 

diet quality with morbidity and mortality risk, the relations are only modest in strength.     

2.4.3 A Posteriori Methods 

Several studies have used factor analysis and cluster analysis to identify dietary patterns 

associated with chronic disease and mortality risk.  Table 2 summarizes the findings of these 

studies.  Many of the studies outlined in Table 2 considered the relation between dietary patterns 

and type 2 diabetes.  Dietary patterns that were predictive of diabetes were similar between 

studies.  For example, Van Dam and colleagues
33

 found that a Western dietary pattern, 

characterized by high consumption of red meat, processed meat, French fries, high-fat dairy 

products, refined grains, and sweets and desserts, was a significant risk factor for type 2 diabetes 

(RR: 1.59, 95% CI: 1.32-1.93).  Gittelsohn and colleagues
34

 reported a strong positive relation 

between diabetes risk and a dietary pattern characterized by a high intake of junk food and bread 

and butter.  Conversely, there is a strong negative relation between the risk of type 2 diabetes and 

a dietary pattern high in vegetables, fruit, fish and pasta.
34, 35

   

Several studies recorded in Table 2 examined the risk of cardiovascular outcomes.  In a 

study by Quatromoni and colleagues
36

 that employed cluster analysis, a heart healthy cluster had 

the lowest overall CHD risk.  Compared with women in other clusters, women in the heart 

healthy cluster consumed more daily servings of vegetables, fruits and low fat milk, other low fat 

foods (non-fat and low fat dairy, skinless poultry, fish, whole grains, etc.), legumes, soups, and 

miscellaneous foods (including other vegetarian products and shellfish).  Conversely, Millen and 

colleagues
37

 found that an empty calorie cluster, consisting of high amounts of sweetened 

beverages and desserts, was associated with an increased risk of carotid atherosclerosis compared 

with a heart healthy cluster consuming high amounts of vegetables, fruits and low fat milk, low 
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fat foods, legumes, soups, and miscellaneous foods (odds ratio (OR): 2.28, 95% CI: 1.12-4.62).  

Studies using factor analysis also identified prudent patterns to be protective against coronary 

heart disease (CHD)
38, 39

 and overall CVD risk.
40

  The prudent patterns in theses studies consisted 

of such food groups as vegetables, fruit, legumes, whole grains, and fish. 

2.4.4 Reduced Rank Regression 

In 2004, Hoffmann introduced the method of RRR to nutritional epidemiology.
8
  Many 

recent studies have used the RRR technique to identify dietary patterns associated with chronic 

disease and all-cause mortality risk.  The results from these studies have been summarized in 

Table 3 and a few are discussed here.  Hoffmann and colleagues
7
 reported that a dietary pattern 

characterized by a high intake of meat, margarine, poultry, and sauce and a low intake of 

vegetarian dishes, wine, vegetables, and whole-grain cereals is associated with an increased risk 

of CHD.  After adjustment for known cardiovascular risk factors, the relative risks form the 

lowest to the highest quintiles of the pattern scores were 1.0, 1.1, 3.6, 6.2, and 12.3.  Nettleton 

and colleagues
41

 reported that subclinical atherosclerosis was related to a dietary pattern high in 

fats and oils, processed meats, and soda and low in fiber and micronutrients.  Finally, Weikert and 

colleagues,
42

 who studied two different German cohorts, found that a diet high in whole-grain 

bread, fresh fruit, olive oil, mushrooms, cruciferous vegetables, wine, and nuts but low in fried 

potatoes was associated with reduced risk of coronary artery disease.   

Diabetes has been tied to similar dietary patterns as those mentioned above for CHD.  

Schulze and colleagues
43

 found that a dietary pattern high in sugar-sweetened soft drinks, refined 

grains, diet soft drinks, and processed meat, but low in wine, coffee, cruciferous vegetables, and 

yellow vegetables was associated with a two to threefold increased risk of diabetes in women.  

Heidemann and colleagues
9
 identified that a diet characterized by a high intake of fresh fruit and 



18 

 

a low intake of high-caloric soft drinks, beer, red meat, poultry, processed meat, legumes and 

bread (excluding whole wheat) was protective against type 2 diabetes.   

Studies have also used RRR to examine the relationship between diet and cancer.  In a 

recent study by Schulz and colleagues
44

 a two-fold increased risk of breast cancer was observed 

in women who habitually consumed a diet characterized by processed meat, fish, butter and other 

animal fats, and margarine.  Similarly, McCann and colleagues
25

 reported that a diet characterized 

by refined grains, salty snacks, and added fats was associated with a two-fold increase in the risk 

of breast cancer among overweight pre-menopausal women.
25

 

I am aware of only one study that has used RRR to identify dietary patterns that increase 

the risk of mortality.  In an elderly German cohort, Hoffmann and colleagues
45

 found that a 

dietary pattern characterized by a high intake of fat and protein and a low intake of carbohydrates 

was associated with a 61% increased risk of all-cause mortality.  Food groups that contributed to 

this unfavourable pattern of energy sources were red meat, poultry, processed meat, butter, sauces 

and eggs, whereas a high intake of bread and fruits decreased the pattern score.  

Overall, results from the literature suggest that a dietary pattern characterized by a high 

intake of nutritious whole foods such as vegetables, fruits, and whole grains, provides some 

protection against chronic disease and premature mortality.  Conversely, dietary patterns that are 

high in fatty, processed foods increase an individual‟s risk of several chronic diseases and all-

cause mortality.   

2.4.5 Methodological Considerations 

As discussed earlier, some measurement methods have been shown to be more valid and 

reliable than others for recording dietary patterns such as the use of diet records over FFQs.
5, 6, 10-

12
  As shown in Tables 1-3, the majority of studies have used FFQs to assess dietary intake.  Only 

2 studies have used 3-day diet records
46, 47

 and only 1 has used 7-day diet records.
48
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Furthermore, certain data reduction techniques for the derivation of dietary patterns have been 

shown to be more robust than others contributing to overall study quality.
8
     

The measurement and inclusion of various confounding variables also influences study 

quality.  A confounder is a variable that is associated with both the exposure and the outcome but 

is not within the causal pathway.  When studying the diet-disease relationship many confounders 

need to be considered such as smoking and physical activity.  Failure to control for such factors 

may result in less accurate findings.  Therefore, proper measurement and consideration of 

possible confounding variables is essential.  Although most studies in the literature have found 

similar dietary patterns to be predictive and protective of chronic disease and mortality, careful 

inspection of the methods of these studies reveals that physical activity has not been properly 

accounted for.   

2.4.6 Consideration of Physical Activity as a Covariate 

It is well established that increased amounts of physical activity reduces the risk of 

diabetes,
49

 CVD,
50, 51

 certain forms of cancer,
52, 53

 and all-cause mortality.
52

  Furthermore, it has 

been reported that increased levels of physical activity are associated with a healthier dietary 

intake.
54

  This may be a result of health consciousness in that those who exercise more tend to be 

more concerned about their health and therefore also tend to eat healthier foods.  Whatever the 

case, physical activity clearly meets the criteria for confounding in studies of dietary patterns and 

health outcomes.   

While most studies assessing the relationship between dietary patterns and chronic 

disease risk have controlled for physical activity (Tables 1-3), the physical activity measures 

employed have been, without exception, based on self-reported questionnaires.  As shown in 

Tables 1-3, the highest physical activity measurement score assigned in this literature was a 2 out 
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of 5.  Therefore, no studies assessing the diet-disease relationship have used objective means of 

measuring physical activity.  Self-reported measures of physical activity, akin to those used in the 

studies outlined in the three summary tables, are only modestly correlated with objective 

measures of physical activity obtained using criterion methods.
55-57

  Thus, the confounding effects 

of physical activity on the relation between dietary patterns and chronic disease risk may not have 

been fully captured in the existing literature.  The lack of careful consideration of physical 

activity in studies may have resulted in the overestimation of risk estimates.   

Several objective approaches to measure physical activity are available.  For example, the 

use of pedometers and accelerometers are objective and produce more valid results than self-

reports.
28, 56

  Another approach to objectively determine a persons‟ recent physical activity level is 

to assess their cardiorespiratory fitness.
55, 58

  Direct assessment of cardiorespiratory fitness is 

often performed
 
by measuring peak oxygen uptake (peak VO2, L/min) during a maximal or 

submaximal aerobic exercise test.  Although fitness has a genetic component,
59

 fitness is in large 

measure a reflection of an individuals physical activity habits over recent months and weeks.
55, 60

  

While this method of measuring physical activity does not give specific information on the 

amount of time spent partaking in physical activity, it gives an objective representation of the 

individual‟s physical fitness which, as previously mentioned, is directly related to the amount of 

time spent participating in moderate-to-vigorously intense physical activity.  In studies assessing 

the relation between physical activity and disease, those using fitness as a measure have generally 

reported stronger effects than those using self report methods.
61

  For example in a study done by 

Kampert and colleagues, fitness was significantly associated with all-cause mortality in both men 

and women whereas physical activity was not.  The risk of all-cause mortality in the most fit 

quintile versus the least fit was 0.49 (95% CI: 0.37-0.64) in men and 0.37 (95% CI: 0.19-0.72) in 

women.  Conversely, the risk of all-cause mortality in the highest physical activity quintile versus 
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the lowest physical activity quintile was 0.92 (95% CI: 0.29-2.88) in men and 1.14 (95% CI:0.27-

4.80) in women.
62

          

 

2.5 Summary 

The relationship between dietary patterns with chronic disease and mortality risk has 

been extensively studied.  A variety of methods have been employed to determine dietary 

patterns.  RRR has recently been introduced into nutritional epidemiology and offers several 

advantages over previously employed methods.  In general, diets characterized by a high 

consumption of refined and processed foods increase the risk of chronic disease and mortality.  

However, careful examination of the existing studies reveals that the confounding effect of 

physical activity may not have been adequately controlled for due to poor measurement of this 

variable.  Future studies should consider using an objective measure of physical activity when 

examining the diet-disease relationship. 
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Table 1.  Summary of studies examining the relation between dietary patterns, identified using a priori methods, with chronic disease and mortality 

Study population 

(gender) 

Study 

type, 

sample 

size (n) 

Age range 

 

Risk factors controlled 

for 

Diet 

measure 

PA 

measure 

rating 0-5
†
 

Disease Pattern(s) Identified and Associated Risk for Morbidity and Mortality  

Belgian 

Interuniversity 

Research on 

Nutrition and 

Health (men & 

women) 63 

Cohort 

11,193 

 

24-74 Age, education, smoking, 

alcohol, hypertension, 

coronary artery disease, 

diabetes, cholesterol, BMI 

1-day diet 

record 

0 Healthy food and nutrient index pattern Belgium, HR (95% CI) 

All-cause mortality men: 1.68 (1.19-2.37), 1.68 (1.32-2.14), 1.33 (1.06-1.65), 1.00 

All-cause mortality women: 1.05 (0.58-1.87), 1.15 (0.75-1.53), 1.20 (0.85-1.57), 1.00 

Healthy food and nutrient index pattern Dutch, HR (95% CI) 

All-cause mortality men: 1.19 (0.74-1.91), 1.55 (1.14-2.11), 1.23 (0.91-1.58), 1.00 

All-cause mortality women: 1.33 (0.65-2.73), 1.14 (0.72-1.79), 1.13 (0.76-1.68), 1.00 

Healthy food and nutrient index pattern French, HR (95% CI) 

All-cause mortality men: 2.73 (1.63-4.60), 2.00 (1.37-2.97), 1.66 (1.15-2.40), 1.00 

All-cause mortality women: 0.72 (0.27-1.91), 1.14 (0.68-1.90), 1.22 (0.75-1.99), 1.00 

Finland, Italy, and 

Netherlands 

Cohorts (men & 

women) 64 

Cohort 

3,045 

 

50-70 Age, smoking, alcohol 3-day diet 

record 

0 Healthy diet indicator, HR (95% CI) 

All-cause mortality: 1.00, 0.99 (0.87-1.11), 0.87 (0.77-0.98) 

Cohort of Swedish 

Men (men) 31 

Cohort 

40,837 

 

45-79 Age, marital status, 

education, self reported 

health status, smoking, 

dietary supplement, PA, 

waist to hip ratio, alcohol, 

caloric intake 

FFQ 2 Recommended food score, HR (95% CI) 

All-cause mortality: 1.00, 0.92 (0.85-1.00), 0.81 (0.71-0.91) 

CVD mortality: 1.00, 0.92 (0.78-1.07), 0.71 (0.54-0.93) 

Cancer mortality: 1.00, 1.03 (0.86-1.24), 1.09 (0.84-1.41) 

Non-Recommended food score, HR (95% CI): 

All-cause mortality: 1.00, 1.04 (0.96-1.14), 1.21 (1.09-1.34) 
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CVD mortality: 1.00, 1.04 (0.88-1.22), 1.27 (1.05-1.54) 

Cancer mortality: 1.00, 0.94 (0.78-1.13), 1.17 (0.94-1.46) 

National Health 

Interview Survey 

(men& women) 65 

Cohort 

10,084 

 

≥45 Age, year of survey, race, 

BMI, education, smoking, 

dietary supplement, 

alcohol, caloric intake 

FFQ 0 Recommended food and behavior score, RR (95% CI) 

All-cause mortality men: 1.00, 0.88 (0.72-1.08), 0.84 (0.68-1.03), 0.72 (0.56-0.92) 

All-cause mortality women: 1.00, 0.95 (0.76-1.18), 0.80 (0.64-1.02), 0.80 (0.61-1.04) 

Breast Cancer 

Detection and 

Demonstration 

Project (women) 66 

Cohort 

42,254 

 

40-93 Age, education, race, 

smoking, alcohol, BMI, 

caloric intake, history of 

cancer, coronary artery 

disease,  diabetes, hormone 

replacement therapy, PA 

FFQ 1 Recommended Food Score, RR (95% CI) 

 All-cause mortality: 1.00, 0.77 (0.67-0.88), 0.71 (0.61-0.82), 0.66 (0.57-0.76) 

Cancer mortality: 1.00,  0.82 (0.68-0.98), 0.75 (0.62-0.92), 0.60 (0.49-0.74) 

CHD mortality: 1.00, 0.75 (0.55-1.04), 0.70 (0.49-1.00), 0.67 (0.47-0.95) 

Stroke mortality: 1.00, 0.76 (0.48-1.18), 0.54 (0.32-0.93), 0.58 (0.35-0.96) 

Healthy Ageing: a 

Longitudinal study 

in Europe (men & 

women) 46 

Cohort 

3,117 

 

70-90 Age, gender, alcohol, PA, 

smoking, education, BMI, 

chronic disease at baseline, 

study center 

FFQ and 3-

day diet 

record 

2 Mediterranean diet score, HR (95% CI) 

All-cause mortality: 1.00, 0.82 (0.75-0.91)  

Mediterranean adequacy index, HR (95% CI)  

All-cause mortality: 1.00, 0.83 (0.75-0.92) 

Healthy diet indicator, HR (95% CI): 

All-cause mortality: 1.00, 0.89 (0.81-0.98) 

Scandinavian 

Women‟s Lifestyle 

and Health Cohort 

(women) 67 

Cohort 

42,237 

 

30-49 Age, education, height, 

BMI, PA, smoking, 

alcohol, caloric intake, 

potato intake, egg intake, 

polyunsaturated lipid 

intake, sweet intake, non-

FFQ 1 Mediterranean diet score, HR (95% CI) 

All cause mortality: 1.00, 0.93 (0.78-1.13), 0.85 (0.67-1.08) 

Cancer mortality: 1.00, 0.91 (0.69-1.18), 0.80  (0.57-1.13) 
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alcoholic beverage intake 

Norwegian sample 

(men & women) 68 

Case-

control 

106 cases; 

105 

controls 

45-75 Age, marital status, 

education, family coronary 

artery disease, smoking, 

caloric intake 

FFQ 0 Diet score, OR (95% CI) 

Myocardial infarction: 1.00, 0.38 (0.15-0.95), 0.50 (0.19-1.27), 0.30 (0.09-1.02), 0.42 

(0.13-1.33) 

Nurses Health 

Study (women) 69 

Cohort 

67,272 

33-55 Age, smoking, time period, 

BMI, alcohol, PA, 

hypertension, high 

cholesterol, caloric intake, 

menopausal status, 

hormone replacement 

therapy 

FFQ 2 Healthy eating index, RR (95% CI) 

Major Chronic Disease: 1.00, 0.99 (0.92-1.07), 1.01 (0.93-1.09), 1.00 (0.92-1.08), 0.97 

(0.89-1.06) 

Cardiovascular Disease: 1.00, 0.92 (0.79-1.08), 0.90 (0.76-1.06), 0.88 (0.74-1.04), 0.86 

(0.72-1.03) 

Cancer: 1.00, 1.01 (0.92-1.10), 1.05 (0.96-1.14), 1.03 (0.94-1.13), 1.02 (0.93-1.12) 

Health 

Professional‟s 

Follow-up Study & 

Nurses Health 

Study (men & 

women) 29 

Cohort 

10,5886 

30-75 Age, smoking, time period, 

BMI, PA, caloric intake, 

hypertension, high 

cholesterol 

FFQ 2 Healthy eating index, RR (95% CI) 

Major chronic disease: 1.00, 0.96 (0.86-1.07), 0.88 (0.79-0.99), 0.79 (0.71-0.89), 0.80 

(0.71-0.91) 

CVD: 1.00, 0.85 (0.71-1.00), 0.79 (0.66-0.95), 0.67 (0.56-0.81), 0.61 (0.49-0.75) 

Cancer: 1.00, 1.10 (0.94-1.28), 0.99 (0.85-1.16), 0.94 (0.80-1.10), 1.03 (0.87-1.22) 

Recommended food score, RR (95% CI) 

Major chronic disease: 1.00, 0.95 (0.88-1.03), 0.98 (0.90-1.05), 1.02 (0.94-1.10), 0.98 

(0.90-1.06) 

CVD: 1.00, 0.95 (0.81-1.12), 0.85 (0.72-1.01), 1.02 (0.86-1.20), 0.90 (0.75-1.08) 

Cancer: 1.00, 0.94 (0.86-1.03), 1.03 (0.95-1.13), 1.04 (0.95-1.13), 1.00 (0.92-1.11) 
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Health 

Professionals 

Follow-up Study 

(men) 70 

Cohort 

38,622 

40-75 Age, smoking, time period, 

BMI, alcohol, PA, history 

of hypertension or 

hypercholesterolemia at 

baseline, caloric intake 

FFQ 2 Healthy eating index, RR (95% CI): 

Major chronic disease: 1.00, 0.95 (0.85-1.06), 0.87 (0.78-0.97), 0.77 (0.69-0.87), 0.89 

(0.79-1.00) 

CVD: 1.00, 0.68 (0.73-1.03), 0.74 (0.62-0.89), 0.63 (0.52-0.76), 0.72 (0.60-0.88) 

Cancer: 1.00, 1.01 (0.86-1.18), 1.06 (0.91-1.24), 0.99 (0.85-1.17), 1.12 (0.95-1.31) 

Mammography 

Screening Cohort 

(women) 71 

Cohort 

59,038 

40-76 Age, height, BMI, parity, 

age at first birth, education, 

marital status, alcohol, 

caloric intake 

 

 

 

FFQ 0 Recommended food score, HR (95% CI): 

All-cause mortality: 1.00, 0.79 (0.70-0.88), 0.71 (0.63-0.80), 0.64 (0.57-0.72), 0.58 

(0.50-0.68) 

Non-recommended food score, HR (95% CI): 

All-cause mortality: 1.00, 1.00 (0.90-1.11), 0.98 (0.88-1.09), 0.98 (0.87-1.11), 1.07 

(0.88-1.31) 

Danish World 

Health 

Organization- 

MONICA Survey 

(men & women) 72 

Cohort 

9,316 

30-70 Smoking, PA, education, 

BMI, alcohol  

FFQ 1 Healthy food index, HR (95%CI) 

Coronary heart disease: 1.00, 1.10 (0.77-1.56), 1.27 (0.89-1.83), 1.21 (0.80-1.82) 

Nurses Health 

Study (women) 73 

Cohort 

8,4129 

30-55 BMI, alcohol, smoking, 

PA, time period, parental 

history of  myocardial 

infarction, menopausal 

status, hormone 

replacement therapy, 

history of hypertension, 

history of high cholesterol 

FFQ 2 Diet score, RR (95% CI) 

Coronary events : 1.90 (1.55-2.34), 1.50 (1.21-1.88), 1.57 (1.29-1.91), 1.23 (0.98-

1.55), 1.00 
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Danish World 

Health 

Organization-

MONICA Survey 

(men & women) 40 

Cohort 

7,316 

30-70 Smoking, PA, alcohol, 

education, BMI 

FFQ 1 Healthy food index, RR (95% CI) 

All-cause mortality men: 1.00, 0.73 (0.56-0.98), 0.78 (0.59-1.02), 0.82 (0.58-1.14) 

All-cause mortality women: 1.00, 0.80 (0.53-1.20), 0.71 (0.46-1.07), 0.82 (0.54-1.25) 

Washington 

Heights-Inwood 

Columbia Aging 

Project (men & 

women)74 

Cohort 

2,258 

71-84 Age, education, caloric 

intake, BMI, year, gender, 

smoking, race 

FFQ 0 Mediterranean diet score, HR(95% CI) 

Alzheimer‟s disease: 1.00, 0.85 (0.63-1.16), 0.60 (0.42-0.87) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition Study 

(men & women)48 

Cohort 

74,607 

>60 Age, gender, diabetes, 

waist to hip ratio, BMI, 

education, smoking, PA at 

work, PA at leisure, potato 

intake, egg intake, sugar 

intake, caloric intake 

FFQ or 7-

day or 14 -

day record 

(depending 

on study 

center) 

2 Modified Mediterranean diet score, RR (95% CI) 

All-cause mortality: 1.00, 0.93 (0.87-1.01), 0.91 (0.82-1.02) 

Greek component 

of the European 

Prospective 

Investigation Into 

Cancer and 

Nutrition (men & 

women)75 

Cohort 

1,302 

20-86 Age, gender, hypertension, 

cholesterol, diabetes, waist 

to hip ratio, PA, education, 

smoking, BMI, potato 

intake, egg intake, caloric 

intake 

FFQ 2 Mediterranean diet score, RR (95% CI) 

All-cause mortality: 1.00, 0.73 (0.58-0.93) 

National Institutes 

of Health Diet and 

Health Study (men 

Cohort 

380,296 

50-71 Age, race, caloric intake, 

BMI, education, marital 

status, hormone 

replacement therapy, 

24h recall 

and FFQ 

1 Mediterranean diet score, RR (95% CI) 

All cause mortality men: 1.00, 0.91 (0.88-0.94), 0.79 (0.76-0.83) 

All cause mortality women: 1.00, 0.89 (0.85-0.93), 0.80 (0.75-0.85) 
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& women)76 smoking, PA Cancer mortality men: 1.00, 0.86 (0.80-0.93), 0.83 (0.76-0.91) 

Cancer mortality women: 1.00, 0.93 (0.85-1.02), 0.88 (0.78-1.00) 

Cardiovascular disease mortality men: 1.00, 0.95 (0.86-1.04), 0.78 (0.69-0.87) 

Cardiovascular disease mortality women: 1.00, 0.85 (0.74-0.98), 0.81 (0.68-0.97) 

Nurses Health 

Study (women)77 

Cohort 

88,517 

34-59 Age, smoking, BMI, 

menopausal status, 

hormone replacement 

therapy, caloric intake, 

multivitamin, alcohol, 

family history, PA, aspirin 

FFQ 2 DASH score, RR (95% CI) 

Stroke: 1.00, 0.92 (0.81-1.05), 0.91 (0.80-1.03), 0.89 (0.78-1.02), 0.82 (0.71-0.94) 

CHD mortality: 1.00, 1.11 (0.92-1.35), 1.02 (0.84-1.24), 0.80 (0.65-0.99), 0.71 (0.58-

0.89) 

Total CHD: 1.00, 0.99 (0.89-1.11), 0.86 (0.76-0.96), 0.87 (0.78-0.98), 0.76 (0.67-0.85) 

American Cancer 

Society Cancer 

Prevention Study II 

Nutrition Cohort 

(men & women)78 

Cohort 

115,833 

50-79 Age, gender, occupation, 

education, smoking, PA, 

alcohol, dietary 

supplement, aspirin 

FFQ 2 Diet quality index, RR (95% CI) 

All-cause mortality: 1.00, 1.06 (0.85-1.31), 1.08 (0.88-1.33), 1.17 (0.96-1.44), 1.19 

(0.94-1.49) 

Circulatory disease mortality: 1.00, 1.29 (0.91-1.85), 1.13 (0.80-1.61), 1.19 (0.85-

1.68), 1.18 (0.80-1.74) 

Cancer mortality: 1.00, 0.85 (0.60-1.21), 1.04 (0.75-1.45), 0.99 (0.72-1.38), 0.92 (0.63-

1.34) 

Breast Cancer 

Detection 

Demonstration 

Project (women)79 

Cohort 

42,254 

Mean 61 

(no range 

reported) 

Education, race, smoking, 

alcohol, BMI, caloric 

intake, history cancer, heart 

disease, diabetes, hormone 

replacement therapy, PA 

FFQ 1 Recommended food score, RR (95% CI) 

All-cause mortality: 1.00, 0.87 (0.80-0.95), 0.78 (0.71-0.86), 0.80 (0.73-0.88) 

Cancer mortality: 1.00, 0.88 (0.76-1.01), 0.83 (0.71-0.97), 0.74 (0.63-0.86) 

CHD mortality: 1.00, 0.79 (0.61-1.03), 0.76 (0.56-1.01), 0.75 (0.57-1.00) 

Stroke mortality: 1.00, 0.91 (0.66-1.28), 0.63 (0.42-0.95), 0.71 (0.49-1.03) 
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Health 

Professionals 

Follow Up Study & 

Nurses‟ Health 

Study (men & 

women)80 

Cohort 

131,368 

40-75 Age, smoking, BMI, 

nonsteroidal anti-

inflammatory drugs, caloric 

intake, caffeine 

FFQ 0 Alternate health eating index, RR (95% CI) 

Parkinson‟s disease men: 1.00, 0.98 (0.68-1.42), 0.98 (0.68-1.41), 0.77 (0.53-1.14), 

0.68 (0.46-1.02) 

Parkinson‟s disease women: 1.00, 0.56 (0.34-0.94), 0.98 (0.63-1.51), 0.64 (0.40-1.03), 

0.71 (0.45-1.13) 

Alternate Mediterranean diet score, RR (95% CI) 

Parkinson‟s disease men: 1.00, 1.02 (0.68-1.52), 1.13 (0.78-1.65), 1.04 (0.71-1.54), 

0.84 (0.58-1.22) 

Parkinson‟s disease women: 1.00, 0.66 (0.42-1.04), 0.54 (0.33-0.86), 0.67 (0.42-1.05), 

0.66 (0.43-1.00) 

Nurses Health 

Study (women)81 

Cohort 

71,058 

30-55 Age, BMI, PA, age at 

menopause, hormone 

replacement therapy, 

smoking, caloric intake, 

family history, weight 

change, multivitamin, 

history of benign breast 

disease, weight at age 18, 

alcohol 

FFQ 2 Healthy eating index, RR (95% CI) 

Breast cancer: 1.00, 1.06 (0.95-1.19), 0.97 (0.87-1.09), 1.01 (0.90-1.14), 1.04 (0.92-

1.18) 

Adjusted healthy eating index, RR (95% CI) 

Breast cancer: 1.00, 1.01 (0.90-1.12), 0.93 (0.83-1.03), 0.97 (0.87-1.09), 0.99 (0.88-

1.11) 

Revised diet quality index , RR (95% CI) 

Breast cancer: 1.00, 1.02 (0.91-1.15), 0.95 (0.85-1.07), 1.00 (0.89-1.12), 1.03 (0.91-

1.16) 

Recommended food score, RR (95% CI) 

Breast cancer: 1.00, 0.99 (0.88-1.10), 1.01 (0.90-1.12), 1.07 (0.96-1.20), 0.98 (0.87-

1.11) 

Adjusted Mediterranean food score, RR (95% CI) 
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Breast cancer: 1.00, 0.92 (0.83-1.03), 0.89 (0.80-1.00), 0.94 (0.84-1.05), 0.98 (0.88-

1.10) 

Spanish cohort of 

elderly volunteers 

(men & women)82 

Cohort 

161 

65-95 Age, gender, total diet 

score, BMI, albumin 

concentration, PA, self-

assessed health, dieting for 

chronic conditions 

FFQ 1 Mediterranean diet score, HR (95% CI) per 1 unit increase in diet score 

All-cause mortality:  <80 years of age: 0.69 (0.43-0.93) 

All-cause mortality: > 80 years of  age: 1.24 (0.60-2.53) 

Melbourne 

Australia cohort 

(men & women)83 

Cohort 

330 

>70 Age, gender, smoking, race FFQ 0 Mediterranean diet score, HR (95% CI) per 1 unit increase in diet score 

All-cause mortality: 0.83 (0.67-1.02) 

Greek segment 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women)84 

Cohort 

25,623 

40-75 Age, education, smoking, 

BMI, height, PA, 

supplement use, caloric 

intake, potato intake, egg 

intake, confectionary 

intake, alcohol 

FFQ 2 Mediterranean diet score, HR (95% CI) 

Cancer mortality men: 1.00, 0.96 (0.76-1.20), 0.83 (0.63-1.09), 0.91 (0.80-1.02) 

Cancer mortality women: 1.00, 0.74 (0.59-0.92), 0.73 (0.56-0.96), 0.84 (0.74-0.95) 

Nutrition and 

Health Program 

(men & women)85 

Cohort 

4,976 

35-60 Age, smoking, education, 

caloric intake, menopausal 

status, parity, dietary 

supplement 

1-day 

record 

every 2 

months for 

1 year 

0 French score of indicators of PNNS objectives, HR (95% CI) 

Chronic disease mortality men: 1.00, 0.78 (0.57-1.05), 0.64 (0.44-0.96) 

Chronic disease mortality women: 1.00, 0.96 (0.70-1.31), 0.93 (0.64-1.36) 

Iowa Women‟s 

Health Study 

(women)86 

Cohort 

34,708 

55-69 Age, caloric intake, 

smoking, hormone use, 

history of benign breast 

disease, family history 

FFQ 0 Dietary guidelines index, RR (95% CI) 

Cancer mortality: 1.00, 0.95 (0.87-1.05), 0.88 (0.80-0.97), 0.88 (0.80-0.96), 0.85 (0.77-

0.93) 
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Abbreviations: CI (confidence interval), BMI (body mass index), FFQ (food frequency questionnaire), PA (physical activity) 
†
Score of 0 = no consideration for the confounding effects of physical activity; Score of 1 =  use of a simple questionnaire to assess physical activity (e.g., 1 or 2 questions);  Score of 2 =  use of more 

complex questionnaires to assess physical activity (e.g., a series of questions to assess typical duration and frequency for different types of activity);  Score of 3 = use of  physical activity diaries; Score 
of 4 = use of fitness measures or simple direct measures of physical activity such as pedometers; Score of 5 = use of sophisticated direct measures of activity duration and intensity such as the  use of 

accelerometers.    
 

breast cancer, high blood 

pressure, education, height, 

age at first pregnancy, 

marital status, history of 

blood transfusion, diabetes, 

age at menopause, family 

history ovarian cancer, 

parity 

Three Greek 

Villages (men & 

women)87 

Cohort 

182 

>70 Age, gender, smoking, total 

diet score 

FFQ 0 Diet score, rate ratio (95% CI ) per 1 unit increase in diet score 

All-cause mortality: 0.83 (0.69-0.99) 

SENECA study 

(men& women)47 

Cohort 

202 

Mean 73.4 

(no range 

reported) 

Age, gender, smoking 3-day 

record and 

FFQ 

0 Diet score, rate ratio (95% CI) per 1 unit increase in diet score 

All-cause mortality: 0.79 (0.64-0.98) 

Nova Scotia 

Nutrition Survey 

(men & women)88 

Cohort 

2,108 

18-74 age, smoking, diabetes, 

alcohol, BMI, education, 

caloric intake 

24h recall 0 Diet score, OR (95% CI) 

Cancer men: 1.00, 0.71 (0.39-1.32), 0.52 (0.23-1.18), 0.81 (0.40-1.64) 

Cancer women: 1.00, 0.81 (0.41-1.59), 0.62 (0.30-1.27), 0.94 (0.44-2.00) 
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Table 2.  Summary of studies examining the relation between dietary patterns, identified using a posteriori methods, with chronic disease and mortality 

Study population 

(gender) 

Study type, 

sample size 

(n) 

Age 

range 

 

Risk factors controlled 

for 

Diet measure PA 

measure 

rating   

0-5
†
 

Dietary Pattern(s) Identified and Associated Risk for Morbidity and Mortality 

Studies using principle component and factor analysis to identify dietary patterns 

Chinese residents 

of Selangor and 

Malaysia (men & 

women)89 

Case-

control 

282 cases; 

282 

controls 

Mean 45 

(range not 

reported) 

Age, gender, social class, 

smoking, alcohol 

FFQ 0 Fresh fruit and vegetable pattern, OR (p-value) 

Nasopharyngeal cancer: 1.00, 0.55 (0.0001) 

Salted preserved food pattern, OR (p-value) 

Nasopharyngeal cancer: 1.00, 1.17 (<0.0001) 

Organ meats pattern, OR (p-value) 

Nasopharyngeal cancer: 1.00, 1.57 (0.0009) 

Alcohol pattern, OR (p-value)  

Nasopharyngeal cancer: 1.00, 1.48 (0.0032) 

Nurses Health 

Study (women) 90 

Cohort 

69,554 

38-63 Age, family history of 

diabetes, high cholesterol, 

smoking, menopausal 

status, caloric intake, 

hypertension, PA, 

alcohol, BMI, missing 

food frequency 

questionnaire 

FFQ 2 Prudent pattern, RR (95% CI) 

Diabetes: 1.00, 0.93 (0.83-1.06), 0.80 (0.70-0.91), 0.88 (0.77-1.00), 0.89 (0.78-1.02) 

Western Pattern, RR (95% CI) 

Diabetes: 1.00, 1.21 (1.05-1.38), 1.35 (1.17-1.56), 1.33 (1.14-1.55), 1.49 (1.26-1.76) 

Nurses Health 

Study (women)91  

Cohort 

7,176 

38-63 Age, smoking, BMI, 

menopausal status, 

aspirin, caloric intake, 

alcohol, PA 

FFQ 2 Prudent pattern, RR (95% CI) 

Stroke: 1.00, 0.93, 1.04, 0.87, 0.78 (0.61-1.01) 

Western Pattern, RR (95% CI) 
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Stroke: 1.00, 1.18, 1.27, 1.41, 1.58 (1.15-2.15) 

Nurses Health 

Study (women) 38 

Cohort 

69,017 

38-63 Age, time period, 

smoking, BMI, hormone 

replacement therapy, 

aspirin, caloric intake, 

hypertension, 

multivitamin and  vitamin 

E use, PA 

FFQ 2 Prudent pattern, RR (95% CI) 

CHD: 1.00, 0.95 (0.78-1.17), 0.83 (0.67-1.03), 0.76 (0.61-0.96), 0.76 (0.60-0.98) 

Western pattern, RR (95% CI) 

CHD: 1.00, 1.01 (0.80-1.27), 1.10 (0.86-1.42), 1.26 (0.96-1.66), 1.46 (1.07-1.99) 

Nurses Health 

Study (women) 92 

Cohort 

71,058 

30-55 Age, smoking, 

multivitamin use, caloric 

intake, PA, family history 

of barest cancer, history 

of benign breast disease, 

duration of menopause, 

age at menopause, 

hormone replacement 

therapy, age at menarche, 

parity, age at first birth, 

BMI, weight change 

since age 18, height, 

alcohol 

FFQ 2 Prudent pattern, RR (95% CI) 

Breast cancer: 1.00, 0.99 (0.74-1.33), 0.72 (0.53-0.99), 0.80 (0.59-1.10), 0.62 (0.45-0.88) 

Western pattern, RR (95% CI) 

Breast cancer: 1.00, 1.18 (0.86-1.62), 1.16 (0.82-1.64), 1.19 (0.82-1.74), 1.18 (0.77-1.82) 

Sandy Lake Health 

and Diabetes 

Project (men & 

women) 34 

Cohort 

721 

23-51 

 

Age, gender FFQ 0 Vegetable pattern, OR (95% CI) 

Diabetes: 1.00, 0.84 (0.41-1.71), 0.52 (0.26-1.06), 0.86 (0.42-1.75) 

Junk food pattern, OR (95% CI) 

Diabetes: 1.00, 1.68 (0.91-3.08), 1.56 (0.82-2.99), 2.40 (1.13-5.10) 

Bush food pattern, OR (95% CI) 
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Diabetes: 1.00, 0.69 (0.34-1.41), 0.68 (0.33-1.40), 0.59 (0.29-1.21) 

Breakfast food pattern, OR (95% CI) 

Diabetes: 1.00, 1.19 (0.62-2.29), 0.80 (0.42-1.52), 0.83 (0.42-1.65) 

Hot meal food pattern, OR (95% CI) 

Diabetes: 1.00, 1.31 (0.62-2.75), 1.17 (0.58-2.38), 0.99 (0.48-2.05) 

Tea food pattern, OR (95% CI)  

Diabetes: 1.00, 1.47 (0.73-3.00), 0.94 (0.47-1.86), 0.89 (0.47-1.66) 

Bread and butter pattern, OR (95% CI) 

Diabetes: 1.00, 2.30 (1.19-4.45), 2.65 (1.38-5.09), 2.22 (1.22-4.41) 

Ontario portion of 

Enhanced Cancer 

Surveillance (men 

& women) 93 

Case-

control 

461 cases; 

1,588 

controls 

20-74 Age, smoking, BMI FFQ 0 Dessert pattern, OR (95% CI) 

Renal cell carcinoma men: 1.00, 2.1 (1.1-4.0), 3.3 (1.8-6.1), 3.7 (2.0-6.8) 

Renal cell carcinoma women: 1.00, 0.6 (0.3-1.0), 1.2 (0.7-2.0), 1.4 (0.8-2.2) 

Unhealthy pattern, OR (95% CI) 

Renal cell carcinoma women: 1.00, 1.1 (0.6-1.8), 2.1 (1.3-3.4), 1.4 (0.8-2.4) 

Juice pattern OR (95% CI)  

Renal cell carcinoma men: 1.00, 0.8 (0.5-1.5), 2.2 (1.3-3.8), 1.7 (1.0-3.1) 

Beef pattern OR (95% CI) 

Renal cell carcinoma men: 1.00, 0.9 (0.5-1.5), 1.8 (1.0-3.1), 1.0 (0.6-1.7) 

Nurses Health 

Study (women)  94 

Cohort 

72,113 

30-55 Age, follow up period, 

BMI, PA, smoking, 

hormone replacement 

therapy, hypertension, 

FFQ 2 Prudent pattern, HR (95% CI) 

CVD mortality: 1.00, 0.78 (0.65-0.93), 0.85 (0.71-1.01), 0.69 (0.57-0.83), 0.72 (0.60-

0.87) 
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multivitamin use, missing 

FFQ during follow up, 

caloric intake 

Cancer mortality: 1.00, 0.92 (0.82-1.03), 0.93 (0.83-1.05), 0.96 (0.85-1.07), 0.98 (0.87-

1.10) 

All-cause mortality: 1.00, 0.85 (0.78-0.92), 0.84 (0.78-0.91), 0.81 (0.74-0.88), 0.83 (0.76-

0.90) 

Western pattern, HR (95% CI) 

CVD mortality: 1.00, 0.98 (0.81-1.19), 1.13 (0.93-1.36), 1.20 (0.99-1.45), 1.22 (1.01-

1.48) 

Cancer mortality: 1.00, 0.99 (0.88-1.11), 1.11 (0.99-1.25), 1.11 (0.99-1.24), 1.16 (1.03-

1.30) 

All-cause mortality: 1.00, 1.00 (0.92-1.08), 1.10 (1.02-1.20), 1.16 (1.06-1.26), 1.21 (1.12-

1.32) 

Melbourne 

Collaborative 

Cohort Study (men) 

95 

Cohort 

31,641 

27-75 Age, gender, caloric 

intake, family history of 

diabetes, country of birth, 

quintiles of other factor 

scores, BMI, waist-to-hip 

ratio 

FFQ 2 Olive oil and legume pattern, OR (95% CI) 

Diabetes: 1.00, 1.13 (0.78-1.72), 1.24 (0.83-1.86), 1.23 (0.80-1.89), 1.12 (0.71-1.77) 

Vegetable pattern, OR (95% CI)  

Diabetes: 1.00, 0.85 (0.63-1.16), 0.66 (0.46-0.96), 0.76 (0.52-1.10), 0.83 (0.56-1.23) 

Meat and pastries pattern, OR (95% CI) 

Diabetes: 1.00, 1.53 (1.00-2.33), 1.59 (1.05-2.41), 1.45 (0.94-2.23), 1.65 (1.03-2.63) 

Fruit pattern, OR (95% CI) 

Diabetes: 1.00, 1.28 (0.90-1.82), 1.15 (0.79-1.67), 1.14 (0.78-1.66), 1.18 (0.81-1.71) 

Health 

Professionals 

Follow-up Study 

(men) 39 

Cohort 

44,875 

40-75 Age, BMI, time period, 

smoking, parental history 

of myocardial infarction, 

multivitamin and vitamin 

E use, alcohol, 

FFQ 2 Prudent pattern, RR (95% CI) 

CHD: 1.00, 0.87 (0.73-1.05), 0.79 (0.66-0.96), 0.75 (0.62-0.92), 0.70 (0.56-0.86) 
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hypertension, PA, caloric 

intake, occupation 

National Health 

Interview Survey 65 

Cohort 

10,084 

≥45 Age, year of survey, race, 

BMI, education, 

smoking, dietary 

supplements, alcohol, 

caloric intake 

FFQ 0 Fruit, vegetable, and whole grain pattern, HR (95% CI): 

All-cause mortality men: 1.00, 0.92 (0.74-1.13), 0.84 (0.68-1.06), 0.74 (0.57-0.95) 

All-cause mortality women: 1.00, 0.89 (0.72-1.08), 0.81 (0.64-1.02), 0.87 (0.67-1.11) 

 

Athens, Greece 

(men & women) 96 

Case-

control 

113 cases; 

138 

controls 

29-61 Age, gender, BMI, 

caloric intake, 

questionnaire 

identification index 

FFQ 0 Fruit pattern, OR (p-value) 

Thyroid cancer: 1.00, 0.68 (0.01) 

Raw vegetable pattern, OR (p-value) 

Thyroid cancer: 1.00, 0.71 (0.02) 

Mixed vegetable and fruit pattern, OR (p-value) 

Thyroid cancer: 1.00, 0.73 (0.04) 

Diet and Heart 

Disease in Costa 

Rica (men and 

women) 97 

Case-

control 

496 cases; 

518 

controls 

46-68 Age, gender, area of 

residence, caloric intake, 

smoking, household 

income, PA, waist-to-hip 

ratio, diabetes, 

hypertension 

FFQ 2 Vegetable pattern,  OR (95% CI) 

Myocardial infarction: 1.00, 0.89 (0.58-1.37), 1.08 (0.69-1.70), 1.17 (0.72-1.92), 0.92 

(0.57-1.50) 

Staple pattern, OR (95% CI)   

Myocardial infarction: 1.00, 2.42 (1.44-4.08), 3.55 (2.05-6.15), 3.21 (1.8-5.57), 3.53 

(1.98-6.31) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

Cohort 

5,611 

≥60 Age, gender, BMI, waist 

circumference, smoking, 

education, civil status, 

hypertension, PA, caloric 

FFQ 2 Prudent pattern, HR (95% CI) 

All-cause morality: 1.00, 0.99 (0.63-1.54), 0.93 (0.58-1.51), 0.85 (0.47-1.53 

Pasta & Meat pattern, HR (95% CI) 
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women) 98 intake All-cause mortality: 1.00, 1.07 (0.67-1.70), 0.99 (0.59-1.64), 1.37 (0.80-2.34) 

Olive oil & salad pattern, HR (95% CI) 

All-cause mortality: 1.00, 0.78 (0.50-1.21), 0.76 (0.48-1.20), 0.50 (0.29-0.86) 

Sweet & dairy pattern, HR (95% CI) 

All-cause mortality: 1.00, 0.90 (0.56-1.45), 0.87 (0.52-1.45), 1.47 (0.85-2.54) 

The Finnish Mobile 

Clinic Health 

Examination 

Survey (men & 

women) 99 

Cohort 

4,304 

40-69 Age, gender, BMI, 

caloric intake, smoking, 

family history of 

diabetes, geographic area, 

cholesterol, hypertension 

FFQ 0 Prudent pattern, RR (95% CI)  

Diabetes: 1.00, 0.88 (0.66-1.17), 0.79 (0.59-1.06), 0.72 (0.53-0.97) 

Conservative pattern, RR (95% CI)   

Diabetes: 1.00, 1.29 (0.96-1.74), 1.33 (0.99-1.79), 1.49 (1.11-2.00) 

Central Italy (men 

& women)100 

Case-

control 

382 cases; 

561 

controls 

Not 

specified 

Age, gender, social class, 

family history of gastric 

cancer, area of residence, 

BMI, caloric intake 

FFQ 0 Vitamin rich pattern, OR (95% CI) 

Gastric cancer: 1.00, 0.6 (0.4-0.9), 0.5 (0.4-0.7) 

Traditional pattern, OR (95% CI) 

Gastric cancer: 1.00, 2.2 (1.5-3.4), 3.0 (1.8-4.8) 

Refined pattern, OR (95% CI) 

Gastric cancer: 1.00, 1.1 (0.8-1.5), 1.2 (0.8-1.7) 

Fat-rich pattern, OR (95% CI) 

Gastric cancer: 1.00, 0.9 (0.6-1.2), 0.8 (0.5-1.1) 

Ohsaki National 

Health Insurance 

Cohort (men & 

women) 101 

Cohort 

40,547 

40-79 Age, gender, smoking, 

PA, education, caloric 

intake, BMI, 

hypertension 

FFQ 1 Japanese  pattern,  HR (95% CI) 

CVD mortality: 1.00, 0.77 (0.63-0.94), 0.71 (0.58-0.88), 0.74 (0.59-0.91) 

Animal food pattern, HR (95% CI) 
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CVD mortality: 1.00, 0.93 (0.76-1.13), 1.14 (0.93-1.39), 1.24 (1.00-1.54) 

High dairy, high fruit & vegetable  pattern, HR (95% CI)   

CVD mortality: 1.00, 1.18 (0.96-1.45), 1.10 (0.87-1.38), 0.89 (0.69-1.14) 

Swedish 

Mammography 

Screening Cohort 

(women) 102 

Cohort 

61,463 

40-76 Age, caloric intake, BMI, 

education, family history, 

parity, age at first birth 

FFQ 0 Healthy pattern, RR (95% CI) 

Breast cancer: 1.00, 0.94 (0.79-1.12), 0.96 (0.80-1.14), 0.95 (0.79-1.14), 0.92 (0.76-1.13) 

Western pattern, RR (95% CI) 

Breast cancer: 1.00, 1.01 (0.85-1.21), 0.94 (0.78-1.14), 1.03 (0.85-1.25), 1.00 (0.79-1.26) 

Drinker pattern, RR (95% CI) 

Breast cancer: 1.00, 1.05 (0.88-1.25), 1.17 (0.98-1.39), 1.24 (1.04-1.48), 1.27 (1.06-1.52) 

Mammography 

Screening Program 

(women) 103 

Cohort 

61,463 

40-74 Age, caloric intake, BMI, 

education 

FFQ 0 Healthy Pattern, RR (95%CI) 

Colorectal cancer: 1.00, 0.77 (0.58-1.02), 0.70 (0.52-0.95), 0.75 (0.55-1.02), 0.79 (0.56-

1.10) 

Western Pattern, RR (95%CI) 

Colorectal cancer: 1.00, 0.85 (0.63-1.16), 1.04 (0.76-1.41), 1.07 (0.77-1.49), 0.97 (0.66-

1.44) 

Drinker Pattern, RR (95% CI) 

Colorectal cancer: 1.00, 0.88 (0367-1.15), 1.10 (0.84-1.44), 0.78 (0.57-1.08), 1.13 (0.84-

1.53) 

Health 

Professionals 

Follow-up Study 

(men) 104 

Cohort 

42,504 

40-75 Age, BMI, caloric intake, 

time period, PA, 

smoking, alcohol, 

ancestry, high 

cholesterol, hypertension, 

FFQ 2 Prudent pattern, RR (95% CI) 

Diabetes: 1.00, 0.77 (0.65-0.92), 0.96 (0.81-1.14), 0.89 (0.75-1.06), 0.84 (0.70-1.00) 

Western pattern, RR (95% CI) 
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family history of diabetes Diabetes: 1.00, 1.00 (1.00-1.48), 1.34 (1.10-1.63), 1.34 (1.10-1.63), 1.59 (1.32-1.93) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 105 

Cohort 

74607 

≥60 Age, gender, diabetes, 

waist-to-hip ratio, BMI, 

education, smoking, PA 

at work, PA in leisure 

time, alcohol, caloric 

intake 

FFQ 2 Plant-based pattern, HR (95% CI) 

All-cause mortality: 1.00, 0.93 (0.86-1.00), 0.82 (0.79-1.06) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 45 

Cohort 

9,365 

≥60 Centre of examination, 

gender, cancer, coronary 

artery disease, diabetes, 

hypertension, BMI, 

waist-to-hip ratio, 

smoking, education, PA 

at work, PA in leisure 

time, caloric intake 

FFQ 2 Meat,  potato and vegetable pattern , RR (95% CI)  

 All-cause mortality: 1.00, 0.83 (0.57-1.22), 1.00 (0.70-1.45), 1.03 (0.70-1.51), 1.06 

(0.68-1.65) 

Vegetable and fruit pattern, RR (95% CI)   

All-cause mortality: 1.00, 0.91 (0.68-1.22), 0.90 (0.66-1.23), 1.10 (0.81-1.51), 0.80 (0.55-

1.15) 

Western New York 

Diet Study 

(women) 106 

Case-

control 

232 cases; 

639 

controls 

40-85 Age, caloric intake, 

education, BMI, diabetes, 

hypertension, smoking, 

age at menarche, 

menopausal status, parity, 

oral contraceptive use, 

hormone replacement 

therapy 

FFQ and 

portion size 

0 Healthy pattern, OR (95% CI) 

Endometrial cancer: 1.00, 0.70 (0.46-1.06), 0.55 (0.35-0.84) 

High fat pattern, OR (95% CI) 

Endometrial cancer: 1.00, 0.83 (0.55-1.25), 0.95 (0.57-1.58) 

Danish World 

Health 

Organization-

MONICA Survey 

Cohort 

7,316 

30-70 Smoking, PA, alcohol, 

education, BMI 

FFQ 1 Prudent pattern, RR (95% CI) 

All-cause mortality men: 1.00, 0.87 (0.68-1.11), 0.71 (0.53-0.96), 0.70 (0.49-1.00) 

All cause mortality women: 1.00, 0.69 (0.50-0.96), 0.57 (0.40-0.82), 0.46 (0.30-0.72) 
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(men & women) 40 Western pattern, RR (95% CI) 

All-cause mortality men: 1.00, 0.81 (0.60-1.09), 0.97 (0.79-1.29), 0.92 (0.69-1.23) 

All-cause mortality women: 1.00, 0.93 (0.67-1.29), 0.65 (0.44-0.94), 0.87 (0.59-1.29) 

United States 

Health Examination 

Epidemiological 

Follow-up Study 

(men) 107 

Cohort 

3,779 

Mean 58 Age, race, poverty, 

census enumeration 

district, family income, 

region of residence, 

education, sun exposure, 

PA, smoking status, 

alcohol, caloric intake 

FFQ 1 Vegetable and fruit pattern, RR (95% CI) 

Prostate cancer: 1.00, 1.5 (0.9-2.3), 1.2 (0.7-2.0) 

Red meat and starch pattern, RR (95% CI) 

Prostate cancer: 1.00, 0.7 (0.5-1.2), 0.8 (0.4-1.4) 

Southern diet pattern, RR (95% CI) 

Prostate cancer: 1.00, 0.9 (0.6-1.4), 0.6 (0.4-1.1) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 8 

Case-

control 

193 cases; 

385 

controls 

35-65 Age, gender, BMI, waist-

to-hip ratio, PA, 

smoking, education, 

caloric intake 

FFQ 2 Magnesium and alcohol pattern, RR (95% CI):   

Diabetes: 1.00, 0.92 (0.66-1.29) 

Alcohol pattern, RR (95% CI): 

Diabetes: 1.00, 1.03 (0.84-1.28) 

Polyunsaturated fat pattern, RR (95% CI): 

Diabetes: 1.00, 0.82 (0.64-1.04) 

High fiber pattern, RR (95% CI): 

Diabetes: 1.00, 0.85 (0.68-1.07) 

Danish World 

Health 

Organization- 

MONICA Survey 

(men & women) 72 

Cohort 

9,316 

30-70 Smoking, PA, education, 

BMI, alcohol  

FFQ 1 Prudent pattern, HR (95%CI) 

Coronary heart disease: 1.00, 1.06 (0.93-1.21) 

Western pattern, HR (95%CI) 
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Coronary heart disease: 1.00, 0.97 (0.85-1.10) 

Cost Rican case 

control study (men 

& women)26  

Case-

control 

1787 cases; 

1787 

controls 

47-69 Age, gender, country, 

income, smoking, PA, 

waist-to-hip ratio, caloric 

intake, history of 

hypertension, high 

cholesterol, diabetes, 

other significant dietary 

patterns 

FFQ 2 Vegetable pattern factor 1, OR (95% CI) 

Myocardial Infarction: 1.00, 0.90 (0.71-1.15), 0.68 (0.52-0.87), 0.75 (0.57-0.97), 0.72 

(0.55-0.94) 

Palm oil and coffee pattern factor 4, OR (95% CI) 

Myocardial Infarction: 1.00, 1.22 (0.96-1.56), 1.09 (0.86-1.39), 1.44 (1.13-1.85), 1.38 

(1.07-1.78) 

Alcohol, legume, and polyunsaturated oil pattern factor 5, OR (95% CI) 

Myocardial Infarction: 1.00, 0.95 (0.74-1.20), 0.85 (0.66-1.10), 0.92 (0.72-1.17), 0.69 

(0.53-0.88) 

Dutch European 

Prospective 

Investigation into 

Cancer and 

Nutrition-Elderly 

cohort (women)108 

Cohort 

5427 

60-69 Age, smoking, education, 

diabetes, caloric intake, 

BMI, waist-to-hip ratio, 

PA at work, PA leisure 

time 

FFQ 2 Healthy traditional diet  pattern score, RR (95% CI) 

All-cause mortality: 1.00, 0.81 (0.65-1.01), 0.70 (0.52-0.95) 

Mediterranean-like dietary pattern, RR (95% CI) 

All-cause mortality: 1.00, 0.91 (0.69-1.20),  0.84 (0.52-1.23) 

Traditional Dutch dinner dietary pattern, RR (95%CI) 

All-cause mortality: 1.00, 1.0 (0.69-1.40), 1.25 (0.80-1.65) 

Danish World 

Health 

Organization 

MONICA study 

(men & women)109 

Cohort 

7,316 

30-70 Self rated health, PA, 

smoking, education 

FFQ 1 Prudent pattern, HR (95%CI) 

All-cause mortality men: 1.00, 0.91 (0.71-1.17), 0.72 (0.54-0.97), 0.65 (0.44-0.95) 

All-cause mortality women: 1.00, 0.67 (0.48-0.95), 0.59 (0.40-0.86), 0.45 (0.28-0.72) 

 

Breast Cancer 

Detection 

Cohort 40-91 Age, caloric intake, 

education, family history 

FFQ 1 Vegetable-fish/poultry-fruit pattern, RR (95% CI) 
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Demonstration 

Project (women)110 

40,559 breast cancer, BMI, 

height, parity, age at first 

birth, age at menarche, 

hormone replacement 

therapy, PA, smoking, 

alcohol 

Breast cancer: 1.00, 1.15 (0.97-1.37), 1.06 (0.89-1.27), 1.09 (0.91-1.30), 1.04 (0.87-1.26) 

Beef/pork-starch pattern, RR (95% CI) 

Breast cancer: 1.00, 1.05 (0.89-1.23), 0.96 (0.81-1.13), 0.98 (0.82-1.16), 1.04 (0.87-1.23) 

Traditional southern pattern, RR (95% CI) 

Breast cancer: 1.00, 0.89 (0.75-1.05), 0.92 (0.77-1.09), 0.83 (0.70-1.00), 0.78 (0.65-0.95) 

Montevideo, 

Uruguay (men & 

women)111 

Case-

control 

240 cases; 

960 

controls 

30-89 Age, residence, 

education, BMI, 

smoking, alcohol, caloric 

intake 

FFQ 0 Starchy foods pattern, OR (95% CI) 

Gastric cancer: 1.00, 2.17 (1.38-3.41), 2.51 (1.54-4.10) 

Healthy pattern, OR (95% CI) 

Gastric cancer: 1.00, 0.63 (0.44-0.91), 0.48 (0.32-0.71) 

Mixed pattern, OR (95% CI) 

Gastric cancer: 1.00, 1.09 (0.75-1.57), 0.59 (0.38-0.90) 

National Institutes 

of Health Diet and 

Health Study (men 

& women)112 

Cohort 

492,382 

>50 Ethnicity, smoking, PA, 

BMI, education, family 

history colon cancer, 

nonsteroidal anti-

inflammatory drug use, 

hormone replacement 

therapy 

FFQ and 

portion size 

1 Fruit and vegetable pattern, HR (95% CI) 

Colorectal cancer men: 1.00, 0.91 (0.80-1.04), 0.85 (0.74-0.97), 0.78 (0.68-0.89), 0.81 

(0.70-0.93) 

Colorectal cancer women: 1.00, 0.85 (0.69-1.05), 1.02 (0.83-1.25), 1.06 (0.87-1.30), 1.06 

(0.86-1.30) 

Fat reduced and diet foods pattern, HR (95% CI) 

Colorectal cancer men: 1.00, 0.98 (0.86-1.11), 0.93 (0.81-1.06), 0.84 (0.74-0.97), 0.82 

(0.72-0.94) 

Colorectal cancer women: 1.00, 1.21 (0.98-1.49), 1.13 (0.91-1.40), 1.29 (1.05-1.60), 1.48 

(1.20-1.83) 

Meat and potatoes pattern, HR (95% CI) 
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Colorectal cancer men: 1.00, 1.19 (1.03-1.37), 1.19 (1.04-1.37), 1.23 (1.07-1.41), 1.18 

(1.02-1.35) 

Colorectal women: 1.00, 0.99 (0.81-1.20), 0.81 (0.66-1.00), 0.99 (0.81-1.21), 0.87 (0.71-

1.07) 

Latin American 

multicenter hospital 

based case control 

study (men & 

women)113 

Case-

control 

366 cases; 

469 

controls 

Mean 56 

(no range 

reported) 

Age, gender, smoking, 

alcohol, weight, 

education, number of 

portions, region of birth 

FFQ 1 Prudent pattern, OR (95% CI) 

Oral cancer: 1.00, 0.95 (0.63-1.44), 1.05 (0.63-1.64) 

Traditional pattern, OR (95% CI) 

Oral cancer: 1.00, 0.76 (0.50-1.17), 0.51 (0.35-0.81) 

Snacks pattern, OR (95% CI) 

Oral cancer: 1.00, 0.83 (0.54-1.28), 1.03 (0.64-1.64) 

Monotonous pattern, OR (95% CI) 

Oral cancer: 1.00, 1.48 (0.93-2.34), 1.78 (1.12-2.85) 

Japan Public Health 

Center-based 

Prospective Study 

on Cancer and 

Cardiovascular 

Disease (men & 

women)114 

Cohort 

42,112 

40-59 Age, BMI, caloric intake, 

education, family history 

gastric cancer, smoking, 

alcohol 

FFQ 0 Healthy dietary pattern, RR (95% CI) 

Gastric cancer men: 1.00, 1.0 (0.70-1.45), 1.06 (0.74-1.53), 1.13 (0.78-1.63) 

Gastric cancer women: 1.00, 0.57 (0.33-0.97), 0.77 (0.47-1.26), 0.56 (0.32-0.96) 

Traditional dietary pattern, RR (95% CI) 

Gastric cancer men: 1.00, 1.97 (1.25-3.12), 2.47 (1.55-3.94), 2.88 (1.76-4.72) 

Gastric cancer women: 1.00, 1.70 (0.93-3.12), 1.28 (0.68-2.44), 2.40 (1.32-4.35) 

Western dietary pattern, RR (95% CI) 

Gastric cancer men: 1.00, 0.99 (0.71-1.37), 0.88 (0.63-1.24), 0.85 (0.60-1.38) 

Gastric cancer women: 1.00, 0.94 (0.56-1.57), 0.92 (0.54-1.56), 1.13 (0.66-1.93) 
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Prospective 

California Teachers 

Study cohort 

(women)115 

Cohort 

97,292 

21-85 Age, race, caloric intake, 

parity, oral contraceptive 

use, PA, hormone 

replacement therapy, 

wine intake 

FFQ 2 Plant based pattern, RR (95% CI) 

Ovarian cancer: 1.00, 1.40 (0.94-2.08), 1.20 (0.79-1.82), 1.56 (1.03-2.35), 1.65 (1.06-

2.54) 

High protein and high fat pattern, RR (95% CI) 

Ovarian cancer: 1.00, 0.83 (0.57-1.21), 1.23 (0.86-1.75), 1.04 (0.70-1.55), 1.31 (0.82-

2.10) 

High carbohydrate pattern, RR (95% CI) 

Ovarian cancer: 1.00, 1.17 (0.85-1.62), 0.97 (0.66-1.44), 1.40 (0.91-2.46), 1.69 (0.97-

2.95) 

Ethnic pattern, RR (95% CI) 

Ovarian cancer: 1.00, 0.90 (0.63-1.28), 1.19 (0.85-1.67), 0.98 (0.69-1.41), 1.10 (0.75-

1.59) 

Salad and wine pattern, RR (95% CI) 

Ovarian cancer: 1.00, 0.96 (0.63-1.44), 1.12 (0.76-1.66), 0.78 (0.51-1.19), 1.00 (0.66-

1.53) 

Canadian National 

Enhanced Cancer 

Surveillance 

System (men & 

women)116 

Case-

control 

585 cases; 

4779 

controls 

30-74 Age, smoking, BMI, PA, 

province, education, 

caloric intake 

FFQ 2 Western pattern, OR (95% CI) 

Pancreatic cancer men: 1.00, 1.57 (0.94-2.64), 1.14 (0.66-1.96), 1.30 (0.75-2.25) 

Pancreatic cancer women: 1.00, 1.18 (0.67-2.01), 1.42 (0.82-2.47), 1.40 (0.76-2.59) 

Fruits and vegetables  pattern, OR (95% CI) 

Pancreatic cancer men: 1.00, 0.93 (0.61-1.43), 0.78 (0.49-1.24), 0.55 (0.32-0.93) 

Pancreatic cancer women: 1.00, 1.30 (0.73-2.31), 1.30 (0.73-2.30), 1.06 (0.58-1.96) 

Drinker pattern, OR (95% CI) 
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Pancreatic cancer men: 1.00, 0.82-2.31), 0.88 (0.52-1.50), 1.51 (0.92-2.47) 

Pancreatic cancer women: 1.00, 0.86 (0.51-1.43), 0.78 (0.45-1.36), 0.95 (0.53-1.71) 

Sweden case 

control study (men 

& women)117 

Case-

control 

608 cases; 

815 

controls 

Mean 67 

(range not 

reported) 

Age, gender, 

gastroesophageal reflux, 

education, BMI, 

smoking, PA, caloric 

intake 

FFQ 1 Healthy diet pattern, OR (95% CI) 

Esophageal adenocarcinoma: 1.00, 0.60 (0.40-0.98), 0.80 (0.50-1.3) 

Esophageal squamous-cell carcinoma: 1.00, 0.80 (0.5-1.3), 0.70 (0.40-1.2) 

Gastric cardia adenocarcinoma: 1.00, 1.00 (0.70-1.40), 0.70 (0.50-1.10) 

Western diet pattern, OR (95% CI) 

Esophageal adenocarcinoma: 1.00, 1.30 (0.80-2.2), 1.60 (0.90-3.10) 

Esophageal squamous-cell carcinoma: 1.00, 0.90 (0.60-1.60), 0.70 (0.40-1.40) 

Gastric cardia adenocarcinoma: 1.00, 1.70 (1.10-2.60), 1.80 (1.10-2.90) 

Alcohol drinker pattern, OR (95% CI) 

Esophageal adenocarcinoma: 1.00, 1.00 (0.60-1.60), 0.90 (0.50-1.50) 

Esophageal squamous-cell carcinoma: 1.00, 2.00 (1.20-3.60), 3.50 (1.90-6.30) 

Gastric cardia adenocarcinoma: 1.00, 0.90 (0.60-1.30), 0.80 (0.60-1.20) 

Health 

Professionals 

Follow Up Study & 

Nurses‟ Health 

Study (men & 

women)80 

Cohort 

131,368 

40-75 Age, smoking, BMI, 

nonsteroidal anti-

inflammatory drugs, 

caloric intake, caffeine, 

alcohol 

FFQ 0 Prudent pattern, RR (95% CI) 

Parkinson‟s disease men: 1.00, 0.89 (0.61-1.30), 0.95 (0.66-1.37), 0.80 (0.54-1.17), 0.72 

(0.48-1.07) 

Parkinson‟s disease women: 1.00, 1.13 (0.69-1.84), 1.14 (0.70-1.85), 0.67 (0.39-1.14), 

0.90 (0.53-1.50) 

Western pattern, RR (95% CI) 

Parkinson‟s disease men: 1.00, 1.70 (1.20-2.40), 1.29 (0.87-1.92), 1.50 (0.98-2.29), 1.68 

(1.0-2.84) 
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Parkinson‟s disease women: 1.00, 1.29 (0.83-2.00), 1.15 (0.71-1.87), 1.10 (0.64-1.90), 

0.91 (0.46-1.81) 

Shanghai Women‟s 

Health Study 

(women)118 

Cohort 

74,942 

40-70 Age, BMI, education, 

marital status, income, 

smoking, alcohol, tea, 

ginseng, PA 

FFQ 2 Vegetable rich pattern, HR (95%CI) 

All-cause mortality: 1.00, 0.90 (0.79-1.03), 0.93 (0.81-1.07), 0.97 (0.85-1.12) 

Cardiovascular disease mortality: 1.00, 0.92 (0.70-1.22), 0.96 (0.73-1.28), 1.18 (0.90-

1.56) 

Cancer mortality: 1.00, 0.92 (0.76-1.12), 0.95 (0.78-1.15), 0.91 (0.74-1.11) 

Fruit rich pattern, HR (95% CI) 

All-cause mortality: 1.00, 0.96 (0.84-1.09), 0.91 (0.79-1.04), 0.80 (0.69-0.94) 

CVD mortality: 1.00, 0.86 (0.67-1.11), 0.79 (0.60-1.05), 0.71 (0.51-0.98) 

Cancer mortality: 1.00, 1.13 (0.94-1.37), 1.12 (0.92-1.37), 0.96 (0.77-1.20) 

Meat rich pattern, HR (95% CI) 

All-cause mortality: 1.00, 1.03 (0.90-1.17), 1.11 (0.97-1.27), 1.04 (0.89-1.22) 

CVD mortality: 1.00, 1.07 (0.83-1.37), 1.12 (0.85-1.47), 1.04 (0.75-1.44) 

Cancer mortality: 1.00, 0.97 (0.81-1.17), 1.00 (0.82-1.22), 0.95 (0.76-1.19) 

Cancer and 

Leukemia Group B 

Adjuvant Therapy 

trial (men & 

women)119 

Cohort 

1009 

21-85 Age, gender, depth of 

invasion, positive lymph 

nodes, perforation at 

surgery, bowel 

obstruction at surgery, 

performance status, 

treatment group, weight 

change, BMI, PA, caloric 

intake 

FFQ 2 Prudent pattern, HR (95% CI) 

All-cause mortality: 1.00, 1.18 (0.81-1.71), 0.94 (0.62-1.43), 0.72 (0.46-1.13), 132 (0.86-

2.04) 

Western pattern, HR (95% CI) 

All-cause mortality: 1.00, 0.74 (0.48-1.17), 1.38 (0.90-2.11), 1.66 (1.04-2.65), 2.32 (1.36-

3.96) 
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Hospital-Based 

Epidemiologic 

Research Program 

at Aichi Cancer 

Center (women)120 

Case-

control 

1885 cases; 

22,333 

controls 

40-79 Age, year, motivation, 

BMI, menopausal status, 

parity, age at first 

pregnancy, age at 

menarche, smoking, 

drinking, family history 

of breast cancer, PA 

FFQ 1 Prudent pattern, OR (95% CI) 

Breast cancer: 1.00, 0.89 (0.78-1.01), 0.85 (0.74-0.97), 0.73 (0.63-0.84) 

Fatty pattern, OR (95% CI) 

Breast cancer: 1.00, 1.12 (0.98-1.28), 0.97 (0.84-1.11), 0.99 (0.85-1.14) 

Japanese pattern, OR (95% CI) 

Breast cancer: 1.00, 1.16 (1.01-1.33), 1.10 (0.96-1.27), 1.04 (0.90-1.20) 

Salty pattern, OR (95% CI) 

Breast cancer: 1.00, 1.08 (0.95-1.24), 1.04 (0.91-1.19), 1.04 (0.90-1.19) 

Italy (women)121 Case-

control 

Cases 3600; 

controls 

3413 

17-79 Age, education, parity, 

menopausal status, 

geographic area, BMI, 

history of cancer, caloric 

intake 

FFQ 0 Animal product pattern, OR (95% CI) 

Breast cancer: 1.00, 0.79 (0.67-0.92), 0.83 (0.70-0.98), 0.74 (0.61-0.91) 

Ovarian cancer: 1.00, 0.90 (0.72-1.12), 1.04 (0.82-1.31), 0.98 (0.75-1.28) 

Vitamin and fiber pattern, OR (95% CI) 

Breast cancer: 1.00, 0.98 (0.84-1.15), 0.98 (0.84-1.15), 0.87 (0.73-1.04) 

Ovarian cancer: 1.00, 0.78 (0.63-0.96), 0.73 (0.59-0.91), 0.77 (0.61-0.98) 

Unsaturated fat pattern, OR (95% CI) 

Breast cancer: 1.00, 0.99 (0.85-1.16), 0.88 (0.75-1.04), 0.83 (0.68-1.00) 

Ovarian cancer: 1.00, 0.99 (0.79-1.23), 1.11 (0.88-1.40), 0.92 (0.70-1.20) 

Starch rich pattern, OR (95% CI) 

Breast cancer: 1.00, 1.31 (1.11-1.55), 1.19 (1.00-1.42), 1.34 (1.10-1.65) 

Ovarian cancer: 1.00, 1.55 (1.21-1.97), 1.82 (1.41-2.34), 1.85 (2.37-2.48) 
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Nurses Health 

Study (women)122 

Cohort 

76,402 

38-63 Age, time, smoking, 

BMI, aspirin use, caloric 

intake, PA, alcohol, 

multivitamin use, missing 

FFQ 

FFQ 2 Prudent pattern, RR (95% CI) 

Colon cancer: 1.00, 0.78 (0.57-1.08), 0.94 (0.69-1.28), 0.93 (0.68-1.27), 0.71 (0.50-1.00) 

Western pattern, RR (95% CI) 

Colon cancer: 1.00, 1.02 (0.76-1.38), 0.85 (0.61-1.18), 1.09 (0.77-1.54), 1.46 (0.97-2.19) 

California, Utah, & 

Minnesota (men & 

women)123  

Case-

control 

1993 cases; 

2410 

controls 

30-79 Age, BMI, PA, caloric 

intake 

FFQ and 

portion size 

2 Western pattern, OR (95% CI) 

Colon cancer: 1.00, 1.27 (0.96-1.69), 1.47 (1.11-1.95), 1.68 (1.26-2.25), 1.80 (1.28-2.53) 

Prudent pattern, OR (95% CI) 

Colon cancer: 1.00, 0.83 (0.64-1.07), 0.83 (0.64-1.07), 0.85 (0.65-1.09), 0.66 (0.50-0.86) 

Drinker pattern, OR (95% CI) 

Colon cancer: 1.00, 1.13 (0.87-1.48), 1.06 (0.81-1.38), 1.10 (0.84-1.44), 1.09 (0.84-1.42) 

Substituter pattern, OR (95% CI) 

Colon cancer: 1.00, 1.18 (0.92-1.53), 0.92 (0.71-1.20), 0.96 (0.74-1.26), 0.84 (0.64-1.10) 

Health and 

Lifestyle Survey 

(men & women)124 

Cohort 

9003 

18-81 Age, socioeconomic 

group, smoking, alcohol, 

race, gender 

FFQ 0 Fruit and vegetable pattern,  OR (95% CI) 

All-cause mortality women: 1.00, 0.76 (0.65-0.89) 

High fat and refined grain pattern, OR (95% CI) 

All-cause mortality women: 1.00, 1.20 (1.02-1.42) 

Studies using Cluster Analysis to identify dietary patterns 

Whitehall II study 

(men and women) 

125 

Cohort 

7,731 

Mean 50 

(no range 

reported) 

Age, gender, race, caloric 

intake misreporting, 

employment, smoking, PA  

FFQ 2 All-cause mortality, HR (95% CI)  

Unhealthy pattern 1.00; Sweet pattern 0.90 (0.63-1.27); Mediterranean type pattern 0.81 

(0.57-1.15); Healthy pattern 0.95 (0.74-1.22) 
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Cancer mortality, HR (95% CI) 

Unhealthy pattern 1.00; Sweet pattern  0.85 (0.51-1.43); Mediterranean type pattern 0.88 

(0.54-1.44); Healthy pattern 1.15 (0.80-1.64) 

CHD, HR (95% CI)  

Unhealthy pattern 1.00; Sweet pattern 0.90 (0.59-1.39); Mediterranean type pattern 0.77 

(0.50-1.19); Healthy pattern 0.71 (0.51-0.98) 

Diabetes, OR (95% CI)  

Unhealthy pattern 1.00; Sweet pattern 1.16 (0.83-1.16); Mediterranean type pattern 1.04 

(0.75-1.43); Healthy pattern 0.74 (0.58-0.94) 

Eastern Nebraska 

(men & women) 126 

Case-

control 

248 cases; 

449 

controls 

42-78 Age, gender, caloric intake, 

respondent type, BMI, 

alcohol, smoking, 

education, family history, 

dietary supplements 

FFQ 0 Esophageal adenocarcinoma, OR (95% CI) 

Healthy pattern 1.00; High meat pattern 3.6 (0.96-13.2); High salty snack pattern 2.9 (0.85-

9.9); High dessert pattern 1.6 (0.39-6.9); High milk pattern 2.5 (0.64-9.8); High white bread 

pattern 2.6 (0.77-8.7) 

Distal stomach cancer, OR (95% CI) 

Healthy pattern 1.00; High meat pattern 2.9 (0.89-9.2); High salty snacks pattern 1.5 (0.45-

5.2); High dessert pattern 0.70 (0.21-2.4); High milk pattern 2.20 (0.68-7.0); High white 

bread pattern 1.10 (0.37-3.2) 

Seven Countries 

Study on 

Cardiovascular 

Diseases (men) 127 

Cohort 

1,536 

45-64 n/a FFQ and 

portion size 

(diet history) 

1 All-cause mortality, mortality rate (SE) at 20y follow-up 

Alcohol pattern  6.90 (1.40); Polyunsaturated fat pattern 1.30 (0.90); Monounsaturated fat 

pattern 1.40 (0.60); Carbohydrate pattern 1.30 (0.50) 

CHD mortality, mortality rate (SE) at 20y follow-up 

Alcohol pattern 41.0 (2.00); Polyunsaturated fat pattern 10.20 (2.80); Monounsaturated fat 

pattern 11.30 (1.80); Carbohydrate pattern 13.40 (1.60) 
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Abbreviations: CI (confidence interval), BMI (body mass index), FFQ (food frequency questionnaire), PA (physical activity),  
†
Score of 0 = no consideration for the confounding effects of physical activity; Score of 1 =  use of a simple questionnaire to assess physical activity (e.g., 1 or 2 questions);  Score of 2 =  use of more 

complex questionnaires to assess physical activity (e.g., a series of questions to assess typical duration and frequency for different types of activity);  Score of 3 = use of  physical activity diaries; Score 
of 4 = use of fitness measures or simple direct measures of physical activity such as pedometers; Score of 5 = use of sophisticated direct measures of activity duration and intensity such as the  use of 

accelerometers.    
 

Cancer mortality, mortality rate (SE) at 20y follow-up 

Alcohol pattern 21.7 (2.30); Polyunsaturated fat pattern 13.60 (3.00); Monounsaturated fat 

pattern 16.00 (1.90); Carbohydrate pattern 14.80 (1.70) 

National Health 

Interview Survey 

(men & women) 65 

Cohort 

10,084 

≥45 Age, year of survey, race, 

BMI, education, smoking, 

dietary supplements, 

alcohol, caloric intake 

FFQ 0 All-cause mortality for men, HR (95% CI)  

High fat pattern 1.00; Low fruit-vegetable pattern 0.94 (0.76-1.16); Low carbohydrate 

pattern 0.87 (0.71-1.07); High fruit-vegetable-whole-grain pattern 0.82 (0.66-1.01) 

All-cause mortality for women, HR (95% CI)  

High fat pattern 1.00; Low fruit-vegetable pattern 0.93 (0.75-1.16); Low carbohydrate 

pattern 0.93 (0.74-1.17); High fruit-vegetable-whole-grain pattern 0.88 (0.72-1.09) 

Fox Chase Cancer 

Center Network 

(men & women) 128 

Case-

control 

254 cases; 

184 

controls 

53-73 Age, gender, smoking FFQ 0 Lung cancer, OR (95% CI) 

Unhealthy pattern 1.00; Healthy pattern 0.93 (0.59-1.44) 

Cote d‟Or case 

control study (men 

& women)129 

Cohort 

1372 

30-79 Age, gender, caloric intake, 

BMI, PA, smoking, alcohol 

FFQ 1 Colorectal caner, OR (95% CI) 

Low fat pattern 1.00; Bread and fat pattern 1.50 (0.90-2.50); Alcohol and fat pattern 1.00 

(0.50-2.20); Grain pattern 1.40 (0.60-3.10); Sugar and fat pattern 1.50 (0.60-3.80) 
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Table 3: Summary of studies examining the relation between dietary patterns, identified using reduced rank regression, with chronic disease and mortality  

Study 

population 

(gender) 

Study type, 

sample size 

(n) 

Age 

range 

 

Risk factors controlled 

for 

Diet measure PA 

measure 

rating    

0-5
†
 

Dietary Pattern(s) Identified and Associated Risk for Morbidity and Mortality 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 9 

Case-

control 

192 cases; 

382 

controls 

35-65 Age, gender, smoking, PA 

leisure time, education, 

caloric intake, BMI, waist 

to hip ratio 

FFQ 2 High meat and bread and  low fruit pattern, OR (95% CI) 

Diabetes: 1.00, 0.59 (0.30-1.15), 0.51 (0.25-1.05), 0.26 (0.12-0.56), 0.27 (0.13-0.64) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 8 

Case-

control 

193 cases; 

385 

controls 

35-65 Age, gender, BMI, waist to 

hip ratio, PA, smoking, 

education, caloric intake 

FFQ 2 Dairy and alcohol pattern, RR (95% CI) 

Diabetes: 1.00, 0.79 (0.41-1.52), 0.64 (0.32-1.32), 0.82 (0.37-1.77), 0.76 (0.29-1.96) 

Alcohol pattern, RR (95% CI) 

Diabetes: 1.00, 1.46 (0.75-2.86), 1.62 (0.82-3.21), 1.17 (0.58-2.36), 1.04 (0.51-2.12) 

Margarine and meat pattern, RR (95% CI) 

Diabetes: 1.00, 0.60 (0.31-1.16), 0.82 (0.43-1.59), 0.92 (0.48-1.74), 1.32 (0.70-2.48) 

Fruit and whole grain bread pattern, RR (95% CI) 

Diabetes: 1.00, 0.92 (0.49-1.71, 0.88 (0.47-1.65), 0.65 (0.34-1.23), 049 (0.25-0.94) 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 45 

Cohort 

9,365 

≥60 Centre of examination, 

gender, cancer, CHD, 

diabetes, hypertension, 

BMI, waist to hip ratio, 

smoking, education, PA at 

work, PA leisure time, 

caloric intake 

FFQ 2 High meat low fruit pattern, RR (95% CI) 

 All-cause mortality: 1.00, 1.01 (0.70-1.46), 0.96 (0.66-1.38), 1.32 (0.95-1.85), 1.61 (1.17-

2.21) 1.20 (1.09-1.31) 

High legume and poultry and low sugar pattern, RR (95% CI) 

All-cause mortality: 1.00, 0.87 (0.63-1.21, 0.81 (0.57-1.13), 1.07 (0.78-1.48), 0.96 (0.70-

1.33) 0.96 (0.87-1.06) 
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Coronary Risk 

Factors for 

Atherosclerosis in 

Women Study 

(women)  7 

Case-

control 

200 cases; 

255 

controls 

30-80 Age, smoking, hormone 

replacement therapy, 

hypertension, education, 

PA, sports, BMI, waist-to-

hip ratio 

FFQ 2 High meat and fat low fruit and vegetable pattern, RR (95% CI) 

Coronary artery disease: 1.00, 1.1 (0.4-2.6), 3.6 (1.5-8.2), 6.2 (2.6-14.4), 12.3 (4.9-30.9) 

Western New 

York Exposure 

and Breast 

Cancer Study 

(women) 25 

Case-

control 

1,166 cases; 

2,105 

controls 

35-79 Age, education, race, BMI, 

age at menarche, age at first 

birth, parity, history of 

benign breast disease, 

family history of breast 

cancer, caloric intake 

FFQ 0 High sweets and meat glycemic index and load pattern , OR (95% CI) 

Breast cancer premenopausal women: 1.00, 1.34 (0.88-2.05), 1.41 (0.91-2.19), 1.27 (0.76-

2.11) 

High vegetable and fruit glycemic index and load pattern, OR (95% CI) 

Breast cancer premenopausal women: 1.00, 0.77 (0.51-1.16), 0.86 (0.57-1.31), 0.98 (0.64-

1.49) 

High sweets and meat glycemic index and load pattern , OR (95% CI) 

Breast cancer postmenopausal women: 1.00, 0.97 (0.75-1.25), 0.98 (0.75-1.27), 0.68 

(0.50-0.93) 

High vegetable and fruit glycemic index and load pattern , OR (95% CI) 

Breast cancer postmenopausal women: 1.00, 1.14 (0.89-1.47), 0.99 (0.76-1.28), 1.12 

(0.85-1.47) 

Whitehall II 

Study (men and 

women) 130 

Cohort 

6,699 

39-63 Age, gender, caloric 

misreporting, race, 

occupation, smoking, 

alcohol, PA, blood 

pressure, BMI 

FFQ 2 High snacks and beverages low whole-wheat pattern, OR (95% CI) 

Diabetes: 1.00, 1.24 (0.9-1.73), 1.48 (1.08-2.02), 1.51 (1.10-2.09) 

European 

Prospective 

Cohort 35-65 Age, BMI, education, 

alcohol, smoking, parity, 

FFQ 0 High meat and fat low bread pattern, HR (95% CI) 
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Investigation into 

Cancer and 

Nutrition 

(women) 44 

15,351 menopausal status, 

hormone replacement 

therapy, age at menarche, 

caloric intake, fiber, b-

carotene, vitamin C, 

vitamin E 

Breast cancer: 1.00, 1.52 (0.95-2.44), 2.34 (1.45-3.79) 

Nurses Health 

Study (women) 43 

Case-

control 

656 cases; 

694 

controls 

30-55 Age, BMI, PA, family 

history of diabetes, 

smoking, hormone 

replacement therapy, 

caloric intake 

FFQ 2 High soda, refined grains and meet and low vegetable pattern, OR (95% CI) 

Diabetes: 1.00, 1.28 (0.79-2.07), 1.89 (1.19-2.98), 2.25 (1.45-3.51), 3.09 (1.99-4.79) 

Nurses Health 

Study (women) 43 

Cohort 

35,340 

30-55 Age, BMI, PA, family 

history of diabetes, 

smoking, hormone 

replacement therapy, 

caloric intake 

FFQ 2 High soda, refined grains and meet and low vegetable pattern , RR (95% CI) 

Diabetes: 1.00, 1.50 (1.21-1.86), 1.61 (1.31-1.99), 1.96 (1.61-2.40), 2.56 (2.10-3.12) 

Nurses Health 

Study II (women) 

43 

Cohort 

89,311 

24-44 Age, BMI, PA, family 

history of diabetes, 

smoking, hormone 

replacement therapy, 

caloric intake 

FFQ 2 High soda, refined grains and meet and low vegetable pattern , RR (95% CI) 

Diabetes: 1.00, 1.92 (1.39-2.64), 1.64 (1.18-2.26), 2.10 (1.55-2.86), 2.93 (2.18-3.92) 

Coronary Risk 

Factor for 

Atherosclerosis in 

Women (women) 

42 

Case-

control 

200 cases; 

255 

controls 

30-80 Age, smoking, education, 

BMI, PA, caloric intake, 

hormone replacement 

therapy,  prevalence of 

hypertension, dyslipidemia, 

FFQ 2 High whole-grain, fruit and low fried potatoes pattern, RR (95% CI) 

CHD: 1.00,0.55 (0.22-1.38), 0.52 (0.23-1.17), 0.58 (0.25-1.34), 0.39 (0.17-0.92) 
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Abbreviations: CI (confidence interval), BMI (body mass index), FFQ (food frequency questionnaire), PA (physical activity), CHD (coronary heart disease) 
†
Score of 0 = no consideration for the confounding effects of physical activity; Score of 1 =  use of a simple questionnaire to assess physical activity (e.g., 1 or 2 questions);  Score of 2 =  use of more 

complex questionnaires to assess physical activity (e.g., a series of questions to assess typical duration and frequency for different types of activity);  Score of 3 = use of  physical activity diaries; Score 
of 4 = use of fitness measures or simple direct measures of physical activity such as pedometers; Score of 5 = use of sophisticated direct measures of activity duration and intensity such as the  use of 

accelerometers.    

diabetes 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition (men & 

women) 42 

Cohort 

26,795 

35-64 gender, smoking, 

education, BMI, PA, 

caloric intake, 

hypertension, dyslipidemia, 

diabetes 

FFQ 2 High whole-grain, fruit and low fried potatoes pattern , HR (95% CI) 

CHD: 1.00, 0.95 (0.62-1.46), 0.75 (0.46-1.20), 0.56 (0.32-0.97), 0.72 (0.43-1.20) 

Cost Rican case 

control study 

(men & women)26  

Case-

control 

1787 cases; 

1787 

controls 

47-69 Age, gender, country, 

income, smoking, PA, 

waist-to-hip ratio, caloric 

intake, hypertension, high 

cholesterol, diabetes, other 

significant dietary patterns 

FFQ 2 High fruit and vegetable low oil pattern, OR (95% CI) 

Myocardial Infarction: 1.00, 0.79 (0.62-1.0), 0.85 (0.67-1.08), 0.76 (0.60-0.97), 0.66 

(0.52-0.83) 
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Abstract 

Objective: While dietary patterns that are both predictive of chronic disease and mortality have 

been identified, the confounding effects of cardiorespiratory fitness have not been properly 

addressed.  The primary objective was to assess the relation between dietary patterns with 

diabetes and all-cause mortality while controlling for the confounding effects of fitness.   

Design:  Prospective cohort study 

Methods: Participants consisted of 13 621 men and women from the Aerobics Center 

Longitudinal Study.  Participants completed a clinical exam and 3-day diet record between 1987 

and 1999.  Diabetes was assessed at baseline and participants were followed for mortality until 

2003.  Reduced rank regression was used to identify dietary patterns that predicted unfavorable 

total and HDL-cholesterol, triglyceride, glucose, blood pressure, uric acid, white blood cell, and 

body mass index values. 

Results:  One primary dietary pattern emerged and was labeled the Unhealthy Eating Index.  This 

pattern was characterized by a higher consumption of processed and red meat, white potato 

products, non-whole grains, added fat, and a smaller consumption of non-citrus fruits.  The odds 

ratio for diabetes and the hazard ratio for all-cause mortality in the fifth versus the first quintile of 

the Unhealthy Eating Index were 2.55 (95% confidence interval: 1.81 - 3.58) and 1.40 (1.02 - 

1.91), respectively.  After controlling for fitness, these risk estimates were reduced by 51.6% and 

55.0%.   

Conclusion: The relation of diet with morbidity and mortality risk is, in large, confounded by 

fitness. 

 

Key Words: all-cause mortality, cardiorespiratory fitness, diabetes, reduced rank regression 
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Background 

A proper diet is recognized by the scientific and medical communities and the general 

public as being a fundamental part of healthy living.  Historically, studies in nutrition and health 

have examined chronic disease risk in relation to a single nutrient or food.
1, 2

  However, because 

people eat meals comprised of a variety of nutrients and foods, studying individuals‟ complete 

diets, through their overall dietary pattern, more closely approximates real-world eating 

conditions. 

Recent literature reviews have summarized the evidence linking dietary patterns with 

chronic disease and mortality risk.
3-6

  Their findings suggest that dietary patterns characterized by 

a high consumption of processed, refined, and fried foods and a low consumption of fresh fruit, 

vegetables and whole grains, are a modest to strong risk factor for chronic disease and mortality 

risk in both sexes.
3-6

  

When studying the relationship between dietary patterns with chronic disease and 

mortality risk, it is important to realize that self-report biases in dietary measures can distort 

estimates of effect.
7, 8

  It is also important to consider the confounding effect of other lifestyle 

characteristics.  Physical activity, for example, is related to both dietary patterns 
9
 and chronic 

disease risk.
10, 11

 While most studies assessing the relation between dietary patterns and chronic 

disease risk have controlled for physical activity, the physical activity measures employed have 

been, without exception, based on self-reported questionnaires.  Such measures of physical 

activity are only modestly correlated with objective measures obtained using criterion methods.
12-

14
  Thus, the confounding effects of physical activity on the relation between dietary patterns and 

chronic disease risk may not have been fully captured in the existing literature.  One approach to 
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objectively determine a persons‟ recent physical activity level is to assess their cardiorespiratory 

fitness (hereafter referred to as fitness).
12, 15

  

The primary objective of this study was to assess the relationship between dietary 

patterns with prevalent diabetes and mortality risk from all-cause and cardiovascular disease 

(CVD) while controlling for the confounding effects of fitness.  The secondary objective was to 

examine the combined effects of dietary patterns and fitness on chronic disease and mortality 

risk.        

 

Methods 

Study Overview 

The study was divided into two parts, with the Aerobics Center Longitudinal Study 

(ACLS) cohort forming the subject pool for both.  In Part A, data reduction techniques were 

employed to identify dietary patterns from 3-day food records that were related to clinical 

markers of chronic disease and mortality risk.  In Part B, the risk of diabetes, CVD mortality, and 

all-cause mortality according to the dietary pattern score (identified in Part A) were determined.  

The confounding influence of fitness on the relation between dietary patterns and chronic disease 

risk was considered. 

 

Study Population 

The study sample consisted of 13 621 participants from the ACLS who completed a 

standardized medical examination and 3-day diet record between 1987 and 1999.  The ACLS is a 

prospective, observational study of men and women who participated in a clinical examination at 

the Cooper Clinic in Dallas, Texas.  ACLS participants are predominantly (>95%) non-Hispanic 
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white, well educated, employed in professional or executive occupations, and of middle to high 

socioeconomic status.  Participants who did not achieve at least 85% of their age-predicted 

maximal heart rate on the treadmill test were excluded.  

The standardized data collection procedures employed in the ACLS are described in 

greater detail in Appendix A as well as in previous studies.
11, 16

  Briefly, data collected included a 

medical history questionnaire, a thorough medical and physical exam, fasting blood chemistry 

analyses, symptom-limited maximal exercise test for the measurement of fitness, and a dietary 

assessment.  The medical history questionnaire, provided in Appendix B, was self-administered 

and included a demographic, family history, and personal health habits questionnaire; and was 

reviewed with the patient by the examining physician.  Physical examination procedures were 

conducted in a standardized manner by trained personnel.  All participants gave written informed 

consent (copy of consent form provided in Appendix C).  The study was reviewed and approved 

annually by the institutional review board at the Cooper Institute.
10, 11, 17

  Ethics approval for the 

completion of the secondary analyses for this thesis was granted by the Queen‟s University 

Health Sciences Ethics Review Board (see Appendix C for copy of ethics approval form).   

 

Part A: Identification of dietary patterns 

Several different approaches can be used to measure individuals‟ dietary patterns, as 

reviewed elsewhere.
18, 19

  Of the available methods, reduced rank regression (RRR), has been 

shown to be the best approach for developing dietary patterns that are predictive of chronic 

disease risk,
20

 and was therefore employed here.  RRR is a statistical data reduction technique that 

determines linear functions of predictors (eg, food groups from diet records) by explaining as 

much variation as possible in a group of response variables (eg, biomarkers that are in the 

pathways between the foods and health outcomes).
18, 19
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Dietary variables (predictor variables for RRR) 

The dietary assessment consisted of a 3-day diet record that required respondents to keep 

detailed records of everything they ate over two pre-assigned week days and one weekend day.  A 

copy of the diet record recording sheet is provided in Appendix D.  Participants were provided 

with written instructions on how to accurately describe foods and estimate portion sizes.  

Participants kept an on-going, real-time written record of foods consumed during and between 

meals, including assessing portion sizes in common household measures.  Registered dietitians at 

the Cooper Clinic coded and analyzed the diet records using the Cooper Clinic Nutrition and 

Exercise Evaluation system.
17

    This provided detailed dietary information on the overall diet 

such as the number of foods consumed from specific food groups, total caloric content, the 

volume of micronutrients (vitamins and minerals), and the volume and caloric content of 

macronutrients (fat, protein, carbohydrate, alcohol).  Further information on the methods used to 

obtain and process the dietary information is provided in Appendix E. 

For the purpose of this study, food items from the diet records were initially divided into 

specific food groups.  For example, nut varieties (peanuts, cashews, almonds) were combined into 

an overall nuts variable.  These food groups were then used as the predictor variables in the RRR 

analysis.  The following 24 food groups were considered: alcohol, added sugar, cheese, milk, 

yogurt, added fats, citrus fruit, non-citrus fruit, non-whole grains, whole grains, legumes, eggs, 

seafood, processed meat, red meat, nuts, poultry, soy, deep-yellow vegetables, green vegetables, 

other vegetables, potatoes, starchy vegetables, tomatoes.  Food components included within each 

food group are listed in Table 1. 

Clinical variables (response variables for RRR) 

Eight biomarkers that are related to diet, predictive of chronic disease and mortality risk, 

available within the ACLS database, and routinely measured within the clinical setting were used 
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as response variables in the RRR analysis.  The biomarkers consisted of the body mass index 

(BMI = weight (kg) / height (m)
2
) as a measure of adiposity, blood pressure, total cholesterol, 

high-density lipoprotein (HDL) cholesterol, triglycerides, uric acid, white blood cell count, and 

fasting glucose. The response variables represent the biological pathways by which diet may 

influence chronic disease and mortality risk.  

  Height and weight were measured using a stadiometer and balance beam scale, 

respectively, and were used to calculate the BMI.  Resting systolic and diastolic blood pressure 

were measured with a mercury sphygmomanometer following standard procedures.
16

  Mean 

arterial blood pressure was calculated by adding 2/3 of diastolic to 1/3 of systolic blood 

pressure.
21

  Fasting plasma levels of total cholesterol, HDL-cholesterol, triglycerides, white blood 

cell count, and glucose were determined by automated techniques in the Cooper Clinic 

laboratory, which meets quality control standards of the Centers for Disease Control and 

Prevention Lipid Standardization Program.
16

  Finally, serum uric acid was measured by the 

URCA method using a Dimension clinical chemistry system.
22

 

 

Part B: Relation between dietary patterns with diabetes and mortality 

 The purpose of this section was to determine whether the dietary patterns identified in 

Part A were related to diabetes, CVD mortality, and all-cause mortality; and whether these 

associations were confounded by fitness.  

Diabetes 

Participants were identified as having diabetes at the time of their baseline exam based on 

either a history of physician-diagnosed diabetes in the medical history questionnaire and/or a 

fasting blood glucose level ≥126 mg/dl.
23

   

Cardiovascular disease and all-cause mortality 
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After their baseline exam, participants were followed until they died, or until December 

31, 2003.  Possible decedents were identified from the National Death Index and verified with 

official death certificates from their home states.  The National Death Index has a sensitivity of 

96% and specificity of 100% in cohort studies.
24

  A nosologist coded the death certificates for the 

underlying and up to four contributing causes of death.  Cardiovascular disease mortality was 

defined by International Classification of Diseases, Ninth Revision (ICD-9) codes 390 to 449.9 

before 1999 and Tenth Revision (ICD-10) codes I00 to I78 from 1999-2003.  

Covariates 

Covariates included age, sex, year of examination, parental history of premature CVD (0 

= no, 1 = either parent had stroke or myocardial infarction before age 50), history of cancer (0 = 

no, 1 = any form of cancer prior to baseline), prevalent CVD (0 = no, 1 = stroke or myocardial 

infarction prior to baseline), smoking (never, former, current), alcohol, physical activity, and 

fitness.   Alcohol was coded as heavy drinker (≥5 drinks/week) or light or non-drinker (<5 

drinks/week).  One unit of alcohol was defined as 12 ounces (3.41 dl) of beer, 5 ounces (1.42 dl) 

of wine, or 1.5 ounces (0.43 dl) of liquor.  Physical activity was measured through a self-report 

questionnaire which assessed participant‟s physical activity patterns over the last three months.  If 

the participant reported partaking in an activity, they were asked to provide additional 

information about the frequency and distance or time spent in the activity.  This information was 

then used to divide participants into three categories, (1) inactive (no activity), (2) moderately 

active (sporting or leisure-time physical activity other than walking or jogging; or walk or jog up 

to 16 km/week), (3) highly active (walk or jog ≥16 km/week).
25

  Cardiorespiratory fitness was 

assessed by a symptom-limited maximal exercise treadmill test using a modified Balke protocol.
26

  

We defined low, moderate, and high fitness according to the lowest 20%, the middle 40%, and 

the upper 40%, respectively, of the age- and sex-specific distribution of maximal exercise 
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duration in the overall ACLS population.  These cut-points are from previous reports on the 

relation between fitness and all-cause mortality in the ACLS.
10

  Because there is no widely 

accepted categorization of fitness, and because we wanted to maintain consistency in our study 

methods, we continue to use the above approach.  Note that total energy intake was not included 

as a covariate in any of the regression analyses as we felt that this was, at least in part, within the 

causal pathway by which dietary patterns influence chronic disease and mortality risk.  

Furthermore, caloric intake is positively influenced by physical activity.
27

  Regardless, inclusion 

of absolute (kcal/day) or relative (kcal/kg body weight/day) energy intake values as an additional 

covariate in the regression models had a negligible effect on the risk estimates that are presented 

(data not shown).  

 

Statistical analysis 

Part A - Identification of dietary patterns 

RRR was used to identify dietary patterns that are predictive of chronic disease risk.  

RRR is a true multivariate statistical test in that several predictor and several response variables 

are included within a single analysis.  The goal of RRR is to identify linear functions of the 

predictor variables (eg, 24 food groups) by explaining as much variation as possible in the group 

of response variables (eg, 8 biomarkers indicative of chronic disease risk).
18, 19

  In order to choose 

the number of dietary patterns, a random sample cross-validation procedure was performed 
28, 29

 

in which 50 random subsets (each had 2% of the data randomly selected) were used as test sets. 

For each test set, the complete dataset, excluding observations in the test set, formed a training 

set.  RRR was performed 50 times on the 50 different training sets. Their predictions to the 

observations in the corresponding test sets were summarized [predicted residual sum of squares 

(PRESS)] and compared to several different dietary patterns.  The choice of the number of dietary 
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patterns for use was based on the comparison of these PRESSes.  Once the appropriate number of 

patterns was determined, those food groups with loadings of ≥0.2 within each dietary pattern 

were retained.
20, 30

  RRR was then repeated using only those food groups retained.       

Part B - Relation between dietary patterns with diabetes and mortality 

Quintiles of the dietary pattern scores developed in Part A were created.  Significant 

differences across quintiles for the covariates were assessed using a χ
2
 test for categorical 

variables and general linear model for continuous variables.  Linear regression for continuous 

variables and polytomous regression for categorical variables were further applied to identify 

trends across quintiles.  

Next, quintiles of the dietary pattern scores were used in a series of logistic and Cox 

proportional hazard regression analyses to predict the presence of diabetes at baseline (logistic) 

and CVD deaths and all-cause mortality over the follow-up period (Cox).  For each outcome four 

models were run.  The first model included age, sex, and year of examination as covariates.  In 

addition to these covariates, the second model included smoking, alcohol, parental history of 

CVD, prevalent CVD, and history of cancer.  The third model included the aforementioned 

covariates as well as self-reported physical activity categories.  Finally the fourth model differed 

from the third in that physical activity was replaced by fitness categories.  To examine the extent 

to which physical activity and fitness confounded the effect of dietary patterns on chronic disease 

and mortality risk, we examined the magnitude of change in the hazard ratios when physical 

activity and fitness were excluded (model 2) and included (models 3 and 4) in the models.  The 

proportion of the risk of a poor dietary pattern explained by the confounding effects of physical 

activity (or fitness) were then calculated as: (HRmodel2 – HRmodel3(or model4)) / (HRmodel2 – 1) × 100%.  

Logistic and Cox regression analyses were also used to examine the relationship between 

fitness categories, and combination of dietary and fitness categories, with the study outcomes.     
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 Data management and statistical analyses were performed with SAS version 9.1 (SAS 

Institute, Carry, NC).   

Statistical Power 

To ensure the study had adequate statistical power to detect meaningful risk effects for 

the dietary patterns, the power calculations suggested by Vaeth and Skovlund
31

 were completed 

(refer to Appendix F).  These calculations revealed that the study had at least 80% power to detect 

a twofold increased risk of diabetes, CVD, and all-cause mortality risk for subjects within in the 

poorest dietary quintile relative to the healthiest dietary quintile. 

 

Results 

Part A: Identification of dietary patterns 

 Baseline characteristics of the participants are summarized in Table 2.  Participants were 

primarily male (75.7%) with an average age of 47 years (range 20-84).  Based on self-reported 

physical activity, 49% of participants were moderately active while 25% where highly active.  

Sixty percent, however, had a high cardiorespiratory fitness.  The average caloric intake was 2151 

kcal per day.  Participants had an average BMI of 25.7 kg/m
2
, with 39.7% falling in the 

overweight range and 13.0% falling in the obese range.   

The correlation matrix between the biomarkers is shown in Table 3.  The correlations 

were weak to modest in strength, with the strongest found between BMI and uric acid (r=0.47) 

and the weakest between total cholesterol and HDL-cholesterol (r=0.06). 

Results from the RRR suggested that 5 dietary patterns existed and that 18 of the 24 food 

groups had loadings of ≥0.2.  Table 4 shows the percent variation in the multivariate biomarker 

index (labeled “Total”) and the 8 individual biomarkers that were explained by the 5 identified 
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dietary patterns.  Together, the 5 patterns explained 5.66% of the variation within the total 

biomarker index.  Pattern 1 explained 4.33% of the overall variation with the other 4 patterns only 

explaining an additional 1.33% between them.  Because the amount of variation explained by 

pattern 1 accounted for 76.50% of the total variation explained, this pattern is focused on in the 

rest of the paper.  As is shown in Table 4, pattern 1 explained 10.17% of the variation in uric acid, 

9.81% in BMI, 5.51% in HDL-cholesterol, 3.56% in triglycerides, 2.14% in white blood cell 

count, 1.69% in mean arterial pressure, 1.08% in glucose, and 0.70% in total cholesterol.   

The 6 key food groups that contributed to dietary pattern 1 (eg, factor loadings ≥ 0.2) 

were added fats, non-whole grains, processed meat, red meat, white potato products, and non-

citrus fruits.  Their respective loadings and correlation with the pattern score are shown in Table 

5.  When considered amongst all 18 food groups, the 6 key food groups explained 76.41% of the 

variation in the pattern score; the most important contributors were meat and non-whole grains.  

More details about the other 4 derived dietary patterns are contained within table 6. 

The RRR analysis was repeated after only including the 6 key food groups for dietary 

pattern 1.  The loadings and correlations for that analysis are also shown in Table 5.  Given the 

foods that contributed to this pattern and the direction of their factor loadings, this food pattern 

will be referred to as the “Unhealthy Eating Index” for the remainder of the manuscript.  The 

Unhealthy Eating Index score was based on the RRR analysis that was limited to the 6 key food 

groups in Table 5.   

Sensitivity analyses 

Two different sensitivity analyses were conducted to test the robustness of the RRR 

findings.  First, the RRR analysis was repeated 8 times to a reduced set of response variables.  In 

each instance one of the 8 biomarkers was removed from the complete set.  The first dietary 

pattern that was identified in these 8 repeated RRR analyses was comparable to the first pattern 
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that was identified using all 8 response variables (eg, the Unhealthy Eating Index).  There were 

some minor exceptions.  In particular, when BMI, HDL-cholesterol, and white blood cell count 

were removed, yogurt, alcohol, and poultry, respectively, also contributed to the dietary pattern.     

Next, the sample was randomly split in half and separate RRR analyses were run in the 2 

subsamples.  The dietary pattern developed in the first subsample was identical to the Unhealthy 

Eating Index.  The dietary pattern developed in the second subsample contained yogurt in 

addition to the 6 food groups found in the Unhealthy Eating Index.     

 

Part B: Relation between dietary pattern with morbidity and mortality 

The cohort was divided into quintiles based on the Unhealthy Eating Index developed in 

Part A.  The characteristics of participants across Unhealthy Eating Index quintiles are shown in 

Table 7.  The quintiles were different from each other for each of the variables listed in the table. 

Within the cohort there were 446 participants with diabetes, 136 deaths from CVD disease, and 

445 deaths from all causes.  The mean age of participants decreased from quintiles 1 through 5 

suggesting that younger participants had poorer dietary habits.  Total caloric intake increased 

steadily across quintiles, with quintile 5 having absolute (kcal/day) caloric intake values that were 

31.3% higher than quintile 1.  Those in quintile 1 also had a lower BMI when compared to those 

in quintile 5 (24.3 vs. 27.6 kg/m
2
).  The values of the remaining clinical variables also increased 

steadily from quintiles 1-5.  Finally, there were gradients in physical activity and fitness across 

the Unhealthy Eating Index quintiles.  The percentage of those in the low physical activity 

category increased from 15.2% in quintile 1 to 39.5% in quintile 5.  A similar trend was seen for 

fitness where the prevalence of those in the low fitness category increased from 4.6% in quintile 1 

to 16.8% in quintile 5.     
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Table 8 lists the results of the regression analyses in which quintiles of the Unhealthy 

Eating Index were associated with diabetes at baseline and CVD and all-cause mortality over the 

follow-up period.  After adjusting for age, sex, and year of examination in model 1, the odds 

ratios for diabetes increased from quintiles 1 through 5 in a graded manner (Ptrend < 0.001) such 

that participants in quintile 5 had 2.48 (95% confidence interval (CI): 1.77-3.47) greater odds of 

having diabetes than participants in quintile 1.  Conversely, for CVD mortality none of the hazard 

ratios in quintiles 2 to 5 reached statistical significance in comparison to quintile 1.  For all-cause 

mortality, the risks were not elevated in quintiles 2 to 4 relative to quintile 1.  However, quintile 5 

had a modest but significantly increased hazard ratio of 1.39 (95% CI: 1.02-1.90).  For each of 

the three outcome measures, further adjustment for family history of CVD, prevalent CVD, 

history of cancer, smoking, and alcohol in model 2 had a minimal impact on the risk estimates 

that were observed in model 1.    

We next considered whether the relations between the Unhealthy Eating Index with 

diabetes and all-cause mortality were confounded by physical activity (Table 8, model 3) and 

fitness (Table 8, model 4).  The risk estimates for all three outcomes did not change considerably 

after further controlling for physical activity (model 2 vs. model 3).  Only 24.5% of the increased 

risk for diabetes and 10.0% of the increased risk for all-cause mortality for participants within 

quintile 5 of the Unhealthy Eating Index was due to the confounding effect of physical activity.  

After controlling for fitness (model 4), the odds ratios for diabetes remained significantly higher 

within quintiles 3-5, they were however attenuated considerably.  For example, the results suggest 

that 51.6% of the increased risk for diabetes within quintile 5 in model 2 was due to the 

confounding effect of cardiorespiratory fitness.  For all-cause mortality, the risk estimates were 

no longer significant within quintile 5 after controlling for cardiorespiratory fitness.  Our results 
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suggest that 55.0% of the increased risk for all-cause mortality within quintile 5 observed in 

model 2 was due to the confounding effect of cardiorespiratory fitness.  

The differences in risk across high, moderate and low physical activity categories for 

model 3 in Table 8 were as follows: 1.00, 1.21 (95% CI: 0.93-1.58), and 2.04 (95% CI: 1.54-2.7) 

for diabetes; 1.00, 0.70 (95% CI: 0.48-1.04), and 1.01 (95% CI: 0.64-1.60) for CVD mortality; 

and 1.00, 0.89 (95% CI: 0.71-1.11), and 1.16 (95% CI: 0.89-1.49) for all-cause mortality.  When 

looking at model 4, the differences in risk across high, moderate, and low fitness categories were: 

1.00, 2.59 (95% CI: 2.06-3.24), and 5.81 (95% CI: 4.44-7.59) for diabetes; 1.00, 1.26 (95% CI: 

0.85-1.88), and 3.16 (95% CI: 1.9-5.12) for CVD mortality; and 1.00, 1.32 (95% CI: 1.06-1.62), 

and 2.41 (95% CI: 1.80-3.22) for all-cause mortality.  Removal of the Unhealthy Eating Index 

quintile from the model had a minimal impact on the risk estimates for both physical activity and 

fitness (data not shown).   

To further illustrate the independent effects of diet and fitness, participants were divided 

into groups based on their fitness and Unhealthy Eating Index.  For this analysis, the Unhealthy 

Eating Index scores were grouped into three categories: low (quintiles 1-2), medium (quintiles 3-

4), and high (quintile 5) in a similar but inverted manner to which the 3 fitness groups were 

created (eg, the lowest quintile for fitness vs. the highest quintile for the Unhealthy Eating Index 

indicate the highest-risk participants).  The fitness and diet groups were then cross-tabulated to 

created 9 total groups (3 fitness × 3 diet groups).  As shown in the left panel of Figure 1, both 

fitness and unhealthy eating were independent predictors of diabetes (Ptrend < 0.0001).  Thus, 

within a given fitness category the likelihood of having diabetes was higher when moving from 

the low to high Unhealthy Eating Index category.  Conversely, within a given Unhealthy Eating 

Index category, the likelihood of having diabetes increased when moving from the high fitness 

group to the low fitness group.  As illustrated in the right panel of Figure 1, fitness (Ptrend < 
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0.0001) but not unhealthy eating (Ptrend=0.071) significantly predicted all-cause mortality risk.  

Thus, for any given level of fitness the risk of all-cause mortality did not differ across the 

Unhealthy Eating Index categories.  No significant interactions between the fitness and unhealthy 

eating categories were found for diabetes (P=0.59) or all-cause mortality (P=0.26).   

 

Discussion 

In this large sample of men and women, one dominant dietary pattern emerged.  This 

pattern, labeled the Unhealthy Eating Index, was characterized by a higher intake of red meat, 

added fat, and simple carbohydrates, and a lower intake of non-citrus fruits.  The Unhealthy 

Eating Index was associated with diabetes and all-cause mortality risk; however, these relations 

were highly confounded by cardiorespiratory fitness.   

 

Part A: Identification of dietary patterns 

 Principal component and cluster analyses have traditionally been used in nutrition 

research to derive dietary patterns.  In principal component analysis factor scores are derived by 

combining food items/groups based on the degree to which they are correlated with one another.  

In cluster analysis groups of individuals with similar dietary habits are identified.  Conversely, the 

RRR employed in the present study determined dietary patterns by identifying food groups that 

were predictive of chronic disease risk factors in a multivariate model.  Since RRR is based on 

both dietary data and prior knowledge of appropriate response variables, it is a mix of an 

exploratory and a hypothesis-oriented approach that is considered to be more methodologically 

sound than traditional approaches.
6
   

The Unhealthy Eating Index derived using RRR in the present study is similar to dietary 

patterns that have previously been derived using the same statistical approach.  For example, 
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within a large cohort of European adults a dietary pattern characterized by high consumption of 

red meat, processed meat, poultry, non-whole grains, legumes, beer, and sugary soft drinks, and a 

low consumption of fresh fruit was identified using glycosylated hemoglobin (HbA1c), HDL-

cholesterol, C-reactive protein, and adiponectin as the response variables.
32

  Within the Coronary 

Risk Factors for Atherosclerosis in Women Study, a dietary pattern high in meat, margarine, 

poultry, and sauce, and low in vegetarian dishes, wine, vegetables, and whole-grain cereals was 

identified using HDL-cholesterol, LDL-cholesterol, lipoprotein(a), C-peptide, and C-reactive 

protein.
33

  Within these two studies the food patterns explained 7.4% 
32

 and 7.8% 
33

 of the 

variation in the response variables, which is slightly higher than the variation of 4.33% that was 

observed in the current study.  That similar dietary patterns to the Unhealthy Eating Index were 

identified in different cohorts, despite the fact that different dietary assessment tools and different 

biomarker response variables were considered, demonstrates the robustness of these findings.       

 

Part B: Relation between dietary pattern with morbidity and mortality 

 Within our study higher Unhealthy Eating Index scores were associated with a greater 

likelihood of diabetes in a cross-sectional analysis but not with a higher risk of CVD mortality in 

a prospective analysis.  The different associations with diabetes and CVD mortality may be 

explained by the fact that the BMI and uric acid were the two biomarkers that were the most 

strongly related to the Unhealthy Eating Index, and that these biomarkers are stronger risk factors 

for diabetes than for CVD.  A recent meta-analysis reported that, by comparison to those with a 

normal BMI, individuals with an obese BMI have a 3.73 times greater risk of type 2 diabetes 

versus a 2.24 times greater risk of coronary artery disease and a 1.50 greater risk of stroke.
34

  A 

recent study by Dehghan and colleagues found that individuals with high uric acid levels had a 
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68% increased risk of diabetes in comparison to those with normal levels.
35

  Conversely, little or 

no association between uric acid and CVD risk has been found.
36-39

   

A number of recent studies have reported increased risks of morbidity and mortality in 

relation to dietary patterns identified using RRR.
20, 33, 40-42

  For example, Hoffmann and colleagues 

reported that individuals with unfavorable diets were 61% more likely to die of all causes than 

those with more favorable diets.
20

  Similarly, Schulze and colleagues found a two- to three-fold 

increased risk of diabetes for those with a poor score on the identified diet pattern in comparison 

to those with a good score.
41

  Several studies using other methods to derive dietary patterns, such 

as principal component analysis, also have found moderate to strong relationships between 

dietary patterns with diabetes,
43, 44

 cardiovascular disease,
45, 46

 and all-cause mortality.
47, 48

   

Although previous studies controlled for physical activity when examining the relation 

between dietary patterns with chronic disease and mortality risk, without exception these studies 

relied on self-reported measures of physical activity.  For instance, McNaughton and colleagues 

examined dietary patterns that were predictive of diabetes within the Whitehall II study.
42

  The 

physical activity questionnaire employed in that study asked participants how often they 

participated in sports or activates that were mildly energetic, moderately energetic, or vigorous.  

Participants had 4 response options ranging from „3 times a week or more‟ to „never/hardly ever‟.  

Participants were then asked to give the average number of hours per week spent in each 

intensity.
49

  Measuring physical activity as such is problematic as it is well established that both 

the volume and intensity of physical activity is likely to be over reported.
12

  Moreover, 

questionnaire measures of physical activity are only modestly correlated with objective 

measures.
12, 13, 50

  Thus, the confounding effects of physical activity on the relation between 

dietary patterns with chronic disease and mortality risk may not have been fully controlled for in 

the existing literature.   
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Cardiorespiratory fitness was used as a marker of physical activity in our study, and we 

feel that by employing an objective measure, we were better able to control for the confounding 

influence of physical activity.   Although fitness has a genetic component,
51

 fitness is in large 

measure a reflection of an individuals physical activity habits over recent months and weeks.
12, 17

  

In the ACLS 6-month physical activity records obtained before an exercise test showed 

correlations ranging from 0.66 to 0.83 for the activity records and treadmill test results, indicating 

that fitness is primarily determined by recent exercise habits.
52

  Within the present study, fitness 

was strongly related to the Unhealthy Eating Index and was a strong independent risk factor for 

the diabetes and mortality outcomes examined, confirming that it was an important confounder to 

consider.  Indeed, after controlling for fitness, the relation between the Unhealthy Eating Index 

and diabetes was severely attenuated, and the relation between the Unhealthy Eating Index and 

all-cause mortality was attenuated to the point that it was no longer significant.  Conversely, after 

controlling for physical activity, the relation between the Unhealthy Eating Index and both 

diabetes and all-cause mortality was only minimally attenuated.  These finding confirm the a 

priori research hypothesis, and suggest that future studies need to employ objective measures of 

physical activity.   

The combined effects of diet and fitness were also assessed in our study.  Consistent with 

van Dam and colleagues, the combination of a high score on the Unhealthy Eating Index with a 

low level of fitness was associated with a particularly high risk for diabetes.
44

  That is, both 

fitness and dietary patterns were independently related to diabetes.  In contrast, fitness alone was 

an independent risk factor for all-cause mortality.  Thus, for a given fitness level (low, moderate, 

or high) there was no significant effect of dietary patterns on mortality risk.      

As with any study, this one had several limitations.   Self-reported dietary data are prone 

to a variety of unintentional measurement errors.  One such bias that has become well-established 
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is a response set reflecting a tendency to present a diet that adheres more closely to social norms 

and public health recommendations.
7, 8, 53

  The ACLS participants who completed 3-day diet 

records did so voluntarily with the knowledge that they would be reviewing their diet records 

with a dietician.  Therefore, additional selection and reporting biases may have been introduced.  

Furthermore, 3 days of dietary intake may not be an accurate representation of habitual intake.  

Validation studies have suggested that obtaining diet records over 7 days would be more 

appropriate for establishing long-term intake.
54, 55

   Despite the limitations of the methods used to 

assess dietary intake, 3-day diet records have been shown to be a more accurate representation of 

actual food intake than food frequency questionnaires
56, 57

 which have been routinely used in 

similar studies.
32, 33, 40

  In addition to the limitations inherent to the measurement of dietary intake, 

it is important to recognize that the generalizability of the results is restricted given that the ACLS 

cohort is predominantly white and from middle and upper socioeconomic strata.  Nevertheless, 

the homogenous nature of the sample ensures internal control over factors such as ethnicity and 

socioeconomic status.  Finally, the cross-sectional nature of the diabetes analysis did not allow for 

the identification of a causal relationship due to uncertainty regarding the timing of exposure and 

outcome.  Therefore, further prospective studies within this population are needed to examine the 

effect of diet on diabetes using dietary patterns to characterize exposure.        

In conclusion, a dietary pattern high in processed meat, red meat, added fats, non-whole 

grains, and white potato products and low in fresh fruit was a risk factor for diabetes and all-cause 

mortality.  However, the diet-disease relationship was largely confounded by fitness.  Future 

research in nutritional epidemiology needs to do develop improved methods of both measuring 

and controlling for physical activity as well as diet. 
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Table 1.  Food groups included in initial RRR analysis and corresponding loadings, Aerobics Center 

Longitudinal Study 1987-1999 

Food Group Food group components Loading 

dietary 

pattern 1 

Loading 

dietary 

pattern 2 

Loading 

dietary 

pattern 3 

Loading 

dietary 

pattern 4 

Loading 

dietary 

pattern 5 

Alcohol Beer, wine, spirits, hard liquor 0.095 0.668 -0.304 0.244 0.165 

Added sugar Brown sugar, white sugar, honey, molasses, maple syrup 

 

0.062 -0.185 -0.035 -0.319 -0.068 

Cheese Block cheese, cream cheese, processed cheese, cottage 

cheese 

0.104 -0.089 0.113 0.389 -0.522 

Milk Skim, 1%, 2%, full fat, powder milk -0.078 -0.320 0.053 0.081 0.340 

Yogurt Greek, fruit, regular, liquid -0.193 -0.110 -0.090 0.360 -0.025 

Added Fat Oil, dressing, mayonnaise, butter, margarine 0.365 0.019 0.092 -0.062 -0.184 

Citrus fruit Oranges, lemons, limes, grapefruit -0.178 -0.130 -0.309 -0.087 0.183 

Non-citrus fruit All fruit that are not citrus (e.g. grapes, apples, bananas, 

mangos, papaya, kiwi) 

-0.305 -0.218 -0.351 0.011 0.179 

Non-whole grains Enriched, unenriched, and fortified white flour foods 

(e.g. white bread, white rice, white pasta, croissants) 

0.302 -0.354 -0.199 0.243 0.054 

Whole grains  Whole flour foods (e.g. whole wheat bread, spelt bread, 

brown rice, whole wheat pasta) 

-0.151 -0.239 -0.382 -0.100 0.132 

Legumes Dry beans and peas 0.057 -0.154 -0.126 0.017 0.084 

Eggs Any egg product (e.g. scrambled eggs, egg whites, 

poached egg) 

0.143 0.047 0.222 0.406 0.161 

Seafood Fish, shellfish and other seafood 0.014 0.262 -0.286 -0.154 0.025 

Processed meat Frankfurters, sausages, luncheon meats 0.242 0.072 0.191 0.136 0.118 

Red meat Cooked beef, pork, veal, lamb, and game 0.492 0.070 0.127 0.035 0.201 

Nuts All nut varieties and nut butters (e.g. cashews, almonds, 

peanuts, pecans) 

-0.040 0.024 -0.082 -0.160 -0.004 

Poultry Cooked chicken, turkey and other poultry 0.188 -0.057 -0.349 0.023 -0.524 

Soy All soy products (e.g. soy milk, tofu, veggie burgers) -0.021 -0.059 -0.016 -0.003 -0.192 

Deep yellow 

vegetables 

All deep yellow vegetables (e.g. yellow peppers, carrots) -0.155 -0.032 -0.178 0.189 -0.030 

Green vegetables All green vegetables (e.g. broccoli, spinach, Brussels 

sprouts) 

-0.175 0.034 -0.208 0.345 -0.219 

Other vegetables All excluding dark green, deep yellow, and starchy 

vegetables, legumes, and white potatoes (e.g. 

mushrooms, beets) 

-0.140 0.130 -0.124 0.214 -0.049 

White potato 

products 

White potatoes and potato products (baked potato, 

French fries, mashed potatoes 

0.348 -0.102 -0.066 0.008 0.005 

Starchy Vegetables Sweet potatoes, yams, squash, corn 0.035 -0.086 -0.190 -0.151 0.091 

Tomatoes All varieties (cherry, grape) -0.050 -0.017 -0.106 0.115 -0.010 
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Table 2.  Baseline characteristics of participants
a
, Aerobics Center Longitudinal Study 1987-1999 

Variable Mean or Prevalence 

General characteristics  

N 13 621 

Age (years) 47.0 (10.2) 

Men (%) 75.7 

Women (%) 24.3 

Physical activity (%)  

    Low 25.9 

    Moderate 49.1 

    High 25.0 

Cardiorespiratory fitness (%)  

     Low 9.0 

     Moderate 30.8 

     High 60.2 

Smoking status (%)  

Never smoker 55.9 

Former smoker 33.2 

Current smoker 10.9 

Alcohol intake (%)  

Light or non-drinker (< 5 drinks/week) 86.8 

Heavy drinker (≥ 5 drinks/week) 13.2 

Energy intake  

    Absolute (kcal/day) 2151 (711) 

    Relative to weight (kcal/kg/day) 12.6 (4.4) 

Clinical variables  

Body mass index (kg/m
2
) 25.7 (4.2) 

Mean arterial pressure (mm Hg) 94 (10) 

Total cholesterol (mg/dl) 207.4 (40.3) 

HDL-cholesterol (mg/dl) 51.6 (15.6) 

Triglycerides (mg/dl) 123.3 (90.9) 

Fasting glucose (mg/dl) 99.2 (17.1) 

Uric acid (mg/dl) 5.5 (1.5) 

White blood cell count (cells/mm
3
) 5903 (1444) 

a
Data presented as mean (standard deviation) for continuous variables or prevalence for categorical 

variables 
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Table 3.  Pearson correlation coefficients
a
 (r values) between the biomarker response variables, Aerobics Center Longitudinal Study 1987-1999 

  Mean arterial 

pressure 

Total 

cholesterol 

HDL-

cholesterol 

Triglycerides Fasting 

glucose 

Uric acid White blood 

cell count 

Body mass index  0.35 0.19 -0.39 0.35 0.24 0.47 0.23 

Mean arterial pressure   0.20 -0.17 0.24 0.20 0.30 0.09 

Cholesterol   0.06 0.36 0.12 0.21 0.09 

HDL-cholesterol    -0.42 -0.15 -0.40 -0.18 

Triglycerides     0.22 0.34 0.20 

Fasting glucose      0.14 0.09 

Uric acid       0.16 

 

a
All correlations were significant (P < 0.0001)
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Table 4.  Percent variation in clinical biomarkers explained by the 5 identified dietary patterns, 

Aerobics Center Longitudinal Study 1987-1999 

 Dietary Pattern 
 

Clinical 

Biomarker 

1 

(Unhealthy 

Eating Index) 

2 3 4 5 Total
a
 

Total 

biomarker 

index
b
 

4.33 0.86 0.29 0.11 0.07 5.66 

Uric acid 10.17 0.57 0.54 0.04 0.09 11.39 

Body mass 

index 

9.81 0.03 0.16 0.16 0.1 10.26 

HDL-

cholesterol 

5.51 3.67 0.03 0.17 0.01 9.39 

Triglycerides 3.56 0.07 0.01 0.06 0.04 3.74 

White blood 

cell count 

2.14 0.03 1.24 0.01 0.02 3.44 

Mean arterial 

pressure 

1.69 0.16 0.24 0.03 0.26 2.38 

Fasting 

glucose 

1.08 0.16 0.01 0.08 0.06 1.39 

Total 

cholesterol 

0.70 2.22 0.13 0.34 0.02 3.28 

a
“Total” column represents the total % variation in biomarkers explained by the 5 dietary patterns 

combined 
b
“Total biomarker index” row represents the total % variation for all 8 biomarkers combined 

explained by the identified dietary patterns 
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Table 5.  Food group components of the Unhealthy Eating Index (the first dietary pattern) and corresponding loadings, Aerobics Center Longitudinal Study 

1987-1999 

  RRR using 18 food groups  RRR using 6 key food groups only 

Food  

Group 

Food Group Contents Standardized 

parameter score 

(loading) 

Pearson 

correlation with 

dietary pattern 

score 

Explained 

proportion of 

score variation
a
 

(%) 

 Standardized 

parameter score 

(loading) 

Pearson 

correlation with 

dietary pattern 

score 

Explained 

proportion of 

score variation
a 

(%) 

Red meat Cooked meat from beef, 

pork, veal, lamb, and game 

 

0.50 0.69 25.00  0.57 0.77 32.74 

Added fat Added butter, margarine, 

oils, and dressings 

 

0.37 0.51 13.69  0.42 0.57 17.86 

White 

potato 

products 

White potatoes including 

such things as french fries 

and mashed potatoes 

 

0.35 0.48 12.25  0.40 0.54 16.33 

Non-whole 

grains 

All grain products that are 

enriched, unenriched, or 

fortified (e.g. white bread, 

white pasta, cereals) 

 

0.31 0.42 9.61  0.35 0.47 12.50 

Processed 

meat 

Frankfurters, sausages, and 

luncheon meats 

 

0.25 0.34 6.25  0.28 0.38 7.99 

Non-citrus 

fruit 

All fruit except for citrus 

(lemon, lime, orange, 

grapefruit) 

 

-0.31 -0.43 9.61  -0.35 -0.48 12.58 

Total    76.41    100 

a
Calculated as the square of the standardized parameter score multiplied by 100%
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Table 6.  Derived dietary patterns 2-5 with corresponding loadings, Aerobics Center Longitudinal Study 1987-

1999 

Food Pattern Food Groups Loadingsa 

2 Alcohol 0.684 

Fish 0.270 

Non-whole grains -0.365 

Milk -0.326 

Whole grains -0.238 

Non-citrus fruit -0.213 

3 Eggs 0.235 

Processed meat 0.202 

Whole grains -0.410 

Poultry -0.375 

Non-citrus fruit -0.375 

Citrus -0.327 

Alcohol -0.296 

Fish -0.296 

Non-whole grains -0.223 

Green vegetables -0.218 

4 Eggs 0.431 

Cheese 0.392 

Yogurt 0.386 

Green vegetables 0.364 

Alcohol 0.261 

Non-whole grains 0.252 

Other vegetables 0.231 

Added sugar -0.342 

5 Milk 0.340 

Citrus 0.209 

Red meat 0.204 

Cheese -0.554 

Poultry -0.520 

Green vegetables -0.225 

aLoadings correspond to RRR analysis ran with only those food groups that loaded 0.2 or more after the initial RRR 

analysis that included all 24 food groups (eg, 18 food groups loaded 0.2 or more therefore RRR was run to extract 5 

food patterns using 18 food groups). 
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Table 7.  Baseline characteristicsb across quintiles of the Unhealthy Eating Index, Aerobics Center Longitudinal Study 1987-1999 

 
  Quintiles of the Unhealthy Eating Indexa  

 Q1 (Healthiest) Q2 Q3 Q4 Q5 (Least Healthy) 

General characteristics      

N 2724 2724 2725 2724 2724 

Age, years 50.0 (10.7) 48.1 (10.0) 47.3 (10.2) 45.2  (9.6) 43.7 (9.3) 

Men (%) 60.7 65.5 74.6 83.6 94.1 

Women (%) 39.3 34.5 25.4 16.4 5.9 

Physical activity ( %)      

     Low 15.2 19.9 25.8 29.0 39.5 

     Moderate 49.7 51.6 50.0 49.5 44.7 

     High 35.1 28.5 24.2 21.5 15.8 

Cardiorespiratory fitness ( %)      

     Low 4.6 5.4 7.6 10.6 16.8 

     Moderate 21.6 27.0 30.6 34.5 40.3 

     High 73.8 67.6 61.8 54.9 42.9 

Smoking status (%)      

Never smoker 60.1 57.9 56.0 55.3 50.3 

Former smoker 35.0 24.7 34.1 31.4 31.1 

Current smoker 5.0 7.4 9.9 13.4 18.6 

Alcohol intake (%)      

Light or non-drinker  (< 5 drinks/week) 92.9 90.3 87.8 83.3 79.6 

Heavy drinker ( ≥ 5 drinks/week) 7.1 9.7 12.2 16.7 20.5 

Energy intake      

    Absolute (kcal/day) 1834 (576) 1922 (558) 2064 (553) 2265 (585) 2668 (894) 

    Relative to weight (kcal/kg/day) 11.9 (4.2) 11.9 (3.8) 12.3 (3.9) 12.8 (3.9) 14.1 (5.5) 

Clinical variables      

Body mass index (kg/m2) 24.3 (3.9) 24.9 (3.6) 25.5 (3.9) 26.3 (4.3) 27.6 (4.5) 

Mean arterial pressure (mm Hg) 92 (11) 93 (10) 93 (10) 94 (10) 96 (10) 

Total cholesterol ( mg/dl) 203.6 (39.2) 206.2 (40.7) 207.6 (40.0) 208.3 (40.8) 211.3 (40.5) 

HDL-cholesterol ( mg/dl) 55.9 (16.7) 54.0 (16.3) 52.3 (15.6) 49.5 (14.4) 46.3 (13.0) 

Triglycerides, (mg/dl) 101.2 (65.1) 113.0 (86.2) 119.8 (78.6) 133.1 (97.0) 149.2 (112.6) 

Fasting glucose (mg/dl) 97.1 (14.2) 98.5 (16.5) 98.8 (14.4) 100.1 (19.8) 101.6 (19.3) 

Uric acid (mg/dl) 5.0 (1.4) 5.2 (1.4) 5.5 (1.4) 5.8 (1.4) 6.1 (1.4) 

White blood cell count (cells/mm3) 5641 (1411) 5764 (1418) 5906 (1427) 5964 (1394) 6239 (1505) 

aSignificant differences (P <0.05) between quintiles for all variables  
bData presented as mean (standard deviation) for continuous variables or prevalence for categorical variables   
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Table 8.   Risk of diabetes, cardiovascular disease mortality, and all-cause mortality across quintiles of the Unhealthy Eating Index; Aerobics Center Longitudinal Study 1987-1999 

 Quintiles of Unhealthy Eating Index   

 Q1 

(Health

iest) 

Q2 Q3 Q4 Q5 (Least Healthy) P for trend 

Prevalent Diabetes referent OR  95% CI OR  95% CI OR  95% CI OR  95% CI  

Model 1* 1.00 1.52  1.09-2.13 1.57  1.12-2.20 1.97  1.41-2.75 2.48  1.77-3.47 <0.0001 

Model 2** 1.00 1.55  1.11-2.17 1.59  1.14-2.23 2.01  1.43-2.81 2.55  1.81-3.58 <0.0001 

Model 3*** 1.00 1.48 1.06-2.08 1.47 1.05-2.06 1.81 1.29-2.55 2.17 1.53-3.07 <0.0001 

Model 4**** 1.00 1.48  1.06-2.08 1.42  1.01-1.99 1.62  1.15-2.29 1.75  1.23-2.49 0.0037 

CVD Mortality referent HR  95% CI HR  95% CI HR  95% CI HR  95% CI  

Model 1* 1.00 1.19 0.74-1.93 0.93 0.55-1.57 1.26  0.74-2.15 1.36  0.77-2.42 0.36 

Model 2** 1.00 1.25  0.77-2.02 0.98  0.58-1.67 1.29  0.75-2.23 1.38  0.77-2.47 0.34 

Model 3*** 1.00 1.25 0.77-2.03 0.99 0.58-1.68 1.30 0.75-2.25 1.39 0.77-2.53 0.33 

Model 4**** 1.00 1.23  0.76-2.00 0.92 0.54-1.57 1.16  0.67-2.01 1.10 0.61-2.01 0.86 

All-Cause Mortality referent HR  95% CI HR  95% CI HR  95% CI HR  95% CI 
 

Model 1* 1.00 1.05 0.80-1.37 1.06  0.80-1.39 1.03 0.76-1.41 1.39  1.02-1.90 0.10 

Model 2** 1.00 1.06 0.81-1.39 1.09 0.82-1.43 1.04  0.76-1.43 1.40  1.02-1.91 0.10 

Model 3*** 1.00 1.05 0.80-1.38 1.07 0.80-1.41 1.03 0.75-1.41 1.36 0.99-1.87 0.15 

Model 4**** 1.00 1.05  0.80-1.37 1.03 0.78-1.36 0.96  0.70-1.31 1.18  0.86-1.64 0.55 

* Adjusted for age, gender, and year of examination 

** Adjusted for age, gender, year of examination, parental history of cardiovascular disease, history of cardiovascular disease, history of cancer, smoking, and alcohol 

*** Adjusted for age, gender, year of examination, parental history of cardiovascular disease, history of cardiovascular disease, history of cancer, smoking, alcohol, and physical activity  

**** Adjusted for age, gender, year of examination, parental history of cardiovascular disease, history of cardiovascular disease, history of cancer, smoking, alcohol, and fitness
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Figure 1.  Diabetes and all-cause mortality risk according to categories of cardiorespiratory fitness and the Unhealthy Eating Index, Aerobics 

Center Longitudinal Study 1987-1999 
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Chapter 4 

Summary and Conclusions 

 

4.1 Summary of Key Findings 

The primary purposes of this thesis were to (1) derive dietary patterns predictive of 

chronic disease biomarkers, (2) assess the relationship between the newly derived dietary patterns 

with diabetes and mortality risk while controlling for the confounding effect of cardiorespiratory 

fitness, and (3) examine the combined effects of dietary patterns and fitness on diabetes and 

mortality risk.        

One primary dietary pattern, labeled the “Unhealthy Eating Index”, was identified.  This 

pattern was characterized by a large consumption of processed meat, red meat, white potato 

products, non-whole grains, added fat, and a small consumption of non-citrus fruits.  After 

controlling for all of the covariates with the exception of fitness, participants in the highest 

quintile of the Unhealthy Eating Index had a 55% higher risk of developing diabetes and a 40% 

higher risk of dying from all-causes in comparison to participants in the lowest quintile of the 

Unhealthy Eating Index.  After further controlling for fitness, the risk for diabetes and all-cause 

mortality associated with the Unhealthy Eating Index were reduced by about half.  Surprisingly, 

the Unhealthy Eating Index was not a significant predictor of cardiovascular disease mortality 

before or after controlling for fitness.  

In analyses that considered the combined effects of the Unhealthy Eating Index and 

fitness, it was revealed that both variables independently predicted diabetes.  However, fitness 
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alone significantly predicted all-cause mortality risk.  Thus, for any given fitness level, the risk of 

all-cause mortality did not differ across the Unhealthy Eating Index categories.   

   

4.2 Limitations of the Thesis 

This thesis has several limitations that warrant discussion.  First, the generalizability of 

the results are limited as the study sample was primarily comprised of Caucasian men and women 

of middle to high socioeconomic status.  However, the homogenous nature of the sample ensured 

internal control over factors such as ethnicity and socioeconomic status.  Second, because the 

dietary data were self-reported, measurement error and bias was likely.  One such bias that has 

become well-established is a response set reflecting a tendency to present a diet that adheres more 

closely to social norms and public health recommendations.
1-3

  The Aerobics Center Longitudinal 

Study (ACLS) participants who completed 3-day diet records did so voluntarily with the 

knowledge that they would be reviewing their diet records with a dietician.  Therefore, additional 

selection and reporting biases may have been introduced.  For example, it is likely that 

misclassification occurred in that participants were classified as having healthy diets when in 

reality they did not.  Such misclassification would bias results towards the null.   Furthermore, 3 

days of dietary intake may not be an accurate representation of habitual intake.  Validation studies 

have suggested that 7-day diet records more closely approximate habitual dietary intake.
4, 5

  

Third, the definition and number of food groups in the reduced rank regression (RRR) analysis 

may have influenced the patterns that were identified.
6
  Because much of the dietary information 

from the ACLS was already pre-grouped within the database, I had limited control over the 

definition and number of food groups that were included in the RRR analysis.  Fourth, due to the 

cross-sectional nature of the diabetes analyses it was impossible to identify temporality.  Finally, 
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fitness was used as a proxy measure for physical activity habits.  While cardiorespiratory fitness 

is strongly related to physical activity habits over recent months and weeks,
7-9

 there is also a 

significant genetic component to cardiorespiratory fitness.
10

  

 

4.3 Strengths of the Thesis 

Despite its limitations, the research conducted for this thesis has several strengths that 

warrant recognition.  First, although 7-day diet records are ideal, 3-day diet records have been 

shown to be a more accurate representation of actual food intake than food frequency 

questionnaires
11, 12

 which have been routinely used in similar studies.
13-15

  Therefore, the use of a 

3-day diet record in the present study is a methodological strength in comparison to the vast 

majority of the previous literature in this topic area.  As well, this is the first study examining the 

diet-disease relationship that used an objective measure of physical activity (e.g., 

cardiorespiratory fitness) as a covariate.  Furthermore, this study used RRR as a means of 

deriving dietary patterns.  This method combines the advantages of both a priori and a posteriori 

methods while minimizing their weaknesses.  Finally, this study used a large sample of 

participants which allowed me to establish and cross-validate the dietary patterns, and ensured 

that there was adequate statistical power to examine the association between the dietary 

behaviours and health outcomes.     

 

4.4 Public Health and Policy Implications 

The current study and previous literature in this area indicate that dietary patterns high in 

added fats, non-whole grains, processed meats, white potato products, and low in fruits, increase 
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morbidity and mortality risk.  In response to such findings, several nutrition policies have been 

put into action in Canada to help consumers make healthier food choices.  For example, in 2007 

nutrition labeling became mandatory for all prepackaged foods, the Trans Fat Task Force was 

developed, and the new and improved Food Guide was released.
16

  However, further action could 

be taken by restricting advertising of junk food, adding taxes to unhealthy foods, and subsidizing 

fresh fruits and vegetables to decrease their cost to consumers.  While further research is needed 

on the effectiveness of such policies,
17, 18

 a recent report suggests that improvements in eating 

patterns at the population-level would be seen if the above initiatives were jointly implemented.
17

       

Not only was fitness a key confounder in the diet-disease relationship, the results from 

this study suggest that fitness (and subsequently physical activity) is a much stronger risk factor 

for morbidity and mortality than is dietary patterns.  When coupled with the high prevalence of 

physical inactivity in Canada,
19

 this finding suggest that the balance between nutrition and 

physical activity initiatives in public health should weight more heavily towards physical activity.  

This, however, appears to be the opposite of current priorities in Canada.  For example, an entire 

Directorate at Health Canada, the Office of Nutrition Policy and Promotion, is dedicated to 

nutrition.  On the other hand, the Centre for Health Promotion Directorate of the Public Health 

Agency of Health Canada, which is responsible for physical activity, is comprised of 5 units, and 

physical activity is only a component of one of these units.   While it is difficult to quantify the 

magnitude of resources devoted to nutrition and physical activity at the government level, these 

data clearly suggest that priority is given to nutrition over physical activity.  

 



 

109 

 

4.5 Future Research Directions 

 Future research assessing the diet-disease relationship should consider using the methods 

employed in this thesis, including diet records to measure food intake in place of food frequency 

questionnaires, reduced rank regression to determine dietary patterns instead of the more 

commonly used but flawed a priori and a posteriori methods, and objective measures of physical 

activity as a covariate.     

To my knowledge, few studies have examined the dietary patterns of children in relation 

to chronic disease risk factors.
20

  Studies to date have focused on adult populations.  Studies in 

children are needed as their dietary preferences are different than those in adults.  Establishing 

healthy dietary patterns in the early years of life may prevent disease development later in life
21

 

and could also immediately improve the health and well-being of the child.
22

  Furthermore, the 

literature review (Chapter 2) revealed that few published studies have examined dietary patterns 

and their relation to disease within non-Caucasian ethnic groups.  Studying the diet-disease 

relationship in a variety of ethnic populations could be very enlightening.  Research has identified 

that differences exist in the dietary patterns of various ethnic groups.
23-25

  However, whether or 

not these different dietary patterns contribute to differences in disease risk has not been fully 

investigated.     
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Appendix A 

Description of the Aerobics Center Longitudinal Study 

 

Overview 

Data from the Aerobics Center Longitudinal Study (ACLS) was used for this thesis.  The 

ACLS is a prospective, observational study of men and women who participated in a clinical 

exam at the Copper Clinic in Dallas, Texas starting in 1970 with mortality matching performed to 

2003.  ACLS participants are predominantly (>95%) non-Hispanic white, well educated, 

employed in professional or executive occupations, and of middle to high socioeconomic status.    

The Cooper Institute in Texas is comprised of two main facilities, a fitness centre and a 

clinical examination center.  Only a small fraction (<5%) of participants in the ACLS are 

members of the fitness centre (personal communication with Dr. Steven Blair, former President 

and CEO of the Cooper Institute).  Health and clinical measurements in the cohort are comparable 

to that in other study populations such as the College Alumni Study,
1
 the Canada Fitness Sruvey,

2
 

The Lipid Research Clinics Program,
3
 and NHANES III.

4
   

 

Recruitment 

   The Cooper Clinic is a preventive medical practice that is open to all.  The clinic has a 

marketing department that does broad marketing of clinic services via mass media and among 

occupational groups.  Participation is completely voluntary.  Patients come from all 50 states and 

from several foreign countries.  Most are self-referred, although a substantial (but unknown) 

number are referred by their employers for the examination.  When booking an exam at the clinic, 

individuals were asked if they were interested in participating in the ACLS cohort study.     
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Clinical Examination and Interviews 

Upon their visit to the clinic, those who agreed to participate in the ACLS study filled out 

a consent form followed by the medical history questionnaire; they then proceeded to their 

physical examination conducted by a physician.  Data collected in the medical history 

questionnaire and during the clinical exam are listed in Table 1.  The medical history 

questionnaire, provided in Appendix B, was self-administered and included demographic, family 

history, and personal health habits components.  Physical examination procedures were 

conducted in a standardized manner by trained personnel.     

 As shown in Table 1, 3-day food records were an optional component of the medical 

history questionnaire.  When asked whether or not they were interested in being part of the ACLS 

study, those who responded „yes‟ were also asked if they would like dietary counseling.  Those 

who agreed were sent a 3-day diet record in the mail to fill out prior to their clinical exam.  The 

mailed record consisted of written instructions on how to accurately describe foods and estimate 

portion sizes.  Subjects kept a written record of foods consumed during meals as well as between 

meals at the time of eating, and assessed portion sizes in common household measures.  

Registered dietitians in the Cooper Clinic Nutrition Department coded and analyzed the diet 

records using the Copper Clinic nutrition and Exercise Evaluation system.
5
  Further details 

regarding the coding procedure can be found in Appendix E.   

   

Mortality Information 

 ACLS participants were followed until they died, or until December 31, 2003.  Possible 

decedents were identified from the National Death Index and verified with official death 

certificates from the states of deceased participants.  The National Death Index has a sensitivity of 
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96% and specificity of 100% in cohort studies.  A nosologist coded the death certificates for the 

underlying and up to four contributing causes of death. Cardiovascular disease mortality was 

defined by International Classification of Diseases, Ninth Revision (ICD-9) codes 390 to 449.9 

before 1999 and Tenth Revision (ICD-10) codes I00 to I78 during 1999-2003.  
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Table 1.  Data available on Cooper Clinic patients  

A. Demographics 

Age, gender, race, education, income, occupation, marital status 

 

B. Medical history 

1. Medication history 

2. Extensive series of questions on past or present disease/conditions 

3. Hospitalizations 

4. Physical visits 

5. Days lost from work 

6. Family medical history 

 

C. Health habits 

1. Smoking history 

2. 3-day diet record 

3. Brief nutritional pattern questionnaire 

4. Alcohol intake 

5. Extensive exercise and sports participation questionnaire 

6. Weight history 

 

D. Laboratory 

1. Maximal exercise treadmill test (electrocardiogram, heart rate, and 

blood pressure during exercise and recovery) 

2. Pulmonary function 

3. Body composition (skinfolds, circumferences, and hydrostatic 

weighing) 

4. Blood chemistries (lipids/lipoproteins, glucose, uric acid, white blood 

cell count) 

5. Urinalysis 

6. Height and weight 

7. Physical examination (complete physician‟s examination and clinical 

findings) 
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Appendix B 

Aerobics Center Longitudinal Study Medical Hisotry Questionnaire 
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Appendix C 

Ethics Approval 

This research represents a secondary analysis of the ACLS database.  The ACLS has 

been reviewed and approved annually by the Cooper Institute Institutional Review Board.  All 

participants signed an informed consent for follow-up at baseline (refer to following pages).  The 

Queen‟s University Health Sciences Ethics Review Board reviewed the thesis protocol and 

deemed it ethically acceptable (refer to following pages). 
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ACLS informed consent form:  
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Queen‟s University ethics approval:  
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Appendix D 

3-day Diet Record 
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Appendix E 

Food Intake Analysis System 

Dietary records collected from 1986 - August 1995 were analyzed using the Food Intake 

Analysis System (FIAS) version 3.0 while those collected from September 1995 - 1999 were 

analyzed using FIAS version 3.99.  FIAS was developed by the University of Texas-Houston 

Health Science Center and the U.S. Department of Agriculture (USDA).  The FIAS is a DOS-

based application designed to facilitate nutrient analysis of dietary data.   

A profile was developed for each participant in the FIAS system using their food diary 

data.  Each food item recorded by participants in their dietary record was entered into the FIAS 

program by trained personnel.  The food items were matched up with the appropriate USDA food 

codes which are pre-programmed into the system.  For example, if a participant recorded that 

they ate 3oz of regular mozzarella cheese, trained personnel would find and select this food item 

within the FIAS food database and enter the amount consumed.  The program then uses the 

information on the food and portion size to calculate its nutrient content based on USDA food 

information (see next paragraph).  Once all food items are entered, the FIAS system calculates 

total nutrient intake based on all three days of recorded information.  Daily intake as well as an 

average of the three days is available.  For example, the total dietary caloric intake based on the 

information entered into the system is calculated and presented in terms of daily intake (day 1, vs. 

day 2, vs. day 3) and average intake ([day 1 + day 2 + day 3] / 3).   

The USDA's National Nutrient Database is the foundation of most food and nutrition 

databases that are used in food policy, research, and nutrition monitoring in the United States.  

The USDA's National Nutrient Database consists of a detailed nutrient breakdown of 7146 

different food items.  For each food item, data is available for up to 125 possible food 

http://www.ars.usda.gov/Services/docs.htm?docid=8964
http://www.ars.usda.gov/Services/docs.htm?docid=8964
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components such as vitamins, minerals, and fatty acids.  The database includes both generic and 

brand-name food items.  Information is derived from a variety of rigorously evaluated sources, 

including USDA-sponsored laboratory analyses, qualified food-industry data, and available 

scientific literature.
1
 

The step by step procedure followed by ACLS dietitians for entering the diet record 

information into the FAIS system was as follows: 

1. Located, organized, and combined all food record data collected. 

2. Converted food codes and portion sizes utilized in the Cooper Clinic dietary 

assessment methodology to those in the FIAS method.  Recoding involved the following:  

a. Coding conversion process. 

b. Proposed matches of food code in the Cooper Clinic and FIAS tables. 

c. Solutions to coding different foods that did not have a clear match with a 

FIAS food. 

3. Reviewed food and nutrient databases, which revealed missing portions for 33% 

of the entered food data. 

4. Conducted statistical analyses to investigate whether standard portion sizes are 

able to replace missing portion sizes in ACLS database.
2
  

5. Created new food and nutrient databases based on the replacement of missing 

portion sizes with adjusted USDA standard portion sizes. 
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Appendix F 

Statistical Power 

 The statistical power calculations were completed prior to data analysis (e.g., for the 

thesis proposal).  The prevalence values for diabetes and cardiovascular disease (CVD) and 

number of expected deaths used in the power calculations were based on an older ACLS dataset 

(data collected between 1977 and 1998) that was readily available. An overall sample size of 

~11,000 was expected for the thesis analysis and was to be divided into quintiles.  Therefore, 

each dietary factor quintile was expected to contain ~2,200 participants.  Since comparisons were 

made between the two extreme quintiles for the dietary pattern factor, a sample size of 4,400 was 

used for the power calculations.  All power calculations were based on the equations suggested by 

Vaeth and Skovlund,
1
 and were based on an alpha of 0.05.  All calculations are shown on the next 

2 pages. 

For the assessment of prevalent diabetes and CVD, calculations were done individually 

for each (diabetes prevalence of 2.79% and CVD prevalence of 1.56%).  The power to detect an 

odds ratio for diabetes of 1.5, 1.75, and 2.0 within the poorest dietary factor quintile relative to 

the most favourable quintile were 60%, 86%, and 97%, respectively.  The power to detect an odds 

ratio for CVD of 1.5, 2.0, and 3.0 within the poorest quintile relative to the most favourable 

quintile were 38%, 81%, and 99%, respectively.   

For the assessment of mortality, the power calculation were based on 320 deaths (1.9% of 

sample) occurring over the follow-up period.  The power to detect a hazards ratio of 1.5, 1.75, 

and 2.0 within the poorest quintile relative to the most favourable quintile were 46%, 73%, and 

89%, respectively.  
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 These calculations indicated that the thesis would have at least 80% power to detect a 

twofold increased risk of diabetes, CVD, and all-cause mortality risk for subjects within in the 

poorest dietary factor(s) quintile. 

 

 

Power Calculations: 

 

Prevalent Diabetes (prevalence 2.79): 

 

With OR 2 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0279(1-0.0279)) ln2-1.96 

Zb = 1.826  

Power =  96.6% 

 

With OR 1.75 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0279(1-0.0279)) ln1.75-1.96 

Zb = 1.096637 

Power = 86.2% 

 

With OR of 1.5 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0279(1-0.0279)) ln1.5-1.96 

Zb = 0.2547 

Power = 60% 

 

Prevalent CVD (prevalence 1.56): 

 

With OR of 3 
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Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0156(1-0.0156)) ln3-1.96 

Zb = 2.55 

Power = 99% 

 

 

With OR of 2 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0156(1-0.0156)) ln2-1.96 

Zb = 0.889 

Power = 81% 

 

With OR of 1.5 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0279(1-0.0279)) ln1.5-1.96 

Zb = -0.2935 

Power = 38% 

 

 Mortality (prevalence 1.93): 

 

With HR of 2 

Zb = √(N) √(∏1(1-∏1)) √(P) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0193) ln2-1.96 

Zb = 1.234 

Power = 89% 

 

With HR of 1.75 

Zb = √(N) √(∏1(1-∏1)) √(P) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0193) ln1.75-1.96 

Zb = 0.61849 

Power = 73.2% 
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With HR 1.5 

Zb = √(N) √(∏1(1-∏1)) √(p(1-p)) lnOR-1.96      

Zb = √(4400) √(0.5(1-0.5)) √(0.0193) ln1.5-1.96 

Zb = -0.09178 

Power = 46% 
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