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Abstract 

Paleolithic Diet Scoring and Associations with Inflammation, Colorectal Adenomas, and Mortality 
By Kristine Abigail Whalen 

 
 
 

Homo sapiens may be more biologically adapted to the general diet that they would have eaten 
prior to the development of agriculture, the “Paleolithic diet”.  Yet few studies have examined this 
dietary pattern and any potential benefits it may have in reducing risk for modern chronic diseases. 
 

In the first study, we investigated associations of two diet pattern scores, the Paleolithic and 
the Mediterranean, with circulating levels of two inflammation-related biomarkers, CRP and F2-
isoprostanes, in a pooled cross-sectional study of an elective outpatient colonoscopy population 
(N=646).  We found statistically significant trends for decreasing mean plasma biomarker 
concentrations with increasing quintiles of the Paleolithic and Mediterranean diet scores.  
 

In the second study, we assessed associations of the two diet scores with prevalent incident, 
sporadic colorectal adenomas in a case-control study (n=2,301) of colorectal polyps.  The adjusted 
odds ratios comparing those in the highest to the lowest quintiles of the diet scores were, 
respectively, 0.71 (95% confidence interval [CI]: 0.50, 1.02; Ptrend=0.02) and 0.74 (95% CI: 0.54, 1.03; 
Ptrend=0.05) when comparing the cases to the endoscopy-negative controls, and 0.84 (95% CI: 0.56, 
1.26; Ptrend=0.14) and 0.77 (95% CI: 0.53, 1.11; Ptrend=0.13) when comparing the cases to the 
community controls.   
 

In the third study, we investigated associations of the Paleolithic and the Mediterranean diet 
scores with all-cause and cause-specific mortality in a longitudinal cohort of adults (REGARDS; 
n=21,423).  During a median follow-up of 6.25 years, 2,513 participants died.  The adjusted hazard 
ratios comparing those in the highest to those in the lowest quintiles of the diet scores were, 
respectively, 0.77 (95% CI 0.67, 0.89; Ptrend<0.01) and 0.63 (95% CI 0.54, 0.73; Ptrend<0.01).  

 
The results of these studies suggest that more Paleolithic- or Mediterranean-like diet patterns 

may be associated with lower levels of systemic inflammation and oxidative stress; lower risk for 
incident, sporadic colorectal adenomas; and lower risk of all-cause and cause-specific mortality.  
Overall, this dissertation contributes to our understanding of Paleolithic diet patterns by creating the 
first such diet pattern score and using it to assess the diet’s association with risk of chronic disease. 
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CHAPTER 1: INTRODUCTION AND BACKGROUND 

Introduction 

Over the past century, improvements in sanitation, prevention and treatment of infectious 

diseases, and a reduction in infant mortality rates have vastly improved modern life expectancy (1).  

As fewer people die young, a larger proportion of the population has become at risk for developing 

chronic diseases (2). Today, almost half of the deaths for both men and women living in the United 

States can be attributed to two major chronic diseases:  cardiovascular disease (CVD) and cancer 

(figure 1.1) (3).  

Figure 1.1: Percent distribution of the 10 leading causes of death, by sex: United States 2010 (Heron 2013).  (3) 

 

Along with the decrease in child mortality and the increase in adult mortality due to chronic 

disease in the 20th century, there were dramatic cultural shifts, including in diet and lifestyle patterns, 

in Westernized nations.  Global, large-scale industrial food production and processing largely 

supplanted small local farms as the basis for the global food system.  The resulting ultra-processed 

food, while energy-dense, cheap, and quick to produce, may be responsible for drastic increases in 

obesity and related chronic diseases (4).  Diets prior to the industrial revolution may have been less 

likely to lead to obesity, but agricultural societies still faced nutritional trade-offs, often favoring diets 
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high enough in calories to support the population over diets high in quality (5).  Prior to the advent 

of agriculture about 10,000 years ago, humans generally lived in small hunter-gatherer groups and, in 

most environments, had access to a wide variety and high amount of produce, intermittent access to 

lean meats and fish, and very rare access to substantial amounts of salt or added sugars such as honey 

(6).  This pre-agricultural eating pattern, referred to as the Paleolithic diet, may be associated with 

lower risk for chronic diseases such as CVD and cancer, yet there are few published studies of the 

diet, and none so far has examined risk for either of these chronic diseases. 

 

Background 

Nutrition, cardiovascular disease, cancer, and mortality 

 Diet has long been associated with CVD, cancer, and overall mortality.  There are vast 

international differences in rates of CVD incidence that correspond to different dietary habits (7), 

and, when low-incidence populations adopt the diet and lifestyle of higher incidence nations, their 

CVD incidence rates quickly increase to match (8, 9), underlining the strong role of the environment 

in determining risk.  Several different nutritional factors in these diets have been hypothesized to 

cause or prevent CVD, including dietary cholesterol, dietary fat, and dietary fat composition (7), but 

no single factor appears to be responsible (10).  Today there is evidence that several different 

nutritional factors together influence CVD risk.  There is strong evidence that high consumption of 

vegetables and nuts are associated with lower risk, and that high consumption of trans-fats, and a 

higher a dietary glycemic load are associated with higher risk (10).  

Diet is also associated with cancer risk, although the strength of that association and its 

possible mechanisms varies by cancer type (11).  It is estimated that with improved diet, increased 

physical activity, and reduced obesity, between 30-40% of cancer cases worldwide could be 

prevented (12).  The two cancers that appear most strongly related to environmental exposures are 

lung cancer and colorectal cancer (CRC) (11).  Lung cancer, the most common cause of cancer death 

in the US, is strongly related to smoking exposures.  CRC, the second most common cause of cancer 
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death in men and women combined, shares a similar pattern of international incidence rates as that 

for CVD.  Populations with traditionally low CRC incidence rates quickly acquire higher rates when 

they emigrate to Westernized, high incidence nations or adopt Westernized diet and lifestyle patterns 

in their home country (12, 13).  While several foods and nutrients have been associated with CRC 

risk, these associations have been rather weak and inconsistent (12).  The rather weak and 

inconsistent associations with single nutrients compared to the strong role of diet and lifestyle that 

the international rates suggest, provide evidence that examining diet as a whole rather than its 

separate parts may be more productive for finding ways to prevent CRC (14, 15).  Other cancer types 

may be associated with diet, but not as strongly as is CRC, and it is often obesity, rather than 

individual foods, that is associated with the greatest variation in risk (12).   

Diet may modulate chronic disease risk by two main mechanisms.  The first mechanism by 

which diet is related to chronic disease is energy balance or obesity.  There may also be biochemical 

mechanisms by which diet affects chronic disease risk, and two frequently proposed ones are 

inflammation and oxidative balance.  Obesity, systemic inflammation, and oxidative stress have all 

been associated with higher risk of CVD and cancer, so identifying foods, nutrients, and diets that 

lead to improvements in these risk factors may lead to preventing these chronic diseases.    

 

Nutrition, obesity, and chronic disease 

 During the second half of the 20th century, not only did many chronic diseases increase in 

incidence, but rates of obesity increased dramatically as well.  In the US today, more than a third of 

adults are obese (with a BMI over 30), and almost a fifth of children are classified as obese as well 

(16).  High obesity rates are no longer only characteristic of high-income Westernized countries, but 

are increasingly common throughout the world.  Several foods have been hypothesized to adversely 

impact energy balance and contribute to excess energy intake and subsequent obesity, including 

energy-dense foods high in sugar and/or fat and sugar-sweetened beverages (17).  

 Obesity is a strong risk factor for CVD and other metabolic syndrome conditions (18-20).  

High body fat, particularly abdominal fat, contributes to endothelial dysfunction and inflammation as 
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well as other harmful CVD risk factors, such as high blood pressure, dyslipidemia, and insulin 

resistance (20).  Poor energy balance and excess body fat are also convincing risk factors for several 

different cancers, including colorectal, pancreatic, breast, endometrial, and kidney cancers (12).  

Weight loss interventions for morbid obesity, such as bariatric surgery, were associated with lower 

risk of cardiovascular events (OR 0.54 95% CI 0.41-0.70) and mortality (OR 0.48 95% CI 0.35-0.64) 

in case-control studies (21), though any possible effect of such surgeries on risk of cancer is unclear 

(22).  Maintaining a normal weight and avoiding obesity is an important mechanism by which diet 

can modulate chronic disease risk.  

 Weight loss is a $240 billion dollar-a-year industry worldwide (23).  Ways to prevent or treat 

obesity are difficult to implement in today’s food environment.  The general recommendations to eat 

less and to move more to achieve a favorable energy balance go against the body’s general need for 

homeostasis.  Exercise interventions to increase energy expenditure generally yielded mixed results 

(24-34), in part because some physical activity can stimulate appetite (35).  Diet changes are generally 

more effective for weight loss than are exercise interventions (24, 36).  Yet there have been different 

levels of success in losing weight with different diets (37-39), especially for long-term weight loss (40, 

41).  Food is a fuel, but its consumption is part of a complex group of social, cultural, and 

psychological factors that are difficult to change.  Surgery or medication interventions to reduce 

weight require less effort on the part of the individual than do lifestyle changes, but are not 

appropriate for most people, who are not excessively obese (16).  Dietary guidelines for the 

prevention of CVD and cancer generally parallel those for weight reduction, but likely could also 

provide a benefit to those individuals who do not need to or who cannot lose weight on the 

recommended diet.  

 

Nutrition, inflammation, oxidative balance, and chronic disease   

Inflammation and oxidative balance are two of the primary biochemical mechanisms 

whereby diet influences chronic disease risk (42, 43).  Many foods, especially those that are highly 
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processed, may act as a persistent environmental trigger for systemic stress and inflammation (42). 

Factors (see Figure 1.2) such as the dietary polyunsaturated fatty acid (PUFA) content, the omega 3 

to omega 6 fatty acid ratio, higher arachidonic acid levels, higher glycemic index, and altered insulin 

response to food all appear to contribute to this diet–inflammation association (42).  Several specific 

foods have been suggested as potential triggers for a low-level systemic inflammation response, 

including high dietary saturated fat (44), dairy products (45), and wheat and cereal grains (46), 

although no single food appears to be a consistently strong inflammatory trigger across all 

populations.  Obesity is also directly associated with systemic inflammation levels, apparently because 

it alters glucose oxidation:  excess adipose tissue increases blood glucose levels and creates an 

inefficient insulin response, leading to a low-level inflammatory response to the remaining blood 

glucose in the circulation (47).   

Figure 1.2: Reflections of the working mechanism demonstrating how several nutritional factors could induce or inhibit 
inflammation.  From Bosma-den Boer 2012 (42) 

 

Systemic low-grade inflammation is associated with diet and is a common feature of many 

common chronic diseases, including type II diabetes (T2D), CVD, some cancers, and many other 

conditions (48).  Inflammation is a normal response to tissue infection or injury, but chronic 
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inflammation is a maladaptive response that appears to be triggered by tissue malfunction or 

homeostatic imbalance (49).  Oxidative stress is an imbalance between the production of free 

radicals, reactive oxygen species (ROS), and reactive nitrogen species (RNS), collectively pro-

oxidants, and antioxidants leading to a cellular and intra cellular environment that is exposed to 

destructive free radical chemistry (50).  ROS and RNS (collectively, RONS) are normal products of 

cellular metabolism, produced as part of the mitochondrial respiratory chain, and act as parts of 

certain signaling pathways.  Excess levels of RONS, however, are detrimental (51).  Inflammation 

and oxidative balance are two processes that feed into one another.  Continued exposure to pro-

inflammatory factors increases oxidative stress and can lead to chronic inflammation and vice versa 

(52, 53).   

Inflammation and oxidative stress facilitate the creation of atherosclerotic lesions.  

Atherosclerosis is a precursor to CVD in which plaque builds in the arterial walls.  Lipid and protein 

oxidation, especially LDL-cholesterol oxidation, are part of atherosclerotic lesion development (54, 

55).  If the vascular endothelium is damaged or otherwise dysfunctional, it initiates an initially 

protective response to assist in repairs by increasing cellular adhesion in the vascular walls.  Oxidized 

LDL-cholesterol preferentially binds to this adhesive mix, creating a lipid-filled foam that forms the 

basis for a fatty streak that is the first stage in the development of an advanced atherosclerotic lesion 

(See Figure 1.3) (56).   
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Figure 1.3: Inflammation and formation of the fatty streak, a precursor of an advanced atherosclerotic lesion.  From 
Ridker et al. 2003 (56) 

 

 Similarly, cancer is associated with chronic inflammation and poor oxidative balance (51-53, 

57-61).  Several types of chronic inflammatory conditions are associated with a higher risk of certain 

cancers, such as inflammatory bowel disease with colorectal cancer (CRC) and chronic hepatitis with 

liver cancer (61).  There are some estimates that up to a quarter of all cancers worldwide are due to 

infection and/or chronic inflammation (52).  Extrinsic inflammation can contribute to cancer, which 

itself can trigger additional localized inflammation (Figure 1.4) (51, 58).  This local inflammation, in 

turn, can promote methylation which may lead to additional gene silencing (59) or can assist in tumor 

development by stimulating new blood vessel formation (angiogenesis) at the tumor site (57).  

Systemic inflammation and oxidative stress are implicated in CVD and cancer, so biomarkers of 

these mechanisms have potential utility as endpoints for short-term trials (62). 
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Figure 1.4: Pathways that connect inflammation and cancer.  From Mantovani et al. 2008 (58). 

 

   

Results from supplement trials 

Biomarkers of inflammation and oxidative stress are potential endpoints for interventions.  

Agents that disrupt or alter inflammation or oxidative balance mechanisms have been tested for the 

prevention of CVD and cancer, and have included aspirin (63-68), other NSAIDs (69-72), and 

antioxidant supplements (73, 74).  Aspirin or NSAIDs have shown some promise as preventative 

agents (69-72, 75), but for many people the side effects of such drugs outweigh the potential 

preventative benefits (69-72, 76).  Generally, antioxidants have had no effect on either CVD or 

cancer risk (73, 74).  Even so, supplement and multivitamin use is pervasive in the United States, 

with almost half of the adults taking supplements regularly.  Almost half of supplement users take 

these products to prevent CVD and cancer (74).  Yet the clinical trial evidence for this perceived 
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benefit has been lacking.  For the most part, in 26 trials, no supplements (including multivitamins, 

supplemental beta-carotene, vitamin E, selenium, vitamin A, vitamin C, folic acid, vitamin D, vitamin 

D and calcium, or calcium supplements) reduced CVD incidence or mortality (TABLE 1.2), all-

cancer incidence, site-specific cancer incidence, cancer mortality (TABLE 1.3), or mortality (TABLE 

1.4).  In some notable trials, supplements actually increased the incidence of CVD or cancer.  In the 

ATBC and CARET trials, older men at high risk of lung cancer were randomized to high doses of 

beta-carotene.  Both trials found that high levels of supplemental beta-carotene actually increased the 

risk of lung cancer (HR 1.18; 95% CI 1.03, 1.36 ATBC and HR 1.28; 95% CI 1.04, 1.57 CARET), 

(77-80).  Overall, the clinical trial evidence indicated that is unlikely that taking vitamins reduces risk 

of CVD or cancer in most people (10, 74).   

There are several reasons why the supplementation groups in the clinical trials did not have 

the expected lower incidence of CVD and cancer.  For the most part, the supplements in these trials 

contained far greater doses of the nutrient than would be found in a normal diet, and the amount of 

the nutrient was out of proportion with the other nutrients that would normally be in the same 

foods.  Many of the beta-carotene studies, including ATBC and CARET, administered daily doses 

that were over 100 times higher than the US median dietary intake (54).  In contrast, vitamin D 

supplement doses may have been lower than the dose required to achieve optimum serum levels of 

25-hydroxyvitamin D (81).  A few trials, conversely, did find a lower incidence of CVD or cancer in 

the supplementation group, mostly in populations and subgroups that were likely deficient in the 

supplement.  The Nutritional Prevention of Cancer Study (NPC), conducted in the Eastern US 

where selenium levels in the soil are generally low, was a randomized trial of selenium 

supplementation to decrease the incidence of cancer in patients with a history of basal cell or 

squamous cell skin carcinomas.  In the NPC trial, in post-hoc analyses it was found that over six 

years the selenium supplementation group relative to the placebo group, had a statistically significant 

lower incidence of the study’s secondary endpoints:  all cancers combined (82, 83) and cancers of the 

prostate (82-84), lung (82, 83), and colorectum (82, 83).  In the Women’s Health Initiative (WHI) 
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trial, among women who were not already taking supplements at baseline, those assigned to the 

vitamin D and calcium combination had a lower incidence of any cancer after 7 years (HR 0.86 95% 

CI 0.78, 0.96) (85).  Both the NPC participants and this subset of the WHI participants may have had 

low intakes of these vitamins and minerals prior to the trial, suggesting that certain supplements may 

be beneficial in reducing the risk of CVD and cancer in populations that may be deficient.  

Individuals who are deficient in certain nutrients may find some benefit from taking supplements of 

those nutrients.  However, taking certain nutritional supplements, particularly beta-carotene, may be 

harmful in doses that are much higher and out of proportion with other nutrients found in foods.  

Not only could the dose of supplemental antioxidants be responsible for not finding 

chemopreventive effects against CVD or cancer in clinical trials, but the true active nutrient(s) in 

foods may not have been correctly identified or selected for testing.  There are many more 

antioxidants in a given whole food than are normally accounted for by the standard antioxidant 

profiles (54), so there are many more potential antioxidant agents than have been assessed in clinical 

trials.  In addition, CVD and cancer develop over the course of many years or even decades, and it is 

unclear how long or at what age participants are given these supplements in order to observe 

benefits.  Rather than continue to pick potential preventative agents and doses one nutrient at a time, 

it may be more successful and of greater value to focus on how nutrients are consumed normally, 

through whole diets.   

 

Dietary pattern scores 

There are several reasons why examining whole diets may be more useful than continuing 

to examine single-nutrients for the prevention of CVD and cancer.  First, individual nutrients and 

foods within a diet tend to be highly collinear, making it difficult to estimate the independent effects 

of the individual nutrients (14).  As reviewed above, relatively few individual nutrients (as 

supplements) have been tested in randomized trials compared to the number of possible candidates 

(54).  The effects of individual nutrients and foods may also be synergistic rather than merely additive 

(86).  Certain foods and nutrients may interact to increase or decrease the bioavailability or 
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absorption of another nutrient (14).  The possible synergistic effects of foods and diets are hard to 

examine using extant statistical methods (87).  Randomized diet trials are one way to examine diets as 

a whole, but such trials are expensive, and participants may not adhere well or for very long, and are 

not blinded to the dietary intervention they are randomized to.  While randomized diet trials are the 

best test for diet causality in nutrition research, less expensive research to support the potential health 

benefits of the diets is needed beforehand.  

Diet pattern analysis is one way to examine associations of whole diets with risk for chronic 

disease.  Researchers use commonly available dietary assessment tools to generate the dietary data 

needed to describe various dietary patterns and then to investigate associations of the dietary patterns 

with a variety of health outcomes in a variety of populations.  Most dietary patterns can be 

described/calculated using one of three different general methodologies:  cluster analysis, factor 

analysis, and index analysis.   

In a cluster analysis, people are aggregated by diet into “clusters”.  Large clusters represent 

behaviors shared by many people in the study population, whereas small clusters represent behaviors 

shared by few study participants.  Food choices that are common to many individuals contribute little 

to cluster information, since individuals in a cluster share a single exposure pattern, but individuals in 

small clusters whose dietary habits collectively differ from those of larger clusters provide useful 

information.  The incidence or prevalence of the health outcome under study in the small cluster is 

compared to that of the largest cluster as a reference.  After participants are clustered, the variation 

of food intake for that individual is no longer considered.  Each cluster is given a label that describes 

the dietary pattern of individuals within that cluster, but do not quantify the relative amounts of 

different foods or food groups across clusters as part of the cluster analysis, which makes assessing 

dose-response relationships difficult (88). 

The second way to construct a dietary pattern is by using factor analysis, also called 

principal component analysis.  Factor analysis is unlike cluster analysis in that information is grouped 

by foods and nutrients commonly eaten together, called factors, rather than by people who eat 



14 
 

 
 

similarly.  Based on the underlying correlation matrix between the many foods assessed, those that 

explain the most variation are identified as factors.  A single factor represents many food items that 

are common to diets that include that factor.  For example, pizza consumption may be highly 

correlated with hot dog, chip, and hamburger consumption so pizza, as a factor, can represent all of 

these foods.  Participants then receive a score for each identified factor based on their responses to 

the nutrition assessment tool.  By comparing across all five quintiles, from highest to lowest intake, 

researchers can examine the dose-response pattern for each factor’s association with a particular 

health outcome (88).  Another diet pattern related to factor analysis is reduced rank regression.  In 

reduced rank regression, unlike with factor analysis, the focus is not on explaining the variance 

between foods, but rather linear functions are identified that explain as much variation as possible in 

intermediate response variables, such as certain nutrients or blood biomarkers of interest.  Reduced 

rank regression is intended to create a mix of both data-driven diet score methods and hypothesis-

driven methods (89), but its use has not become commonly reported in the literature.  

A third way to investigate diet pattern-outcome associations is to use index patterns, which 

are generally described prior to examining the dietary data from a study.  In index analysis, scores are 

created to indicate closeness to a priori-described or recommended dietary pattern.  The individuals in 

a population who rank the highest in a given diet pattern score are generally those who most closely 

follow the dietary pattern of interest (88).  The methods for creating these dietary pattern scores can 

differ.  In addition, assigning scores can be based on the absolute or relative degree of adherence to 

the defined diet pattern.  If a score is assigned based on the absolute degree of adherence to a dietary 

pattern, it may facilitate detecting the true potential of a diet pattern to affect risk; however, few 

individuals may be found in a study population who follow it, thus resulting in suboptimal sample 

sizes in the higher exposure groups.  If a score is assigned based on the relative closeness of 

participants in a study population to following the defined diet pattern, it facilitates categorizing 

persons into relatively equal size exposure groups; however, participants with the highest score 
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rankings may not be following a diet that is particularly close to the gold standard, thus resulting in 

underestimating the true potential of a diet pattern to affect risk.  

Cluster analysis, principal component analysis, index analysis, and other diet pattern 

identification methods rely on the accuracy of the underlying diet assessment tools for classifications.  

Diet assessment tools vary, but the most common methods are diet recall interviews, participant diet 

journals, and food frequency questionnaires (FFQs).  Diet recall interviews generally are done either 

in person or over the phone by trained staff, who guide participants in providing a detailed report on 

what they ate for a specified time period (90).  Diet journals that the participants keep are another 

common tool for diet assessment, but participants often have difficulties maintaining quality records 

(90).  Both diet recall interviews and diet journals require intense review by the study staff to input 

the correct foods and quantities into the study records, and both assessment methods can be quite 

expensive to use.  Diet recall interviews and journals are open-ended assessments in which 

participants give free-form responses that are unique to their own dietary habits (91).  Food 

frequency questionnaires are used even more commonly than diet interviews or journals, and provide 

a closed-form characterization of participants’ eating habits which enables the assessment of long-

term dietary habits in a simple, cost effective manner (91).  Unlike the open-ended assessments, this 

closed-form assessment is highly dependent on which food items are included on the form, and 

requires careful consideration of the dietary habits of the target population in order to be accurate 

(91).  When the food items included in a FFQ are tailored to a given population, high correlations of 

the estimated nutrient composition of the participants’ diets from these questionnaires with those 

based on the participants’ responses on diet recall interviews or journals are found (92, 93).  Limiting 

the food items included on the FFQ, however, inherently limits the final analysis.  For example, a 

FFQ that is constructed to assess a low-fat diet may not make a distinction between high fat 

hamburger and a leaner flank steak.  Researchers using data from FFQs for diet pattern analysis need 

to consider which food items are included on the FFQs since this can greatly influence what research 

questions can be addressed in the resulting FFQ data. 
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Several studies have examined diet patterns and their associations with biomarkers of 

inflammation and oxidative balance.  Barbaresko et al. published a systematic review of 46 studies on 

dietary patterns and biomarkers of inflammation, and found that, in general, diet patterns that were 

characterized as “Western”, or that were higher in meat were usually associated with higher 

inflammation biomarker levels, mainly C-reactive protein (CRP).  Diet patterns characterized as 

“healthy” or high in fruit and vegetables were usually inversely associated with inflammation (43), 

which was consistent with the results of several cross-sectional studies in Japan (94, 95).  Diet 

patterns with a high glycemic load have also been associated with higher CRP levels (96), and, in a 

randomized controlled trial (RCT) of either a low-fat or low-carbohydrate diet in patients with type 

II diabetes mellitus (T2D), there were greater reductions in biomarkers of inflammation among those 

on the low-carbohydrate diet (97). Several studies that investigated associations between diet patterns 

and biomarkers of oxidative stress found similar associations of the diet patterns with the biomarkers 

of oxidative stress as has been found with biomarkers of inflammation.  A secondary analysis of a 

cohort study in women found that greater adherence to the Mediterranean diet pattern (aMED diet 

score) was inversely associated with lower F2-isoprostane levels (98), and found a similar inverse 

association with another biomarker of oxidative stress, oxidized glutathione (GSH/GSSG) (99).  Diet 

patterns that are generally high in fruits and vegetables and low in processed foods and meats are 

consistently inversely associated with biomarkers of inflammation and oxidative stress, potential early 

endpoints for CVD and cancer risk.  

Consistent with the results from studies that investigated  associations of diet patterns with 

biomarkers of inflammation and oxidative stress, diet patterns high in fruits and vegetables, but low 

in refined grains and meat, were inversely associated with risk for CVD, including coronary heart 

disease, stroke, and overall-CVD mortality (89, 100, 101).  Dietary patterns such as the alternative 

Healthy Eating Index (aHEI) (102, 103), the Mediterranean (104-106), and low carbohydrate patterns 

(107), have been inversely associated with various CVD outcomes.  Participants with high scores on 

these dietary patterns tend to have higher intakes of fruits and vegetables, and lower intakes of 
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refined grains and meat.  Overall, there was consistent evidence that the same general dietary patterns 

associated with lower biomarkers of inflammation and oxidative stress were also associated with 

lower risk of CVD.  

Similarly, the diet patterns that tend to be inversely associated with colorectal cancer and its 

precursor, colorectal adenomas, are also higher in fruits and vegetables and lower in refined grains 

and meat.  In 2010, two separate reviews were published on the associations of different diet patterns 

with CRC or adenomas (14, 15).  Randi et al. 2010 found that in 32 published articles from studies in 

various populations around the world, patterns termed “healthy, prudent, fruit and vegetables, 

reduced-fat/diet foods, healthy eating index-2005, recommended food, and Mediterranean diet 

scores” were inversely associated with CRC risk, with risk estimates that ranged from 0.45 to 0.90 

(15).  Miller et al. 2010 echoed this in their review of 16 observational studies (14).  In one 

population-based case-control study and two prospective cohort studies, there were consistent 

inverse associations of dietary index patterns that featured high fruit and vegetable consumption with 

CRC, but only among men (risk estimates ranged from 0.71 to 0.82).  In principal component 

analyses of eight studies in men and nine in women, a fruit and vegetable pattern was also found to 

be more strongly inversely associated with CRC among men than women, with risk estimates that 

ranged from 0.66 to 0.84 for men and 0.73 to 1.06 for women (14).  

Both the Randi et al. 2010 and the Miller et al. 2010 reviews also found that diet patterns 

with higher intakes of red and processed meat, also called unhealthy, Western, or meat and potatoes 

diet patterns, were associated with higher risk of CRC (14, 15).  The risk estimates associated with 

unhealthy or Western patterns varied from 1.18 to 11.7 among the 32 papers included in the Randi et 

al. review (15).  In the Miller et al. review, 4 of 8 studies in men and 5 of 9 studies in women found a 

direct association between unhealthy or Western patterns and CRC risk.  Stronger associations in 

men than women for many diet patterns were found in many of these studies, and could possibly be 

the result of biologic differences between the sexes or perhaps differential responses to the same diet 

assessment tools (14).  More recent publications have generally supported the Randi et al. 2010 and 
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the Miller et al. 2010 review findings (108-113), although not in all populations (114, 115).  Diet 

patterns have also been associated with cancer-free survival in a CRC population, with a “Western” 

pattern being directly associated with recurrence or death while a healthier, “prudent” pattern was 

not statistically significantly associated with longer cancer-free survival (116).  The associations of 

diet patterns with risk for CRC are consistent with the patterns of associations of the diets with both 

biomarkers of inflammation and risk for CVD.  

Associations of diet patterns with risk for other non-colorectal cancers are weaker and 

more inconsistent.  Yet the associations between diet and other cancer types are similar to those for 

diet and CRC, CVD, inflammation, and oxidative stress.  Diets with higher amounts of fruits and 

vegetables tend to be inversely associated with other, non-CRC cancer risk.  The World Health 

Organization (WHO) diet pattern, the Healthy Diet Indicator, was not associated with overall cancer 

risk (n=3,007; 1st to 3rd tertile HR 0.99 [95%CI 0.96-1.02]) (117), although there were modest inverse 

associations between produce-heavy diets and risk of head and neck cancer (22 pooled case-control 

studies; 1st to 5th quintile of vegetable intake OR 0.85 [95%CI 0.60, 1.19]) (118) and oral cancer 

(n=306; OR 0.53 [95%CI 0.28-0.98]) (119).  Associations of diet patterns in general with breast 

cancer have been inconsistent across studies (120), but less so for an inverse Mediterranean diet-

breast cancer association (121, 122).  Of the various diet patterns reported on, the Mediterranean diet 

pattern has been the most strongly, consistently associated (inversely) with cancer incidence and 

mortality (106, 123-125).   

 In general, diet patterns high in fruits and vegetables and low in meat tend to be inversely 

associated with biomarkers of inflammation, CVD, and various types of cancer, especially CRC, that 

contribute to mortality in the developed world.  Yet comparisons between studies or diet scores are 

difficult given the limitations of diet pattern analysis.  Despite the difficulties in comparing the results 

of associations of diet patterns with various outcomes across studies, the use of diet patterns allows 

for a great deal of flexibility for examining a variety of dietary exposures in many ways in varied 

populations instead of, or as an important prelude to, expensive trials. 
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The Mediterranean diet  

 The Mediterranean diet has been extensively studied as a dietary pattern, and has been 

successfully implemented in full diet trials, making it an excellent example of how diet pattern 

analysis can inform randomized trial design.  The Mediterranean diet became of interest as a result of 

observations of coronary artery disease incidence rates around the world in the 1960s.  At that time, 

the nations of Southern Europe had lower CVD rates and the diets that tended to be typical for 

those countries were different from those of other countries (7).  The Mediterranean diet at that time 

was characterized as having high intakes of plant foods such as fruits, vegetables, and nuts, as well as 

whole grain cereals and breads (126).  In addition, the diet included low or moderate dairy product 

consumption, olive oil (a high polyunsaturated fat source) as the primary source of dietary fats, low 

red meat consumption, and low to moderate wine consumption (126).   

There have been numerous observational studies of the Mediterranean diet in relation to a 

variety of outcomes.  In general the Mediterranean diet has been inversely associated with plasma 

antioxidants and anti-inflammatory cytokines (127) and biomarkers of oxidative balance (98, 99); risk 

of T2D (128), CVD (104, 105, 129, 130), and certain types of cancer (generally non-breast) (111, 121-

125, 131-134); and with overall mortality (135-137).  In a 2014 meta-analysis (included 35 prospective 

cohort studies) of this diet pattern it was found that for each 2-point increase in the Mediterranean 

diet score there was a lower risk of CVD (RR 0.90 [95%CI 0.87, 0.92]), cancer (RR 0.95 [95%CI 0.93, 

0.97]), and all-cause mortality (RR 0.91 [95%CI 0.89, 0.93]) (106).  Of the various diet patterns, the 

Mediterranean diet pattern is commonly inversely associated with chronic disease, which has 

provided good evidence to support conducting subsequent, more expensive diet trials.  

Several randomized trials of the Mediterranean diet were reported.  Among participants 

assigned to the Mediterranean diet, only inconsistent and weak effects on F2-isoprostanes, which are 

biomarkers of oxidative stress, were found.  One small, 4-week feeding trial found no effect on 

urinary F2-isoprostane levels (138), and a larger trial of a Mediterranean diet intervention 

(PREDIMED) found only suggestive, but not statistically significant, differences in urinary F2-
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isoprostane levels between the intervention and control arm after one year (MedDiet +VOO             

-13.71 ng/mmol; MedDiet +nuts -14.82 ng/mmol; Control diet -9.32 ng/mmol; p=0.059) (139).  

Clinical trials of the Mediterranean diet have been more successful at reducing levels of various CVD 

risk factors other than oxidative stress, including total cholesterol, LDL-cholesterol, and triglyceride 

levels, increased HDL-cholesterol, and reduced HbA1c levels (126, 138, 140, 141).  Randomized 

trials of the Mediterranean diet have also found a statistically significant lower incidence of CVD in 

primary and secondary prevention studies (126, 142, 143).  One of the first such trials was the Lyon 

Heart Study, in which 605 participants with a recent myocardial infarction were randomized to either 

usual care, which included a recommendation to follow a prudent diet, or a Mediterranean diet 

intervention.  Participants met with study staff 8 weeks post-infarct and were contacted once a year 

for the following 5 years.  At the end of 5 years (mean follow-up 27 months) the Mediterranean 

intervention group had a statistically significant reduced consumption of dietary fat than the control 

group, similar serum lipids, but a statistically significant reduced incidence of fatal or non-fatal 

cardiac events (RR 0.27 95% CI 0.12, 0.59) (144). After a longer follow-up (mean 46 months), it was 

again found that the Mediterranean diet group relative to the control group had a statistically 

significant reduced incidence of fatal and non-fatal cardiac events (RR 0.44 95% CI 0.21, 0.94) (145).  

The Lyon Heart Study also assessed cancer incidence after 4 years and found a suggestive but non-

significant 61% reduced risk for any cancer in the Mediterranean diet group relative to the standard 

care group (p=0.05) (146).  In the second major clinical trial of a Mediterranean diet, PREDIMED, 

the effect of the Mediterranean diet effect on CVD primary prevention was tested.  Adults between 

the ages of 55 and 80 (n=7,447) with no history of CVD were randomized to one of three diets:  a 

control diet in which participants were directed to reduce dietary fat, a Mediterranean diet with 

supplemental extra-virgin olive oil (EVOO), or a Mediterranean diet supplemented with nuts.  Early 

analyses while the trial was ongoing indicated that a Mediterranean diet reduced biomarkers of 

inflammation/atherosclerosis (147) and improved oxidative balance (139).  After an average follow-

up of 4.8 years, there were statistically significant fewer numbers of cardiovascular events in the 
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Mediterranean diet arm with supplemental EVOO (96 events, adj. HR 0.70 95% CI 0.54, 0.92) and in 

the Mediterranean diet arm with supplemental nuts (83 events, adj. HR 0.72 95% CI 0.54, 0.96) than 

in the low-fat diet control arm (109 events) (148).  The Mediterranean diet serves as an excellent 

example of how dietary patterns can be used to provide evidence to support conducting subsequent 

randomized trials.  In the case of the Mediterranean diet, and the subsequent trials found a beneficial 

effect of the diet for preventing several chronic diseases, especially CVD.  Thus, research on the 

Mediterranean diet is a model for how to investigate other diet patterns, and the Mediterranean diet 

serves as a high bar to compare other diets to.  

 

The Paleolithic diet 

 Following a Paleolithic diet pattern may be beneficial in the prevention of chronic diseases, 

but it may not be easily studied in modern populations.  Eaton and Konner first outlined the concept 

of a Paleolithic diet in the scientific literature in 1985 (6), and also described the theory of 

evolutionary discordance, which posits that differences between our modern diet and lifestyle and 

that of our hunter-gatherer ancestors may be responsible for some of the marked increases in chronic 

diseases over the past century (6, 149).  A Paleolithic diet consists almost entirely of vegetables, fruit, 

lean meat, and fish, minimal amounts of cereal grains or dairy products.  Eaton and Konner 

suggested that this diet has less sodium, higher calcium, less total fat, and a higher polyunsaturated to 

saturated fat ratio than the average modern diet (Table 1.1) (6).  To construct the Paleolithic diet 

pattern, Eaton and Konner used two sources of information:  the hominid fossil record and surveys 

of the dietary habits and health of extant hunter-gatherer populations.   

 The hominid fossil record illustrates how limited food options during times of changing 

environmental conditions led to anatomical changes that allowed our ancestors to adapt to many 

different environments.  Genetic evidence points to a last common ancestor between humans and 

our nearest animal relatives, chimpanzees, about 6 million years ago.  That ancestor, likely a knuckle-

walker that thrived on the forest fruits of Africa, more closely resembled a chimpanzee than a 

modern human.  Between 6 million years ago and 4.3 million years ago, several early hominid species 
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such as Sahelanthropus tchadensis, Orrorin tugenesis, and several Ardipithecus species appeared to have 

physiological adaptations that indicated they spent more time as bipeds (5).  Bipedalism allowed for 

more efficiency when walking and freed up hands for reaching, grabbing, and manipulating.  Both of 

these adaptations allowed them to reach previously unavailable foods as the fruit-rich rainforests 

shrank while the woodlands expanded.  Early hominids’ longer reach and more efficient gait allowed 

them to access better the remaining fruit and utilize a wider variety of food sources (5).  Between 4 

million and 1 million years ago, the hominid diet expanded from fruits to a much wider variety of 

seeds, plants stems, and other, tougher foods.  It was at this time that the Pliocene, or Ice Age, led to 

an even cooler and drier African climate.  In this new climate, hominids had to rely increasingly on 

low-calorie, hard to eat fallback foods to make up their daily energy requirements.  The teeth and 

jaws of some of these species (Austrolopiths) were particularly impressive:  huge, flat molars akin to 

grindstones and huge bony crests on top of their skull allowed large chewing muscles to attach and 

created massive jaw strength for shredding tough, fibrous foods (5).  These early hominid species 

were adapted to find and utilize a wide variety of plant foods.  

 Additional adaptations to gain access to the more calorie- and protein-dense meats came 

later in our evolutionary history.  The earliest modern hominin fossils date to about 1.9 million years 

ago.  While early fossils suggest that diets remained largely vegetarian, they, along with surviving tools 

and refuse, present increasing evidence of occasional meat eating and hunting (5).  Becoming 

omnivores would have given hominins access to another, more energy-dense, food source.  Rather 

than directly compete for meat with apex predators, such as lions, and scavengers, such as hyenas 

and vultures, hominins developed alternate methods.  Hominins worked in groups with complex 

strategies that likely required language to coordinate, and utilized their efficient bipedalism for 

persistence hunting –running prey animals down until they overheated and died (5).  Hunting 

increased the options for food as well as the calories.  Hominins also made maximal use of what food 

they did acquire, by creating tools to butcher meat and process (e.g., grind) foods, and developing 

cooking to gain access to even more energy than would otherwise be possible from the raw foods (5). 
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These tools allowed hominin diets to be extremely flexible and adaptable and for hunter-gatherer 

hominin populations to boom and spread around the globe.  

 Although, as for current hunter-gatherers, the diets of early Homo sapiens differed somewhat 

across groups living in different locales, they shared important common characteristics.  Most 

hunter-gatherer groups (except those that more relatively recently culturally adapted to living in high-

latitude arctic areas) would have eaten a large amount and wide variety of vegetable foods; Eaton and 

Konner suggested that produce would have made up 65% or more of the total daily weight of food 

eaten (6).  The vegetables and meat available would have provided very little dietary sodium (approx. 

689 mg per day) relative to what is typically consumed in modern diets, with a potassium to sodium 

ratio close to 16:1.  The calcium content of these wild plant foods was high, and yielded 1,579 mg per 

day as estimated from an analysis of the commonly eaten plant foods of hunter-gatherer populations 

(6).  The fiber content of the diet would also have been very high due to this high vegetable 

consumption.  The meat available to pre-agricultural humans was wild plant (e.g., grass) fed rather 

than grain-fed, leading to meat with a very different fatty acid composition.  Free-living herbivore 

meat tends to be much leaner than that of domesticated animals, with a much higher polyunsaturated 

fat content per gram, as well as a small but appreciable amount of omega-3 fatty acids (6).  In table 

1.1, we present a comparison of the nutritional composition of this hypothesized Paleolithic diet and 

a current American diet.  The Paleolithic diet is higher in protein, lower in carbohydrates, and lower 

in fat than the current American diet.  
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Table 1.1.  Comparison of estimated nutritional characteristics of a Paleolithic diet and a current 
American diet, based on a Paleolithic diet composed of 65% by weight produce.  Adapted from 
Eaton and Konner 1985 (6). 

 
Paleolithic Diet 

Current American Diet 
(2009-2010 NHANES) 

Total Dietary Energy (%)   

Protein 34% 16% 

Carbohydrate 45% 51% 

Fat 21% 34% 

Potassium: Sodium ratio 1.41 0.66 

Cholesterol (mg) 591 261 

Fiber (g) 45.7 16.2 

Sodium (mg) 690 3463 

Calcium (mg) 1580 1029 

 

 While it is clear that hunter-gatherer groups ate a very different diet than modern 

populations, it is a common misperception that individuals who survived childhood did not typically 

live long or healthy lives.  Hunter-gatherer groups survived on a variations of the Paleolithic diet in 

many different regions and environments.  While there is evidence that while hunter-gatherers 

experienced a high childhood mortality rate, the average modal age of death in adulthood (or the 

peak in death distribution) is estimated to have been about 72 years of age (range 68-78).  In 

comparison, the modern US population has a modal age of death of 85 years (150), in large part 

because of modern quality health care.  The causes of death for older hunter-gatherers also appear to 

be very different from those of humans in most modern societies.  Heart attacks, strokes, cancer, and 

other degenerative diseases were apparently rare in adult hunter-gatherer societies, although these 

causes of death are hard to identify without modern medical equipment and training (150).  An early 

20th century survey of “primitive peoples” by Weston A. Price, an American dentist, found that 

although tribal diets were very different around the world, these diets shared similar qualities to those 

described by Eaton and Konner.  Also, the people Price examined had almost no tooth decay, facial 
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deformities, crowded teeth, or birth defects, and had very low rates of infectious and chronic diseases 

(151).  Health assessments of hunter-gatherer groups today are more contradictory, likely because 

there tends to be poor-quality health assessments in the remote regions in which they live (e.g., no 

modern medical scans) (152), and these groups often were displaced to less optimal habitat for 

hunter-gatherer existence.  

There have been a handful of observational studies on the health of extant hunter-gatherers.  

The first piece of evidence that a Paleolithic diet might improve health in humans today comes from 

the early 1980s.  Kerin O’Dea assessed 10 aborigines from Australia with Type II diabetes (T2D) 

both before and after a 7-week period living as traditional hunter-gatherers in the Australian bush.  

At the end of 7 weeks, the participants had lost a statistically significant amount of weight (average, 8 

kg), and had marked improvements in glucose, insulin, and lipid biomarkers (153).  Two additional 

cross-sectional studies of arctic peoples assessed the association between traditional diet patterns and 

heart disease.  The traditional hunter-gatherer diet for arctic peoples tends to be meat based and high 

in fat—diet characteristics traditionally associated with high CVD rates (154, 155).  The first study, 

done in an Alaskan Eskimo population, used principal components analysis to identify four distinct 

dietary pattern scores:  1) traditional, 2) Western, 3) purchased healthy, and 4) a beverages and sweets 

pattern.  The associations of these diet patterns with several CVD risk factors were then investigated.  

The traditional diet was not associated with CRP (a biomarker of inflammation) or HDL-cholesterol, 

but was statistically significantly inversely association with systolic blood pressure and triglycerides 

(154).  The second cross-sectional study, in an Inuit population, also used principal components 

analysis and found four similar basic dietary patterns.  Again the traditional diet pattern was not 

associated with inflammation biomarkers or HDL-cholesterol, although there was a direct association 

of the traditional diet pattern with total cholesterol, mainly LDL-cholesterol levels (155).  In another 

study, the gut microbiome of Hadza hunter-gatherers in Africa (156) was found to be statistically 

significantly different in respect to the composition and diversity of the gut bacteria from that of 

modern day Italians, although it is unclear whether these differences relate to health risks.  
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While the observational evidence from extant hunter-gatherer groups suggests potential 

health benefits of a Paleolithic type diet in modern hunter-gatherer groups, how closely such a diet 

can be followed in a Westernized population using foods available from typical modern sources (e.g., 

grocery stores), and whether it could reduce chronic disease risk in a Westernized population is 

unclear.  Two small pilot trials, however, examined the short-term effects of the diet in healthy 

individuals.  The first used an outpatient, controlled-feeding design for nine non-obese, sedentary 

volunteers.  After 10 days, the participants had statistically significant reductions in blood pressure (-

3.1 mmHg, p=0.01), plasma insulin vs. area-under-the-curve (AUC) glucose (p=0.006), total 

cholesterol (-0.8 mmol/l, p=0.007), LDL-cholesterol (-0.7 mmol/l, p=0.003), and triglycerides (-0.3 

mmol/l, p=0.01) (157).  In a second small pilot trial (n=14) participants were simply given dietary 

instruction to eat a Paleolithic diet and, at the end of three weeks, participants were found to have 

lower systolic blood pressures (p=0.03), similar to those found in the previously described trial, as 

well as statistically significant reductions in weight (-2.3 kg) and total daily calorie intake (-36%) (158).  

A third study of participants in a gym-sponsored Paleolithic diet challenge (n=44), had statistically 

significant reductions in body fat (-3.2 kg, p<0.01) as well as an increase in LDL-cholesterol (+12.5 

mg/dL, p<0.01) after 10 weeks (159).  

While healthy volunteers randomized to a Paleolithic diet were found to have improved lipid 

biomarker levels and greater weight loss, three additional small pilot trials of the diet in patients with 

metabolic syndrome, glucose intolerance, or T2D found even more promising results.  In a small 

crossover trial instructed 13 participants with T2D were instructed to eat either a Paleolithic or a 

diabetic diet for 3 months, and then to eat the other diet for the next 3 months.  Participants on the 

Paleolithic diet had decreased HbA1c (-0.4%, p=0.01), triglycerides (-0.4mmol/L, p=0.003), diastolic 

blood pressure (-4mmHg, p=0.03), and weight (-3 kg, p=0.01) and increased HDL-cholesterol 

(+0.08 mmol/L, p=0.03) compared to when they were on the diabetic diet (160).  A second small 

pilot trial of participants with metabolic syndrome (n=34) who were randomized to either a 

Paleolithic diet or a healthy reference diet (with no intended weight loss), found that eating the 
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Paleolithic diet led to an average decrease in systolic and diastolic blood pressure (-9.1mmHg, 

p=0.015; -5.2 mmHg, p=0.038 respectively), decrease in total cholesterol (-0.52 mmol/l, p-0.037) and 

triglycerides (-0.89 mmol/L, p=0.001), and increase in HDL-cholesterol (+0.15 mmol/L, p=0.013).  

Participants on the Paleolithic intervention arm also lost weight (-1.32 kg, p=0.012), despite 

unsuccessful attempts to increase daily total energy intake in order to keep bodyweight stable (161).  

In a third small pilot trial of 29 patients with both ischemic heart disease and either glucose 

intolerance or T2D were randomized to follow either a Paleolithic or Mediterranean diet for 12 

weeks, in the Paleolithic diet arm there was a statistically significantly greater decrease in area-under-

the-curve (AUC) glucose (-26%, p<0.01) and a greater weight loss (-1.5kg p=0.03) and reduction in 

waist circumference (-2.7cm, p=0.03).  Interestingly, after controlling for waist circumference 

reduction, was still a statistically significantly greater AUC glucose in the Paleolithic diet arm relative 

to the Mediterranean diet arm (162).  The pilot trial evidence suggests that, even independent of 

weight loss, the Paleolithic diet may improve glucose tolerance and lipid biomarkers in populations 

with dysfunctional insulin responses.  

The Paleolithic diet may improve biomarkers of risk and help prevent chronic disease 

through biochemical mechanisms and/or improved energy balance.  Foods characteristic of the diet 

are also those that are generally associated with lower systemic inflammation and oxidative stress.  

There are no published reports of associations of the Paleolithic diet with biomarkers of 

inflammation or oxidative stress.  Improved energy balance and thus percent body fat composition 

may be a particularly important mechanism for how the Paleolithic diet may prevent chronic diseases.  

A Paleolithic diet may also produce higher satiety than do other diets with the same total energy 

content.  In a secondary analysis of one of the previously described pilot trials (160) it was found that 

participants on the Paleolithic diet reported a greater satiety level per calorie consumed as well as a 

greater satiety level per glycemic load (163).  In a recent pilot trial (n=24) in which participants were 

provided with three individual meals given separately several weeks apart, similar effects on post-

meal satiety were found.  One of the meals was based on WHO nutrition recommendations, a 
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second was a Paleolithic-type meal with the same total energy content and macronutrient ratios as the 

WHO meal, and a third was a Paleolithic-type meal with a higher percentage of protein and a higher 

total energy content than the WHO meal.  When participants were given either of the Paleolithic-

type meals, in the subsequent hours, they had higher levels of appetite-suppressing gut hormones 

relative to when they were given the WHO meal; they also had higher perceived satiety measured on 

the visual analogue scale, independent of the protein or energy content of the meals (164).  Not only 

does the Paleolithic diet appear to improve satiety in the short-term, but also there is evidence that 

the diet may lead to greater weight loss.  There has been one larger trial (n=70) of a Paleolithic diet’s 

effects on long-term weight loss in obese, post-menopausal women.  Women were randomized to 

follow either a Paleolithic diet or the standard government dietary recommendations (Nordic 

Nutrition Recommendations (165) for two years.  After six months, there was statistically 

significantly greater weight loss in the Paleolithic diet group (mean difference, -3.9 kg).  After 24 

months, however, the difference was less and no longer statistically significant (mean difference, -1.7 

kg) (166).  The results from several pilot studies of Paleolithic diet’s effects on the possible 

biochemical mechanisms that influence CVD and cancer risk, suggest that it may improve energy 

balance and thereby mitigate chronic disease risk.  

 

Conclusions/gaps in the literature 

 There is a wealth of evidence that major chronic diseases and causes of death in the US, 

especially CVD and cancer, are associated with diet.  Prior investigations into supplements for the 

primary prevention of CVD, cancer, or all-cause mortality have been unsuccessful.  Rather than 

continue to pursue and research single-nutrient, putatively preventive agents and before conducting 

expensive dietary trials, dietary patterns can be a cheap and efficient way to characterize diets as a 

whole and assess their associations with disease risk.  Evolutionary discordance could explain some 

of the dramatic increase in chronic disease rates over the 20th century.  The Paleolithic diet best 

reflects the diet we as Homo sapiens ate for virtually the entirety of our evolutionary history.  Yet few 
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populations still practice this dietary pattern, so our ability to assess whether the diet has any benefit 

for the prevention of chronic diseases is limited.  There has been increasing interest in the Paleolithic 

diet in the scientific literature, but few published studies of the diet in relation to disease risk.  The 

reported studies were small and generally short term, and none examined associations with 

biomarkers of inflammation or oxidative balance, any sort of neoplasm precursor, or mortality in 

culturally modern populations.  In my dissertation I aim to address some of these gaps by developing 

a Paleolithic diet pattern score and assessing its associations with biomarkers of inflammation and 

oxidative stress, colorectal adenomas, and all-cause and cause-specific mortality in modern US 

populations.  
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Table 1.2.  Overview of supplementation trials and the effect on CVD.  Adapted from USPSTF 
Review 2013 (74).  
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Table 1.3.  Overview of supplementation trials and the effect on cancer.  Adapted from USPSTF 
Review 2013 (74).  
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Table 1.4.  Overview of supplementation trials and the effect on all-cause mortality.  Adapted from 
USPSTF Review 2013 (74). 
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Research Plan 

Objectives, Specific Aims, and Study Hypotheses 

 My primary objective for my dissertation is to investigate associations of a Paleolithic diet 

score with biomarkers of inflammation and oxidative balance, first diagnosed cases of prevalent 

colorectal adenoma, and risk of all-cause and cause-specific mortality.  My secondary aim is to 

compare these latter findings with those from parallel analyses of a Mediterranean diet score in 

relation to these same outcomes.  I will meet these objectives by addressing the following three 

specific aims.  

 

Aim #1:  Using data from a pooled elective, outpatient colonoscopy population (Markers of 

Adenomatous Polyps I (MAPI) and MAP II) (n=646), investigate whether higher Paleolithic 

and/or Mediterranean diet scores are associated with lower mean concentrations of 

circulating C-reactive protein and F2-isoprostanes, biomarkers of inflammation and oxidative 

balance, respectively.  I hypothesize that both diet scores will be inversely associated with 

these biomarkers.  

 

Aim #2:  Using data from the Minnesota Cancer Prevention Research Unit case-control 

study (CPRU) (564 cases; 1,202 endoscopy controls; 535 population controls), investigate 

whether Paleolithic and Mediterranean dietary patterns are associated with incident, sporadic 

colorectal adenoma.  I hypothesize that both diet scores will be inversely associated with 

sporadic colorectal adenoma.  

 

Aim #3:  Using data from the Reasons for Geographic and Racial Differences in Stroke 

(REGARDS) national cohort (n=21,423), investigate whether Paleolithic or Mediterranean 

diet pattern scores are associated with all-cause or cause-specific mortality.  I hypothesize 
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that both diets will be inversely associated with all-cause and chronic disease mortality, but 

not associated with mortality due to injury or accident.  

Methods 

Paleolithic and Mediterranean Diet Scores (Main Exposure Variables) 

 For all three aims, we will use the same scoring procedures to calculate scores for both diet 

patterns using data from the food frequency questionnaires used in the original studies on which the 

aims are based.  The Paleolithic and Mediterranean diet pattern scores will be constructed in a similar 

manner, as summarized in Table 1.5.  The foods and associated point values have already been 

determined using published dietary guidelines for each diet (6, 132, 190).  For the most part, each 

study participant will be assigned a quintile rank (and score from 1–5) of intake for each food 

category, based on the sex-specific distribution of intake.  We will give more points for higher intakes 

of foods that we consider characteristic of the diet pattern, and for lower to no consumption of 

foods that we consider uncharacteristic of the diet pattern.  We modified the Mediterranean diet 

score scheme in relation to dairy, grains and starches, and alcohol intakes as noted in Table 1.5.  

Although the Mediterranean diet score most often is constructed simply using two categories of 

intakes (high and low based on median intake), we will construct ours based on quintiles of intake to 

facilitate a more direct comparison of the two diet scores.  For the Paleolithic diet score, we will 

create two unique variables.  The first, a fruit and vegetable diversity score, will be created by 

summing the total number of responses on the food frequency questionnaire fruit and vegetable 

sections that indicated that the participant ate >1–3 servings of a given food item/month.  More 

diversity is considered desirable.  Second, because the Paleolithic diet had little dairy but high 

amounts of calcium (from wild greens) (6), to consider dietary calcium separately from dairy 

products we will use the residuals of a linear regression of total calcium intake on total dairy intake to 

represent calcium intake independent of dairy consumption.  The final scores can range from 11 to 

55 for the 11-component Mediterranean diet score and from 14 to 70 for the 14-component 

Paleolithic diet score.   
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Table 1.5.  Paleolithic and Mediterranean Diet Pattern Score Constituents and Constructiona 
Intake 

Category 
Scoring 

 
Paleolithic Diet Scoreb 

 
Mediterranean Diet Scorec 

Highest 
intake 
‘best’ 

 

Points assigned 
to each quintile 
= quintile rank  
 
 

 Vegetables  
Fruits  
Fruit & vegetable 
diversityd 
Lean meatse 

Fish 
Nuts 

Calcium residualf 

 Vegetables 
Fruits 
Lean meatse 

Fish  
Nuts  
Monounosaturated:saturated 
fat ratio 

Lowest 
intake 
‘best’ 

 

Points assigned 
to each quintile 
= reverse 
quintile rank  
 
 

 Red and processed 
meatsg  
Sodium  
Dairy  
Grain and starches 
Baked goodsh  
Sugar sweetened 
beverages  
Alcohol (drinks/week) 

 Red and processed meatsg  
Sodium (mg) 

Moderate 
intake 
‘best’ 

 

3rd quintile +5 
points,  
2nd and 4th 
quintiles +3 
points, and 
1st and 5th 
quintiles +1 
points 

   Dairy 
Grains and starches 

Other     Alcohol: 
Women: 5 – 15 g/day (+5 
points) 
Men: 10—25 g/day (+5 
points) 
Otherwise (+1 point) 

a All constituents measured in servings/week or grams/week unless otherwise indicated. 
b Paleolithic diet score:  14 components, range of possible scores 14 – 70. 
c Mediterranean diet score:  11 components, range of possible scores 11 – 55. 
d Fruit & vegetable diversity calculated by summing the total number of responses on the food frequency questionnaire fruit 

and vegetable sections that indicated that the participant ate more than 1-3 servings of a given food item per month. 
e Lean meats include skinless chicken or turkey, lean beef. 
f Calcium intake from sources other than dairy; calculated as residuals from linear regression of total calcium intake 

(mg/day) on dairy foods intake. 
g Nitrate processed meats and non-lean red meat consumption together. 
h Baked goods include items such as cake, pie, and other pastry-type foods. 
 
 

Data Sources 

Aim #1:  For the first aim, I will pool data from two methodologically similar case-control studies, 

MAPI and MAPII.  Data from these studies, both cross-sectional studies of elective outpatient 

colonoscopy populations, conducted by the same principal investigator (RMB), will be pooled.  The 

first study (Markers of Adenomatous Polyps I, MAPI) was conducted from 1994-1997 in Winston-

Salem and Charlotte, North Carolina, and the second (MAPII) was conducted in 2002 in Columbia, 
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South Carolina.  Participants in both studies were recruited from patients with no prior history of 

colorectal neoplasms who were scheduled for an elective, outpatient colonoscopy for colorectal 

cancer screening or gastrointestinal symptoms in several large, community-based gastroenterology 

practices.  Initial eligibility for participation in each study required that patients be 30-74 years old, 

English speaking, free of known genetic syndromes associated with a predisposition to colonic 

neoplasia, and with no individual history of inflammatory bowel disease, adenomatous polyps, or 

cancers except for non-melanoma skin cancer.  

Mailed questionnaires were completed at home and collected at the colonoscopy visit.  Study 

participants provided detailed information on demographic characteristics, personal medical history, 

smoking history, usual physical activity (via a modified Paffenbarger questionnaire), anthropometrics, 

reproductive history and hormone use (women only), and family history of cancer.  The frequencies 

of aspirin and other non-steroidal anti-inflammatory drug (NSAID) use were assessed as the number 

of pills taken per week.  A 153-item (MAPI) or 85-item (MAPII) self-administered semi-quantitative 

Willett food frequency questionnaire was completed prior to colonoscopy to assess food and 

nutritional supplement intakes over the previous 12 months.  A standard portion size and nine 

possible frequency-of-consumption responses, ranging from “never, or less than once per month” to 

“6 or more times per day” were given for each item.  Total daily energy and nutrient intakes were 

calculated by summing energy and nutrients from all food sources using the dietary database 

developed by Willett (92, 191).  

On the day of the colonoscopy, fasting peripheral venous blood samples were drawn into 

red-coated, pre-chilled Vacutainer tubes and then immediately placed on ice and shielded from light 

to prevent sample degradation.  Blood fractions were aliquotted into amber-colored cryopreservation 

tubes, air was displaced with an inert gas (nitrogen in MAPI and argon in MAPII), and then the 

aliquots were immediately placed in a -80°C freezer until analysis.  The present study was conducted 

after most of the stored plasma samples were exhausted from prior studies; samples for CRP were 
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available on 87% (n=562) of the participants, and samples for F2-isoprostanes were available on 

67.6% (n=437) of participants; the analyses reported herein are based on these sample sizes.  

High sensitivity CRP was measured via latex-enhanced immunonephelometry on a Behring 

nephelometer II (BN-II) analyzer (inter-assay CV 4%; Behering Diagnostics, San Jose, CA).  F2-

isoprostanes were measured via a highly specific and quantitative gas chromatography-mass 

spectrometry-based (GC-MS) method (192), by the Molecular Epidemiology and Biomarker 

Research Laboratory (MEBRL) at the University of Minnesota (Minneapolis, MN).  This method, 

considered the gold standard for measuring F2-isoprostanes, measures a well-defined set of F2-

isoprostane isomers.  These were extracted from participants’ samples using deuterium (4)-labeled 8-

iso-prostaglandin F2 alpha as an internal standard.  Quality control procedures included the analysis 

of two control pools that had varying concentration ranges of F2-isoprostanes (CV 9.5% and 11% 

respectively).  

Data analysis plan 

Because the distributions of CRP and F2-isoprostanes tend to be right skewed, their values 

will be log transformed and then the adjusted geometric means and their standard errors by quintile 

of each dietary pattern will be computed using a general linear model (implemented using the SAS 

GLM procedure), controlling for the potential confounding effects of other factors.  To facilitate 

interpretation and comparisons between the relative strengths of the diet pattern-biomarker 

associations, ordinal logistic regression analysis will also be used in which CRP and F2-isoprostanes 

levels will be categorized into quintiles based on the sex-specific concentrations in the pooled study 

population.  The multivariable unconditional ordinal logistic regression models will be used to 

calculate odds ratios (OR) and 95% confidence intervals (95% CI) for associations of each dietary 

score with a cumulative sex-specific quintile increase of each biomarker.  The median of each diet 

score quintile will be used for calculating all tests for trend. 
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Aim #2:  For the second aim, I will use data from the Minnesota Cancer Prevention Research Unit 

case-control study.  CPRU study personnel collected data between April 1991 and April 1994 as part 

of a joint project between the University of Minnesota and a large, multi-clinic private 

gastroenterology practice (193, 194).  The gastroenterology practice performed colonoscopies and 

sigmoidoscopies in 10 hospitals and endoscopy units and, at the time of the study, was responsible 

for approximately 60 percent of all colonoscopies in the Minneapolis metropolitan area.   

The gastroenterology practice staff initiated study recruitment while scheduling elective, 

outpatient colonoscopies or flexible sigmoidoscopies (“endoscopies”).  All 10 of the practice’s 

endoscopy sites recruited patients.  Initial eligibility for study participation required that patients be 

30-74 years old, residents of the Minneapolis-St. Paul metropolitan area, English speaking, free of 

known genetic syndromes associated with a predisposition to colonic neoplasia, and with no 

individual history of inflammatory bowel disease, adenomatous polyps, or cancers except for non-

melanoma skin cancer.  

Participants completed mailed questionnaires prior to endoscopy, which were then collected 

at the endoscopy visit at which time and blood samples drawn.  The endoscopists recorded polyp 

locations and in vivo sizes and shapes on standardized forms.  One index study pathologist examined 

all removed polyps histologically using National Polyp Study diagnostic criteria (195).  Based on the 

endoscopy and pathology findings, participants were assigned final eligibility and case/control status.  

To be eligible as an adenoma case or a colonoscopy-negative control, the participant must have had a 

complete colonoscopy reaching the cecum, had all polyps removed, not have a new diagnosis of 

inflammatory bowel disease, and have no polyps with invasive carcinoma (n=684).  Sigmoidoscopy-

negative controls had similar eligibility requirements, but completed only a flexible sigmoidoscopy 

(n=518).  Endoscopy controls were free of both adenomatous and hyperplastic polyps at endoscopy.   

In addition to the endoscopy controls, a separate group of potential community controls 

(n=535) was randomly selected from the 1991 Minnesota State Driver’s License Registry and 

frequency matched to the cases on age (5-year intervals), sex, and zip code.  The community control 
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participants were only included in the study if they met the same eligibility criteria as the colonoscopy 

patients except that they did not undergo colonoscopy or sigmoidoscopy to confirm their current 

polyp status.  

Study participants provided detailed information on demographic characteristics, personal 

medical history, smoking history, usual physical activity, anthropometrics, reproductive history and 

hormone use (women only), and family history of cancer.  The frequency of aspirin and non-aspirin 

non-steroidal anti-inflammatory drug (NSAID) use was assessed as the number of pills taken per 

week.  A self-administered, 166-item modified semi-quantitative Willett food frequency questionnaire 

was used to assess food and nutritional supplement intakes over the previous 12 months.  A standard 

portion size and nine possible frequency-of-consumption responses, ranging from “never, or less 

than once per month” to “6 or more times per day” were given for each food.  Total energy and 

nutrient intakes were calculated by adding energy and nutrients from all food sources using the 

dietary database developed by Willett (92, 191).  A total of 2,301 participants completed the study 

and will be included in this analysis, including 564 cases, 1,202 endoscopy controls, and 535 

community controls.   

Data analysis plan 

Unconditional logistic regression models will be used to calculate odds ratios (OR) and 95% 

confidence intervals (95% CI) for associations of the two dietary scores with colorectal adenomas.  

Separate analyses will be presented for comparisons of the cases to the endoscopy controls and to 

the community controls.  The Paleolithic and Mediterranean diet pattern scores will be analyzed as 

both continuous and categorical variables (quintiles) based on the distributions of the scores in the 

community controls.  The median of each diet score quintile will be used for calculating all tests for 

trend. 

 

Aim #3:  For the third aim I will use data from a large national prospective cohort study, 

REGARDS.  The study design and recruitment for REGARDS have been described previously (196-
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200). Briefly, REGARDS is a longitudinal cohort study designed to investigate the causes of racial 

and geographic disparities in stroke.  This national cohort was oversampled from the stroke belt and 

stroke buckle regions, with half of the study participants being white, half African American, and half 

of each sex within each of the three regions.  From January 2003 to October 2007, 30,183 individuals 

older than 45 years of age enrolled and were later contacted by phone twice a year to assess incident 

stroke events or mortality.  

An in-home visit followed the computer-assisted telephone interview 3-4 weeks later during 

which study staff collected blood and urine samples, measured blood pressure and body size 

characteristics, and conducted an ECG and a medication audit.  At the in-home visit, self-

administered questionnaires, including a Block 98 Food Frequency Questionnaire (FFQ) (201), were 

left with the participants to fill out and mail or e-mail back.  Trained staff contacted cohort 

participants by phone every 6 months to ascertain any suspected stroke events or deaths.  If a death 

occurred, researchers collected the death certificate and any associated medical records for the 28-day 

period prior to death.  Any participants who could not be contacted and were considered lost to 

follow-up also had their information checked against the social security death index and/or the 

National Death Index.  Cardiovascular disease mortality was defined as death from myocardial 

infarction, stroke, sudden death, heart failure, pulmonary embolism, other cardiac causes of death, 

and non-cardiac but other cardiovascular disease deaths.  Cancer mortality included all deaths 

attributed to cancer, injury and accident deaths were recorded as a separate category, while all other 

deaths were categorized as “other”, including deaths attributed to respiratory illness, infection, liver 

disease, and kidney failure.  

Data analysis plan 

We will test each variable or potential covariate for the proportional hazards assumption by several 

means, including Log-Log Kaplan-Meier curves, goodness of fit tests, and extended Cox models.  

Hazard ratios and 95% confidence intervals for all-cause and cause specific mortality will be 
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estimated using Cox proportional-hazards regression models, using either the participants’ age as the 

underlying time scale or by using time on study after adjusting for age. 

Significance and Impact of the Study 

 There is compelling evidence that diet is associated with risk of cardiovascular disease, 

cancer, and mortality.  Yet attempts to find a single supplemental preventative agent have not been 

successful.  Diet is a complex suite of likely interacting exposures and should be examined as such.  

The macro- and micro-nutrient composition of diets can vary widely.  Given the sometimes 

unexpected effects of diet or supplement interventions on incidence of chronic diseases, it is 

important to examine potential diets before testing them in large-scale trials or making public health 

recommendations about them.  The evolutionary discordance hypothesis is that differences in the 

diets and lifestyles of modern populations and those of our hunter-gatherer ancestors may be 

responsible for some of the marked increases in the prevalence of obesity and related chronic 

diseases.  The hypothetical ancestral diet, the Paleolithic diet, has so far been examined in only a 

handful of studies.  Most of those studies were short-term pilot trials to test changes in lipid profiles, 

blood pressure, weight change, or biomarkers of glucose control.  

 To the best of my knowledge, the research I propose for this dissertation will be the first in 

in which a Paleolithic diet score is created and used to investigate associations between a Paleolithic 

diet pattern with various health outcomes, including biomarkers of inflammation and oxidative 

balance; a pre-malignant neoplasm, colorectal adenomas; and all-cause and cause-specific mortality.  

To better assess the strengths of the associations of the Paleolithic diet relative to those of the 

Mediterranean diet, the scores for the two diet patterns will be constructed using similar methods so 

that any differences in the observed associations between the scores would more likely be due to 

differences in the diets than to the score construction methods.  The results of my dissertation may 

have important implications for further studies of the Paleolithic diet pattern in relation to chronic 

disease risk, as well as to understanding whether and how evolutionary discordance may be shaping 
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health in modern times, and what the implications for the health of individuals and the public may 

be.  
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Abstract 
Background:  Chronic inflammation is associated with poor diet quality and risk for cancer and other 

chronic diseases.  A diet-inflammation association may relate to evolutionary discordance.  Objective:  

We investigated associations of two diet pattern scores, the “Paleolithic” and the Mediterranean, with 

circulating levels of two inflammation-related biomarkers, C-reactive protein (CRP), an acute 

inflammatory protein, and F2-isoprostanes, a reliable marker of in vivo lipid peroxidation, in a pooled 

cross-sectional study of an elective outpatient colonoscopy population (N=646).  Methods:  We 

created diet scores from responses on a modified Willett food-frequency questionnaire, and 

measured plasma CRP and F2-isoprostanes concentrations by enzyme-linked immunosorbant assay 

(ELISA) and gas chromatography-mass spectrometry (GCMS), respectively.  Both diet scores were 

calculated and categorized into quintiles, and their associations with higher biomarker levels were 

estimated using general linear models to calculate and compare adjusted geometric means, and via 

unconditional ordinal logistic regression.  Results:  There were statistically significant trends for 

decreasing mean plasma CRP and F2-isoprostanes concentrations with increasing quintiles of the 

Paleolithic and Mediterranean diet scores.  The multivariable-adjusted odds ratios (OR) comparing 

those in the highest relative to those in the lowest quintiles of the Paleolithic and Mediterranean diet 

scores, were, respectively, 0.62 (95% confidence interval [CI] 0.37, 1.04; Ptrend=0.04) and 0.55 (95% CI 

0.31, 0.96; Ptrend=0.01) for a higher CRP concentration, and 0.41 (95% CI 0.22, 0.75; Ptrend <0.01) and 

0.48 (95% CI 0.25, 0.92; Ptrend=0.01) for a higher F2-isoprostanes concentration.  Conclusions:  These 

findings suggest that diets that are more “Paleolithic-” or Mediterranean-like may be associated with 

lower levels of systemic inflammation and oxidative stress. 

Introduction 
Chronic inflammation is associated with many chronic diseases that have become 

increasingly common in the Western world (48). Reactive oxygen species (ROS) can lead to lipid 

peroxidation (202), a major feature of oxidative stress (203), and sustained oxidative stress can lead to 

increased inflammation, and vice versa (53). Both chronic inflammation and oxidative stress have 

been associated with cardiovascular disease (56, 204), cancer (51, 205-207), and other chronic 
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diseases (208). Several dietary factors influence a person’s chronic inflammation level (42, 209). For 

example, a higher Ω-6:Ω-3 fatty acid ratio, a high intake of saturated fat, foods with a high glycemic 

load, and lower dietary fiber intake are associated with higher inflammation levels (42). Investigations 

into which foods alter systemic inflammation and oxidative balance led to several large clinical trials 

of nutritional supplementation to prevent cardiovascular disease (55) and cancer (210, 211), most 

showing limited success and even harm in some instances (77-80). While there are many reasons why 

these trials might not have found the expected benefits, it may be that, at least in part, the nutritional 

supplements used in the trials cannot sufficiently address the relevant complex and likely interacting 

components of diet (14, 212, 213).  

To better capture the potential synergistic effects of food constituents in a complex diet, 

nutrition researchers have utilized dietary patterns.  Dietary patterns can be entirely data driven, 

decided entirely a priori, or a combination thereof, and can be used to quantify a person’s entire diet, 

rather than individual components. One such pattern that is of increasing interest is a “Paleolithic” 

diet pattern. A Paleolithic diet is roughly modeled after the diet humans ate prior to the advent of 

agriculture, as estimated from anthropological evidence from fossils and extant hunter-gatherers (6). 

The Paleolithic diet was generally composed of fruits and vegetables (large amounts and diversity) 

and lean meats, with very little to no grains, dairy products, or sugar. It was also high in calcium and 

other minerals, which are found in relatively high amounts in various wild greens (6). The 

discrepancy between the diets and lifestyles of Homo sapiens prior to the agricultural revolution and 

those during the modern, post-industrial revolution era, referred to as evolutionary discordance, has 

been proposed to account for some of the dramatic increase in chronic disease in the past century 

(149). There has been very limited study of this diet reported in the scientific literature, with some 

indications that it may improve cardiovascular and metabolic biomarkers (157-162, 166), perhaps 

similar to or even more so than a Mediterranean diet (162, 214).  A Mediterranean diet is considered 

one of the healthiest diets for preventing many chronic diseases (105, 123, 148), and is associated 

with lower levels of biomarkers of inflammation and oxidative stress (43, 98, 139).  The 
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Mediterranean diet is similar to the Paleolithic diet in that it emphasizes a high consumption of fruits, 

vegetables, and lean meats, with little added sugars; but, unlike a Paleolithic diet, is characterized by 

moderate intakes of dairy, grains, and alcohol (7).  

We previously reported inverse associations of Paleolithic and Mediterranean diet scores 

with incident, sporadic colorectal adenoma (214). In this paper we present a cross-sectional analysis 

of data from a separate pooled elective, outpatient colonoscopy population 1) to investigate an 

association of a Paleolithic diet score with two circulating markers of inflammation and oxidative 

stress, C-reactive protein (CRP) and F2-isoprostanes, respectively, and 2) to compare the latter 

findings with those from a parallel analysis of associations of a Mediterranean diet score with the 

same markers. 

Methods 
Study population and data collection 

Data from two methodically similar studies, both cross-sectional studies of elective 

outpatient colonoscopy populations, conducted by the same principal investigator (RMB), were 

pooled. The first study (Markers of Adenomatous Polyps I, MAPI) was conducted from 1994-1997 

in Winston-Salem and Charlotte, North Carolina, and the second (MAPII) was conducted in 2002 in 

Columbia, South Carolina.  Participants in both studies were recruited from patients with no prior 

history of colorectal neoplasms who were scheduled for an elective, outpatient colonoscopy for 

colorectal cancer screening or gastrointestinal symptoms in several large, community-based 

gastroenterology practices.  Initial eligibility for participation in both studies required that patients be 

30-74 years old, English speaking, free of known genetic syndromes associated with a predisposition 

to colonic neoplasia, and with no individual history of inflammatory bowel disease, adenomatous 

polyps, or cancers except for non-melanoma skin cancer.  

In MAPI, 669 (30%) of the 2,246 colonoscopy patients identified met these eligibility 

criteria; 617 (92%) were contacted, and 417 (68%) consented to participate.  In MAPII, 305 (87%) of 

the 351 colonoscopy patients identified were eligible and 232 (76%) agreed to participate.  We 

combined the two studies since their selection criteria, study protocols, and questionnaires were 
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nearly identical.  Details of the study protocols for MAPI (215) and MAPII (216) were previously 

reported.  The study protocols for both studies were approved by the respective Institutional Review 

Boards of the corresponding institutions, and all participants were willing to participate and able to 

understand and provide informed consent.  

Mailed questionnaires were completed at home and collected at the colonoscopy visit.  Study 

participants provided detailed information on demographic characteristics, personal medical history, 

smoking history, usual physical activity (via a modified Paffenbarger questionnaire), anthropometrics, 

reproductive history and hormone use (women only), and family history of cancer.  The frequencies 

of aspirin and other non-steroidal anti-inflammatory drug (NSAID) use were assessed as the number 

of pills taken per week. A 153-item (MAPI) or 85-item (MAPII) self-administered semi-quantitative 

Willett food frequency questionnaire was completed prior to colonoscopy to assess food and 

nutritional supplement intakes over the previous 12 months.  A standard portion size and nine 

possible frequency-of-consumption responses, ranging from “never, or less than once per month” to 

“6 or more times per day” were given for each item.  Total daily energy and nutrient intakes were 

calculated by summing energy and nutrients from all food sources using the dietary database 

developed by Willett (92, 191).  

On the day of the colonoscopy, fasting peripheral venous blood samples were drawn into 

red-coated, pre-chilled Vacutainer tubes and then immediately placed on ice and shielded from light 

to prevent sample degradation. Blood fractions were aliquotted into amber-colored cryopreservation 

tubes, air was displaced with an inert gas (nitrogen in MAPI and argon in MAPII), and then the 

aliquots were immediately placed in a -80°C freezer until analysis. The present study was conducted 

after most of the stored plasma samples were exhausted from prior studies; samples for CRP were 

available on 87% (n=562) of the participants, and samples for F2-isoprostanes were available on 

67.6% (n=437) of participants; the analyses reported herein are based on these sample sizes.  

High sensitivity CRP was measured via latex-enhanced immunonephelometry on a Behring 

nephelometer II (BN-II) analyzer (inter-assay CV 4%; Behering Diagnostics, San Jose, CA).  F2-
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isoprostanes were measured via a highly specific and quantitative gas chromatography-mass 

spectrometry-based (GC-MS) method (192), by the Molecular Epidemiology and Biomarker 

Research Laboratory (MEBRL) at the University of Minnesota (Minneapolis, MN). This method, 

considered the gold standard for measuring F2-isoprostanes, measures a well-defined set of F2-

isoprostane isomers.  These were extracted from participants’ samples using deuterium (4)-labeled 8-

iso-prostaglandin F2α as an internal standard.  Quality control procedures included the analysis of 

two control pools that had varying concentration ranges of F2-isoprostanes (CV 9.5% and 11% 

respectively).  

Dietary scores 

 The Paleolithic and Mediterranean diet pattern scores were constructed as described 

previously (214). Briefly, each study participant was assigned a quintile rank (and score from 1-5) of 

intake for each food group for each score, based on the sex-specific distributions in each original 

study population.  As shown in Table 2.1, higher points were given for higher intakes of foods 

considered characteristic of a given score or for low to no consumption of foods considered 

uncharacteristic of that dietary pattern.  The points for each food component were then summed to 

create the final diet pattern score.  The final scores could range from 14-70 for the 14-component 

Paleolithic diet score and 11-55 for the 11-component Mediterranean diet score.  

Statistical analysis 

 The characteristics of the study population, by quintile of each diet pattern score, were 

summarized and compared using chi-square tests for categorical variables and two-sample t-tests for 

continuous variables following a normal distribution, or the Kruskal-Wallis nonparametric test for 

continuous variables that did not follow a normal distribution.  Because the distributions of CRP and 

F2-isoprostanes were right skewed, their values were transformed by the natural logarithm, and then 

the adjusted geometric means and their standard errors by quintile of each dietary pattern were 

computed using a general linear model (implemented using the SAS GLM procedure), controlling for 

the potential confounding effects of other factors.  To facilitate interpretation and comparisons 
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between the relative strengths of the diet pattern-biomarker associations, ordinal logistic regression 

analysis was also used in which CRP and F2-isoprostane levels were categorized into quintiles based 

on the sex-specific concentrations in the pooled study population.  The multivariable unconditional 

ordinal logistic regression models were used to calculate odds ratios (OR) and 95% confidence 

intervals (95% CI) for associations of each dietary score with each sex-specific quintile increase of 

each biomarker.  The median of each diet score quintile was used for calculating all tests for trend.  

 Based on previous literature and biologic plausibility, potential confounding variables 

considered included the study (MAP1 or MAPII), regular NSAID or aspirin use (≥4 times/week), 

age, total energy intake, hormone replacement use (among women), sex, current smoking status, 

body mass index (BMI), education, physical activity, regular multivitamin use, season of the year the 

questionnaire was filled out, race, and family history of colon cancer in a first degree relative.  

Inclusion in the final models required one or more of the following criteria: biological plausibility, 

statistical significance, and/or whether inclusion/exclusion of the variable from the model changed 

the adjusted OR for the primary exposure variable by ≥10%. The final adjusted models controlled 

for study (MAP1 or MAPII), regular NSAID or aspirin use (≥4x/week), age, total energy intake 

(kcal), hormone replacement use (among women), sex, smoking (current or former/never), BMI 

(kg/m2, categorized by WHO criteria into normal/underweight, overweight, and obese), education 

(no college education or some college education), physical activity (high or low based on the study 

population median weekly METs expenditure from moderate and vigorous activities), regular 

multivitamin use (≥3x/week), and the season of the year the questionnaire was filled out.  

 To assess potential effect measure modification, separate analyses were conducted within 

dichotomous categories (as defined above) of smoking (current or former/never), BMI 

(underweight/normal or overweight/obese, sex, NSAID and aspirin use (regular or non-regular 

users), multivitamin use (regular or non-regular users), physical activity (higher or lower than the 

pooled study population’s median of 195.5 METs per week), age (younger or older than the pooled 

study population’s median age of 56.9 years), and education (any college vs. no college).  
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 To assess the sensitivity of the observed associations to how we defined the scores, each 

food component was removed from each a priori score one at a time to determine whether any one 

component substantially influenced the diet score-biomarker associations.  Diet scores were also 

constructed using medians rather than quintiles for the food groups, and an alternative calculation of 

the fat ratio variable (mono + polyunsaturated fat:saturated fat) was used for the Mediterranean diet 

score.  The presence of colon or rectal adenomas in this study population was also assessed as a 

potential confounder and an effect measure modifier. All analyses were conducted using SAS 

statistical software (SAS version 9.3, SAS Statistical Institute, Cary, NC). Two-sided tests were 

considered statistically significant if p≤0.05.  

Results 
Selected characteristics of the participants by diet score tertile are summarized in Table 2.2. 

Compared to those in the lowest quintile of the Paleolithic diet score, those in the highest quintile 

were, on average, older; were less likely to smoke, more likely to have a bachelor’s degree or higher; 

and consumed, on average, less total energy, more calcium (mainly via supplements), more dietary 

fiber and vegetables, more Ω3 fatty acids per gram of Ω6 fatty acids, and less fat and red and 

processed meat.  The descriptive comparisons for the Mediterranean diet score were similar to those 

for the Paleolithic diet score.  The Paleolithic diet score ranged from 24 to 61, while the 

Mediterranean diet score ranged from 16 to 44; the mean score for each diet pattern did not 

appreciably differ between the two original study populations.  Also, the score ranges did not 

appreciably differ by sex, and the correlation between the two scores was linear, with a Pearson 

correlation of ρ=0.70.  For each quintile of the Paleolithic diet score, the percentages of participants 

who were in the same or different quintiles of the Mediterranean diet score are shown in Table 2.3.  

Among those in the lowest and highest quintiles of the Paleolithic diet score, 48.8% and 44%, 

respectively, were in the corresponding quintile of the Mediterranean diet score. Also, among those 

in each quintile of the Paleolithic diet score, there were persons who were in one of each of the 

quintiles of the Mediterranean diet score. 
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 The multivariable-adjusted geometric means of serum CRP and F2-isoprostanes for each 

quintile of each dietary pattern score are presented in Table 2.4. For each diet pattern, there was a 

pattern of decreasing CRP and F2-isoprostane levels with increasing diet score quintile.  For those in 

the highest relative to the lowest quintile of the Paleolithic and Mediterranean diet scores, the mean 

CRP levels were, proportionately, 27 and 30% lower, respectively, and the mean F2-isoprostane levels 

were, proportionately, 15.5% and 12.6% lower, respectively.  The p for trend was statistically 

significant for each biomarker for each diet pattern. 

For additional perspective, the overall associations of the diet scores with each serum 

biomarker from the ordinal logistic regression analyses are also presented in Table 2.4.  In the 

multivariable-adjusted analyses, all tests for trend were statistically significant.  For those in the upper 

relative to those in the lowest quintile of the Paleolithic and Mediterranean diet scores, there was, 

respectively, an estimated 38% and 45% lower odds of having a higher plasma CRP level, and a more 

than 50% lower odds of having a higher plasma F2-isoprostanes level. 

 Analyses stratified by age, sex, education, current smoking status, current NSAID/aspirin 

use, and physical activity are illustrated in Figure 2.1.The inverse associations of the Paleolithic diet 

score with CRP concentrations tended to be stronger among participants who were current smokers, 

overweight/obese, or less physically active (the p for a multiplicative interaction was statistically 

significant only for physical activity).  For the Mediterranean diet score there were no statistically 

significant interactions across the categories of any of these variables.  The inverse associations of the 

Paleolithic diet with F2-isoprostanes concentrations tended to be stronger among those who were 

current smokers, younger, female, or had more than a high school education (none of the tests for 

multiplicative interaction was statistically significant); whereas for the Mediterranean diet score the 

inverse association was stronger among those who were younger or female (the p for a multiplicative 

interaction was statistically significant only for the latter). 

 In the sensitivity analyses in which each component of each dietary score was removed 

individually to determine its influence on the observed associations, no single component 
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substantially altered the associations between the diet scores and levels of either biomarker.  Yet, 

removing some components that most clearly define the differences between the two scores (e.g., 

grains, dairy, monounsaturated:saturated fat ratio, calcium, sugar-sweetened beverages) did lessen the 

differences between the associations of the two scores with F2-isoprostanes (data not shown).  There 

were also no appreciable differences in diet–biomarker associations between those found to have 

colorectal adenomas at their colonoscopy and those who did not, and including adenomas as a 

covariate in the models did not appreciably alter the estimated associations.  

Discussion 
Our results suggest that diets that are more “Paleolithic-” or Mediterranean-like may be associated 

with lower levels of systemic inflammation and oxidative stress.  Although the two diet patterns are 

similar in some, but not all respects, and the overlap in how persons in this study were categorized 

was only moderate, the associations of the two diet patterns with the markers of inflammation and 

oxidative stress were quite similar.  Our results also suggested that the Paleolithic diet-biomarker 

associations may be stronger among those who smoke, and that for either diet score the association 

with F2-isoprostanes may be stronger among females and those who are younger.  While there were 

other differences across subgroups, they were not consistent across diets or biomarkers.  

Both the Paleolithic and Mediterranean diet patterns have elements that may reduce chronic 

inflammation or improve oxidative balance.  Both are high in fruits, vegetables, fish, and nuts; have a 

more favorable Ω-6:Ω-3 fatty acid ratio and a lower glycemic load; and are less energy dense than a 

Western diet (likely leading to an improved energy balance (42, 209)), all of which are thought to 

improve systemic inflammation and oxidative balance.   

There are few reported studies of a Paleolithic diet pattern in relation to biomarkers of 

disease risk.  Six small pilot trials that examined the effects of a Paleolithic diet on cardiovascular risk 

and glycemic control biomarkers, such as HbA1c, plasma insulin, blood pressure, and serum 

triglycerides and cholesterol (157-162), generally observed improvements in these markers, although 

only three of these pilot trials had a control group (160-162).  A slightly larger study (n=70) of the 

effects of a Paleolithic diet on long-term weight loss found statistically significant greater weight loss 
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at 6 months in the Paleolithic diet group relative to the control group, although the difference mostly 

dissipated after 24 months (166).  Maintenance of a more normal body weight may be one way a 

Paleolithic diet may maintain lower levels of inflammation and oxidative stress. However, because we 

controlled for BMI in our models, our findings suggest that a Paleolithic diet may also reduce 

inflammation and oxidative stress via other mechanisms. Of further, although indirect, support of the 

inverse associations found in the present study of the two diet pattern scores with inflammation and 

oxidative stress levels, is that, in part because colorectal neoplasms are thought to be associated with 

inflammation and oxidative stress (217-221), we previously investigated associations of the two diet 

pattern scores with incident, sporadic colorectal adenoma in a case-control study in a different 

population than from that reported herein (214).  In that study we found that both diets were 

similarly inversely associated with adenoma (214).  

The Mediterranean diet was associated with lower circulating levels of biomarkers of 

inflammation and oxidative balance in several prior studies.  It has generally been more strongly 

inversely associated with CRP than have other healthy diet patterns reported in the literature (43), 

and greater adherence to a Mediterranean diet pattern has also been associated with lower F2-

isoprostane levels as well as with other biomarkers of lipid peroxidation (98).  In the PREDIMED 

sub-study (n=110) of participants with metabolic syndrome randomized to a Mediterranean diet 

supplemented with either olive oil or nuts were estimated to have an almost 50% greater reduction in 

mean F2-isoprostane levels (p=0.06) relative to the low-fat diet arm after one year (139).  The current 

study supports these previously published findings. 

Unlike most diet patterns where stronger inverse associations for a wide range of outcomes 

are usually observed for men but not women (14), we found the Paleolithic and Mediterranean diet 

patterns to be more strongly inversely associated with the biomarkers—especially F2-isoprostanes—

among women.  However, the tests for interaction were mostly not statistically significant and our 

sex-specific findings may be due to the sex-specific diet scoring procedure we used, which allowed 

for different consumption patterns across the sexes. 
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This study has several strengths and limitations.  Strengths include that it is the first 

investigation of associations of a Paleolithic diet pattern with biomarkers of inflammation or 

oxidative stress.  The Paleolithic and the Mediterranean diet patterns were similarly constructed so 

that differences in the findings for the two diets would be attributable to the differences in the dietary 

patterns rather than to the mechanics of how the scores were constructed.  Limitations include that 

participants’ diets were not perfectly consistent with the ideal of either pattern; however, this would 

likely result in underestimates of the inverse associations with CRP and F2-isoprostanes and suggest 

that even moderate adherence to one of the diet patterns may be associated with lower levels of 

inflammation and oxidative balance.  Other limitations include the study’s cross-sectional design, the 

known limitations of assessing diet with self-reported semi-quantitative food frequency 

questionnaires (91, 92), and the limited number of biomarkers to characterize inflammation and 

oxidative balance. The two original studies that were pooled for the present analysis used different 

versions of the Willett FFQ; however, the diet pattern components and scores were highly correlated 

between the two studies.  Last, individuals undergoing elective, outpatient colonoscopy may not be 

representative of the general United States population.  

In conclusion, our findings, taken together with those from previous studies, suggest that 

diets that are more “Paleolithic-” or Mediterranean-like may be associated with lower levels of 

systemic inflammation and oxidative stress.  
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Table 2.1.  Paleolithic and Mediterranean diet score constituents and point assignmentsa 

 

Lowest 
intake 

quintile 

2nd  
Quintile 

3rd  
Quintile 

4th  
Quintile 

Highest 
intake 

quintile 

Paleolithic diet scoreb      
Vegetables 1 2 3 4 5 
Fruits 1 2 3 4 5 
Fruit & vegetable diversityd 1 2 3 4 5 
Lean meatse 1 2 3 4 5 
Fish 1 2 3 4 5 
Nuts 1 2 3 4 5 
Calciumf 1 2 3 4 5 
      
Red and processed meatsg 5 4 3 2 1 
Sodium 5 4 3 2 1 
Dairy 5 4 3 2 1 
Grains and starches 5 4 3 2 1 
Baked goodsh 5 4 3 2 1 
Sugar sweetened beverages 5 4 3 2 1 
Alcohol (drinks/week) 5 4 3 2 1 
      

Mediterranean diet scorec      
Vegetables 1 2 3 4 5 
Fruits 1 2 3 4 5 
Lean meatse 1 2 3 4 5 
Fish 1 2 3 4 5 
Nuts 1 2 3 4 5 
Monounsaturated:saturated 

fat ratio 
1 2 3 4 5 

      
Red and processed meatsg 5 4 3 2 1 
Sodium 5 4 3 2 1 
      
Dairy 1 3 5 3 1 
Grains and starches 1 3 5 3 1 
      
Alcohol Women: 5 – 15 g/day (+5 points) 

Men: 10—25 g/day (+5 points) 
Otherwise (+1 point) 

a All constituents measured in servings/week unless otherwise indicated. 
b Paleolithic diet score: 14 components, range of possible scores 14 – 70. 
c Mediterranean diet score: 11 components, range of possible scores 11 – 55. 
d Fruit & vegetable diversity calculated by summing the total number of responses on the food 
frequency questionnaire fruit and vegetable sections that indicated that the participant ate more than 1-
3 servings of a given food item per month. 
e Lean meats include skinless chicken or turkey, lean beef. 
f Calcium intake from sources other than dairy; calculated as residuals from linear regression of total 
calcium intake (mg/day) on dairy foods intake. 
g Nitrate processed meats and non-lean red meat consumption together. 
h Baked goods include items such as cake, pie, and other pastry-type food.   
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Table 2.2.  Selected characteristics of participants (N=646); pooled MAPI and MAPII studies. 

 
Abbreviations: SD, standard deviation; MET-hrs./wk., metabolic equivalents of tasks (hours/week); 
NSAID, non-steroidal anti-inflammatory drug. 
a P values calculated using chi-square tests for categorical variables and ANOVA for continuous 
variables unless otherwise noted.  
b P values calculated using Kruskal-Wallis non-parametric test.  
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c Dietary + supplemental. 
d Missing data:  Plasma C-reactive protein (n = 84); Plasma F2-isoprostanes (n = 209); Prevalent 
colorectal adenoma (n = 48); Age (n = 57); Smoking status (n = 15); BMI (n = 9); Current ethanol 
intake (n = 1); Education level (n = 4).   
 
 
 
 
Table 2.3.  For each quintile of the Paleolithic diet score, the number and percentages of study 
participants who were in the same and different quintiles of the Mediterranean diet score; pooled 
MAPI and MAPII studies. 

 

Paleolithic diet score quintile 

1 2 3 4 5 

M
e

d
it

e
rr

a
n

e
a

n
 d
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sc
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re
 q

u
in
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le

 

1 79 (48.8%) 25 (22.9%) 16 (12.1%) 3 (2.5%) 2 (1.6%) 

2 48 (29.6%) 32 (29.4%) 28 (21.2%) 15 (12.7%) 7 (5.6%) 

3 25 (15.4%) 30 (27.5%) 33 (25.0%) 30 (25.4%) 13 (10.4%) 

4 9 (5.6%) 19 (17.4%) 42 (31.8%) 35 (29.7%) 48 (38.4%) 

5 1 (0.6%) 3 (2.8%) 13 (9.9%) 35 (29.7%) 55 (44.0%) 

  162 (100%) 109 (100%) 132 (100%) 118 (100%) 125 (100%) 
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Table 2.4.  Associations of Paleolithic and Mediterranean diet scores with plasma levelsa of C-reactive 
protein and F2-isoprostanes; pooled MAPI and MAPII studies. 
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Figure 2.1.  Associations of the Paleolithic and Mediterranean diet scores with plasma C-reactive protein and F2-
isoprostanes concentrations,a according to selected participant characteristics; pooled MAPI and MAPII studies. 

 
Abbreviations: CRP, C-reactive protein; FIP, F2-isoprostanes; BMI, body mass index; OR, odds ratio; 
LN, natural logarithm; 95% CI, 95% confidence interval.  
a From unconditional ordinal logistic regression model; only the comparison of the 5th relative to the 
1st quintile of each diet score with the sex-specific quintiles of the biomarkers are shown; model 
covariates included study (MAP1 or MAPII), regular NSAID or aspirin use (≥ 4x per week), age, 
total energy intake (kcal), current hormone replacement use (among women), sex, smoking (current 
or former and never), body mass index (kg/m2, categorized by WHO criteria into normal, 
overweight, and obese), education level (no college education or some college education), physical 
activity level (high or low based on the median weekly METs expenditure in the pooled population), 
regular multivitamin use (≥ 3x per week), season of the year completed food frequency 
questionnaire. CRP and F2-isoprostanes are categorized into sex-specific quintiles from the pooled 
study population.  
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b P for trend calculated by assigning the median of each diet score quintile to each quintile, and 
treating this quintile exposure as continuous.  CRP and F2-isoprostanes are categorized into sex-
specific quintiles from the pooled study population.  For each quintile of each diet score, eβ is the 
odds that the biomarker concentration is greater than the quintile cut point if the diet score is in the 
non-referent category compared to the odds if in the referent category. 
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Supplemental Table 2.1.  Adjusted geometric means of Paleolithic and Mediterranean diet scores by 
quintiles of circulating C-reactive protein and F2-isoprostanes levels,a according to selected risk 
factors for chronic inflammation; pooled MAPI and MAPII studies. 

 
Abbreviations: 95% CI, 95% confidence interval. 
a Adjusted geometric mean from general linear model; covariates included study (MAP1 or MAPII), 
regular NSAID or aspirin use (≥ 4x per week), age, total energy intake (kcal), current hormone 
replacement use (among women), sex, smoking (current or former and never), body mass index 
(kg/m2, categorized by WHO criteria into normal, overweight, and obese), education level (no 
college education or some college education), physical activity level (high or low based on the median 
weekly METs expenditure in the pooled population), regular multivitamin use (≥ 3x per week), 
season of the year completed food frequency questionnaire.  
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b P for trend calculated by assigning the median of each diet score quintile to each quintile, and 
treating this quintile exposure as continuous.  
 
 



63 
 

 
 

CHAPTER 3: PALEOLITHIC AND MEDITERRANEAN DIET 
PATTERN SCORES AND RISK FOR INCIDENT, SPORADIC 
COLORECTAL ADENOMAS 

 
Kristine A. Whalen1, Marjorie L. McCullough2, W. Dana Flanders1,3,  

Terryl J. Hartman1,4, Suzanne Judd5, Roberd M. Bostick1,4 

 

1 Emory University Rollins School of Public Health, Department of Epidemiology 

Atlanta, Georgia, United States 

1 American Cancer Society, Epidemiology Research Program, Atlanta, Georgia, United States 

1 Emory University Rollins School of Public Health, Department of Biostatistics and Bioinformatics 

Atlanta, United States 

1 Emory University, Winship Cancer Institute Atlanta, Georgia, United States 

1 University of Alabama at Birmingham, Biostatistics Birmingham, Alabama, United States 



64 
 

 
 

Abstract 
A Westernized diet is associated with higher risk for colorectal neoplasms.  Evolutionary 

discordance could explain this association.  We investigated associations of scores for two proposed 

diet patterns, the “Paleolithic” and the Mediterranean, with incident, sporadic colorectal adenomas in 

a case-control study of colorectal polyps conducted in Minnesota (1991-1994).  Patients with no prior 

history of colorectal neoplasms completed comprehensive questionnaires prior to elective, outpatient 

endoscopy; of these, 564 were identified as cases and 1,202 as endoscopy-negative controls.  An 

additional group of age and sex frequency-matched community controls (n=535) was also recruited.  

Both diet scores were calculated and categorized into quintiles, and associations estimated using 

unconditional logistic regression.  The multivariable-adjusted odds ratios (OR) comparing those in 

the highest relative to the lowest quintiles of the Paleolithic and Mediterranean diet scores were, 

respectively, 0.71 (95% confidence interval [CI]: 0.50, 1.02; Ptrend=0.02) and 0.74 (95% CI: 0.54, 1.03; 

Ptrend=0.05) when comparing the cases to the endoscopy-negative controls, and 0.84 (95% CI: 0.56, 

1.26; Ptrend=0.14) and 0.77 (95% CI: 0.53, 1.11; Ptrend=0.13) when comparing the cases to the 

community controls.  These findings suggest that higher adherence to the Paleolithic or 

Mediterranean diet patterns may be similarly associated with lower risk for incident, sporadic 

colorectal adenomas. 
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Introduction 
Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second leading cause 

of cancer mortality in the United States (222).  Rapidly increasing incidence rates in previously low-

incidence populations in urban China, Japan, and male Polynesians in Hawaii have coincided with 

those populations adopting a more westernized lifestyle (13).  These changing incidence rates, along 

with studies of immigrant populations (13), point to a strong influence of diet and other lifestyle 

factors on CRC risk.  Many, but not all, epidemiological studies found diets high in fruits and 

vegetables to be associated with lower risk of CRC (13, 223).  Epidemiological studies on high fat 

diets and high meat consumption have generally found weak, inconsistent evidence of higher risk of 

CRC (12, 13), with red and processed meat consumption more convincingly associated with higher 

risk of CRC (12).  Yet several trials testing low-fat diet, fiber supplement, or antioxidant supplement 

interventions were unsuccessful in reducing the recurrence of colorectal adenomatous polyps (224, 

225), the precursors to most colorectal cancers (225-227).  

 As no single dietary constituent appears responsible for the majority of CRC risk, it may be 

more useful for future public health recommendations to characterize diet patterns and their relation 

to risk of CRC.  Dietary patterns are helpful in studying the effects of total diet on health outcomes, 

and can be data driven and flexible enough to examine many different theoretical diets.  Several 

reported studies used food frequency questionnaire responses to create various dietary patterns by 

using either purely data driven methods (e.g., principal component, factor, and cluster analyses) or by 

constructing index driven diet patterns in order to investigate associations of diet with CRC risk (15, 

110, 111, 114, 115, 132, 220, 228, 229).  A commonly examined pattern is the Mediterranean diet, 

which is characteristic of countries in the Mediterranean region circa 1960, when life expectancy 

there was among the highest in the world (7).  The Mediterranean diet is characterized by high intake 

of fruits, vegetables, nuts, fish, and whole grains, moderate amounts of alcohol and dairy products, 

and low quantities of red or processed meats and sweets (7).  One small observational study within a 

clinical trial cohort found that a Mediterranean diet pattern was associated with lower risk of 

colorectal adenoma recurrence, though only in women (230).  While the Mediterranean diet is 
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considered healthier than a Westernized diet, it has also been proposed that a dietary pattern more 

consistent to what would have been available during late human evolution may be ideal for 

preventing modern chronic diseases, including cancer (6).  

 The evolutionary discordance hypothesis (149) is that the rapid increase in many chronic 

conditions and diseases over the past century stems from recent changes in diet and lifestyle patterns 

relative to those pursued by our evolutionary ancestors.  Anthropologists have constructed a 

“Paleolithic Diet” that describes the general diet Homo sapiens would have eaten prior to the 

development of agriculture (6).  The Paleolithic diet pattern is characterized by a wide diversity of 

fruits and vegetables, lean meats, eggs, and nuts; it excludes grains, dairy products, refined fats, and 

sugar, and is very low in salt.  While there are no reported observational studies of the Paleolithic diet 

pattern and risk for chronic diseases, there are a few reported small pilot trials and one longer 

Paleolithic diet intervention (157, 160, 162, 166).  In the pilot trials, the Paleolithic diet intervention 

compared to the Mediterranean diet appeared to provide better glucose control, increased weight 

loss, and reduced waist circumference after 12 weeks (162).  When directed to eat a Paleolithic diet, 

obese post-menopausal women lost significantly more weight after six months than those on a 

conventional healthy diet, though this difference was mostly attenuated after two years (166). 

 By examining dietary patterns rather than specific food groups, we may more realistically and 

robustly account for the effects of multiple weak, likely interacting associations of foods and 

nutrients on colorectal adenoma risk.  We evaluated associations of both Mediterranean and 

Paleolithic dietary patterns with frequency of newly-diagnosed, sporadic colorectal adenoma in a 

case-control study of adult men and women in the United States.  

Methods 
Study population and data collection 

In the Minnesota Cancer Prevention Research Unit case-control study data were collected 

between April 1991 and April 1994 as part of a joint project between the University of Minnesota 

and a large, multi-clinic private gastroenterology practice (193, 194).  The gastroenterology practice 

performed colonoscopies and sigmoidoscopies in 10 hospitals and endoscopy units and, at the time 
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of the study, was responsible for approximately 60 percent of all colonoscopies in the Minneapolis 

metropolitan area.  The institutional review boards of the University of Minnesota and each 

endoscopy site approved the study.  Written informed consent was obtained from each study 

participant. 

The gastroenterology practice staff initiated study recruitment while scheduling elective, 

outpatient colonoscopies or flexible sigmoidoscopies (“endoscopies”).  All 10 of the practices’ 

endoscopy sites recruited patients.  Initial eligibility for study participation required that patients be 

30-74 years old, residents of the Minneapolis-St. Paul metropolitan area, English speaking, free of 

known genetic syndromes associated with a predisposition to colonic neoplasia, and with no 

individual history of inflammatory bowel disease, adenomatous polyps, or cancers except for non-

melanoma skin cancer.  

Mailed questionnaires were completed prior to endoscopy, collected at the endoscopy visit, 

and blood samples drawn.  The endoscopists recorded polyp locations and in vivo sizes and shapes on 

standardized forms.  All polyps were removed and examined histologically by a single index study 

pathologist using National Polyp Study diagnostic criteria (195).  

Based on the endoscopy and pathology findings, participants were assigned final eligibility 

and case/control status.  To be eligible as an adenoma case or a colonoscopy-negative control, the 

participant must have had a complete colonoscopy reaching the cecum, had all polyps removed, not 

have a new diagnosis of inflammatory bowel disease, and have no polyps with invasive carcinoma 

(n=684).  Sigmoidoscopy-negative controls had similar eligibility requirements, but completed only a 

flexible sigmoidoscopy (n=518).  Endoscopy controls were free of both adenomatous and 

hyperplastic polyps at endoscopy.  The participation rate for all colonoscoped patients was 68 

percent. 

In addition to the endoscopy controls, a separate group of potential community controls 

(n=535) was randomly selected from the 1991 Minnesota State Driver’s License Registry and 

frequency matched to the cases on age (5-year intervals), sex, and zip code.  The community control 
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participants were only included in the study if they met the same eligibility criteria as the colonoscopy 

patients except that they did not undergo colonoscopy or sigmoidoscopy to confirm their current 

polyp status.  The participation rate of the community controls was 65 percent.  

Study participants provided detailed information on demographic characteristics, personal 

medical history, smoking history, usual physical activity, anthropometrics, reproductive history and 

hormone use (women only), and family history of cancer.  The frequency of aspirin and non-aspirin 

non-steroidal anti-inflammatory drug (NSAID) use was assessed as the number of pills taken per 

week.  A self-administered, 166-item modified semi-quantitative Willett food frequency questionnaire 

was used to assess food and nutritional supplement intakes over the previous 12 months.  A standard 

portion size and nine possible frequency-of-consumption responses, ranging from “never, or less 

than once per month” to “6 or more times per day” were given for each food.  Total energy and 

nutrient intakes were calculated by adding energy and nutrients from all food sources using the 

dietary database developed by Willett (92, 191).  

A total of 2,301 participants completed the study and were included in this analysis, 

including 564 cases, 1,202 endoscopy controls, and 535 community controls.  Participants who left 

>10 percent of the food frequency questionnaire questions blank (8 cases, 37 endoscopy-negative 

controls, and 14 community controls) or had implausible total energy intakes (<600 kcal/day or 

>5,000 kcal/day; 2 cases, 6 endoscopy-negative controls, and 1 community control) were excluded 

from the analyses.  

Dietary scores 

 The Paleolithic and Mediterranean diet pattern scores were constructed in a similar manner, 

as summarized in Table 3.1.  The foods and associated point values were determined before analysis 

using published dietary guidelines for each diet (6, 132, 190).  For the most part, each study 

participant was assigned a quintile rank (and score from 1–5) of intake for each food category, based 

on the sex-specific distribution of intake in the community controls.  Higher scores were given for 

higher intakes of foods that were considered characteristic of the diet pattern, and for lower to no 
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consumption of foods that were not considered characteristic of the diet pattern.  For the 

Mediterranean diet score this scheme was modified in relation to dairy, grains and starches, and 

alcohol intakes as noted in Table 3.1.  Although the Mediterranean diet score most often is 

constructed simply using two categories of intakes (high and low based on median intake), we 

constructed ours based on quintiles of intake to facilitate a more direct comparison of the two diet 

scores.  For the Paleolithic diet score two unique variables were created.  The first, a fruit and 

vegetable diversity score, was created by summing the total number of responses on the food 

frequency questionnaire fruit and vegetable sections that indicated that the participant ate >1–3 

servings of a given food item/month.  More diversity was considered desirable.  Second, because the 

Paleolithic diet had little dairy but high amounts of calcium (from wild greens) (6), to consider dietary 

calcium separately from dairy products we used the residuals of a linear regression of total calcium 

intake on total dairy intake to represent calcium intake independent of dairy consumption.  The final 

scores could range from 11 to 55 for the 11-component Mediterranean diet score and from 14 to 70 

for the 14-component Paleolithic diet score.   

Statistical analysis 

 The characteristics of the cases, endoscopy controls, and community controls were 

summarized and compared using chi-square tests for categorical variables and two-sample t-tests for 

continuous variables.  Unconditional logistic regression models were used to calculate odds ratios 

(OR) and 95% confidence intervals (95% CI) for associations of the two dietary scores with 

colorectal adenomas.  Separate analyses are presented for comparisons of the cases to the endoscopy 

controls and to the community controls.  The Paleolithic and Mediterranean diet pattern scores were 

analyzed as both continuous and categorical variables (quintiles) based on the distributions of the 

scores in the community controls.  The median of each diet score quintile was used for calculating all 

tests for trend. 

 Based on previous literature and biological plausibility, potential confounding variables 

considered included sex, age (continuous), race, total energy intake (kcal/day), education (in years), 
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body mass index (BMI kg/m2), family history of colon cancer in a first-degree relative, history of 

diabetes, hormone replacement therapy use (women only), regular (≥ once per week) NSAID use, 

physical activity (Metabolic Equivalent of Task (MET)s/week), and smoking (current/former/never).  

Inclusion in the final models required one or more of the following criteria:  biological plausibility, 

statistical significance, and/or whether inclusion or exclusion of the variable from the model changed 

the adjusted OR for the primary exposure variable by ≥10 percent.  The final adjusted models 

controlled for age, sex, total energy intake, hormone replacement therapy use, family history of colon 

cancer in a first-degree relative, NSAID use, BMI, and physical activity.  

 To assess potential effect modification, separate analyses were conducted for each category 

of:  age (<56 years / ≥ 56 years), sex, family history of colon cancer in a first degree relative (yes/no), 

smoking (ever/never), BMI (normal / overweight & obese), regular NSAID use (yes/no), and 

physical activity (<25 METs per week / ≥25 METs per week).  In addition, separate analyses were 

conducted according to the cases’ adenoma characteristics, including multiplicity (1 / >1) and, based 

on the largest adenoma, size (<1.0 cm / ≥1.0 cm), colon site (right / left), degree of atypia (mild / 

moderate-severe), and histologic subtype (tubular / tubulovillous and villous).  

 To assess the sensitivity of the associations to how we defined the scores, each food 

component was removed from both a priori scores one at a time to determine whether any one 

component overly influenced the diet score-adenoma associations.  All analyses were conducted 

using SAS statistical software (SAS version 9.3, SAS Statistical Institute, Cary, NC).  Two-sided tests 

were considered statistically significant if P ≤0.05. 

Results 
Selected characteristics of the cases and controls are summarized in Table 3.2.  Compared to the 

cases, the endoscopy controls, on average, were younger, had a lower BMI, and had lower intakes of 

alcohol, fat, red and processed meat, and a lower total energy intake.  Endoscopy controls were also 

more likely to be female, to have never smoked, have a higher level of education, be taking an 

NSAID or supplemental calcium, eat more fruits and vegetables, and, if a woman, be on hormone 

replacement therapy.  Compared to the cases, the community controls were more likely to be female, 
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have never smoked, have a lower average BMI, and be less likely to have a first degree relative with a 

history of colorectal cancer.  The mean Paleolithic diet score was slightly lower in the cases than in 

the community controls (41.3 vs. 42.1; P=0.03) and minimally lower than in the endoscopy controls.  

Mean Mediterranean diet scores did not substantially differ by case/control status.  The Paleolithic 

diet score ranged from 19 to 67, while the Mediterranean diet score ranged from 13 to 46.  These 

ranges did not appreciably differ by sex.  The correlation between the two diet scores was linear and 

strong (ρ=0.76).  

The overall associations of the diet scores with colorectal adenomas are presented in Table 

3.3.  In the multivariable-adjusted analyses, when the diet scores were treated as continuous variables, 

adenoma frequency was estimated to be borderline statistically significantly lower by 1-2 percent per 

point increase in the Paleolithic and Mediterranean diet scores.  When the scores were treated as 

categorical variables (quintiles), the Paleolithic and Mediterranean diet scores were statistically 

significantly associated with adenoma frequency in the comparisons involving the endoscopy 

controls (Ptrend=0.02 and 0.05, respectively, although the estimates for the individual quintiles were 

not statistically significant), but not in the comparisons involving the community controls.  The odds 

of disease among those in the highest quintile of each score was about one fourth lower than that 

among those in the lowest quintile.  The magnitudes of the Mediterranean diet estimated score-

adenoma associations in the comparisons involving the two control groups were nearly identical to 

each other, but for the Paleolithic diet score they were slightly stronger in the comparison involving 

the endoscopy controls. 

As noted in Table 3.4, the inverse associations of both diet scores with colorectal adenomas 

were substantially stronger among men and those who were overweight or obese.  There were no 

consistent and clear patterns of differences in the associations of the scores with adenomas according 

to age (Table 3.4), family history of colorectal cancer in a first degree relative, smoking status, 

physical activity, or NSAID use (data not shown).  As noted in Table 3.5, the inverse associations of 

both scores with adenomas were substantially stronger for multiple adenomas and adenomas with a 
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villous component, but there were no clear patterns of differences in the associations according to 

adenoma size, location, or degree of dysplasia (data not shown).  

In the sensitivity analyses in which each component of each dietary score was removed from 

its respective score one at a time, we found no substantial differences from the associations reported 

in the tables (data not shown). 

Discussion 
Our results suggest that more Paleolithic- and Mediterranean-like dietary patterns may be 

similarly inversely associated with risk for colorectal adenomas, perhaps especially for men and those 

who are overweight or obese, as well as for multiple adenomas or adenomas with a villous 

component.  

The Paleolithic and Mediterranean diet patterns both have several components that could 

plausibly reduce adenoma risk.  Both dietary patterns are high in fruits and vegetables that may help 

improve oxidative balance, increase dietary fiber, and reduce total energy intake, all of which are 

thought to reduce colorectal adenoma and cancer risk (12, 194, 231, 232).  They are also both low in 

red, processed, and fatty meats, which are thought to increase colorectal cancer risk via several 

mechanisms (12, 13, 227).  The two diet patterns may also reduce systemic inflammation, which is 

associated with lower risk of colorectal cancer (43, 233).  Given that overweight and obese 

individuals tend to have higher levels of systemic inflammation (234), our findings of stronger 

inverse associations of the diets with adenomas among those who are overweight or obese provide 

some indirect support for the hypothesis that inflammation is a key pathway by which these diet 

patterns act.  However, women generally have a higher level of systemic inflammation than do men, 

yet the associations of the diet patterns with adenoma were stronger among men.  Stronger 

associations between dietary patterns and colorectal adenomas or colorectal cancer in men have 

frequently been reported, and it is unclear whether this may be related to true biological differences 

in diet effects (235), differences in diet patterns, or differential diet measurement (14).  The stronger 

associations for multiple adenomas and adenomas with a villous component may be related to 

inflammation, though the exact mechanism is unclear (236).  
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The Paleolithic diet pattern was examined in three small pilot dietary intervention studies, one 

uncontrolled (in a healthy, non-obese population) (157) and two with comparison groups eating 

conventional healthy diets (in populations of Type-2 diabetes or ischemic heart disease patients) (160, 

162); the results from these 12-week trials suggested that the Paleolithic diet pattern may improve 

blood pressure, serum cholesterol, glycemic control, and C-reactive protein independent of any 

decrease in weight.  A longer trial of post-menopausal obese women directed to eat a Paleolithic diet 

or a Nordic Nutrition Recommended (low-fat, high-fiber) diet  (165) found greater fat loss (-6.5 vs. -

2.6 kg, P<0.001) and lower levels of triglycerides at 6 months in the Paleolithic diet group, though 

much of the fat loss was attenuated after two years (-4.6 vs. -2.9 kg, P=0.095) (237).  

While there are no previous epidemiologic reports of a Paleolithic diet score in relation to 

colorectal neoplasms, six prospective cohort studies have examined the Mediterranean diet score—

one in relation to incident adenomas, one in relation to adenoma recurrence, and four in relation to 

incident carcinomas—generally finding inverse associations.  Among Prostate, Lung, Colorectal and 

Ovarian (PLCO) Cancer Screening Trial participants, a higher Mediterranean diet score was inversely 

associated with adenoma (OR for the highest relative to the lowest quintile = 0.79 [95% CI: 0.68, 

0.92; Ptrend <0.001]) (228).  A principal components analysis conducted in the European Cancer 

Prevention Intervention Study identified a Mediterranean-like dietary pattern that was associated with 

significantly less 3-year adenoma recurrence only among women (OR=0.30 for highest tertile relative 

to lowest tertile [95% CI: 0.09, 0.98; Ptrend =0.04]) (230).  In the four studies of incident colorectal 

cancer, the findings for the highest relative to the lowest quantiles of the score were 1) in the 

European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, HR=0.89 (95% CI: 

0.80, 0.99; Ptrend=0.02) (111); 2) in the Italian component of the EPIC cohort, HR=0.50 (95% CI: 

0.35, 0.71; Ptrend=0.04) (110); 3) in the NIH-AARP Diet and Health Study, RR=0.72 (95% CI: 0.63, 

0.83) and 0.89 (95% CI: 0.72, 1.11) among men and women, respectively (229); and 4) in the Nurses 

Health Study (NHS) and Health Professionals Follow-up Study (HPFS) cohorts, the RRs were 0.88 
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(95% CI: 0.71, 1.09; Ptrend=0.25) and 0.89 (95% CI: 0.77, 1.01; Ptrend=0.06) in men and women, 

respectively (132).  

This study had several strengths and limitations.  Strengths included standardized pathologic 

verification of adenomas, thereby reducing outcome misclassification; the use of two control groups, 

each with their own strengths and limitations; assessment of exposure information prior to 

endoscopy, reducing opportunity for recall bias; and the detailed information collected on potentially 

confounding variables.  Whereas there was minimal outcome misclassification among the endoscopy 

controls, they may have been more similar to the cases in various respects, and whereas the 

community controls may have been more representative of the general population, some may have 

been undiagnosed cases; thus, for different reasons, the estimated associations with both control 

groups likely were attenuated.  Although age and sex are known risk factors for colorectal neoplasms 

and were controlled for in the analyses, the degree to which the endoscopy controls were, on average, 

younger and more likely to be women, raises the possibility of some selection bias.  While the inverse 

associations between each diet and colorectal adenoma frequency were similar to each other, the 

point estimates for the associations of the fifth relative to the first quintiles were not statistically 

significant, underscoring the importance of investigating these diets in larger, preferably prospective, 

studies.  An important limitation of our study was that for the most part the actual diets of the 

participants could not be considered to be strongly consistent with the Paleolithic or Mediterranean 

diet patterns.  This suggests that our findings may substantially underestimate the potential of the diet 

patterns for reducing risk for colorectal adenomas.  Finally, while our Paleolithic diet score was data-

derived for the quintile cutoffs, and thus study specific (see reference 13 for a review of diet scores), 

the schema can be applied to other study populations. 

In conclusion, our findings, taken in context with those from previous studies, suggest that a 

Paleolithic or Mediterranean diet pattern may be inversely associated with risk for incident, sporadic 

colorectal adenomas.
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Table 3.1.  Paleolithic and Mediterranean Diet Pattern Score Constituents and Constructiona 
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Table 3.2.  Selected Characteristics of Participants (N=2,301); Minnesota CPRU Case-Control Study 
of Incident, Sporadic Colorectal Adenomas, 1991-1994 
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Table 3.3.  Associations of Paleolithic and Mediterranean Diet Scores with Incident, Sporadic, 
Colorectal Adenomas; Minnesota CPRU Case-Control Study, 1991-1994 
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Table 3.4.  Associations of Paleolithic and Mediterranean Diet Scores With Incident, Sporadic 
Colorectal Adenomas According to Selected Risk Factors for Colorectal Neoplasms; Minnesota 
CPRU Case-Control Study, 1991-1994 

 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index. 
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a Endoscopy controls included those who had a colonoscopy and those who had only a flexible 
sigmoidoscopy. 

b From unconditional regression model; covariates included age (continuous), sex, family history of colon 
cancer in a first-degree relative (yes/no), regular (≥ once/week) non-steroidal anti-inflammatory use, body 
mass index (kg/m2), physical activity (MET-hrs./wk.), total energy intake (kcal/day), and hormone 
replacement therapy use (in women). 
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Table 3.5.  Associations of Paleolithic and Mediterranean Diet Scores with Incident, Sporadic 
Colorectal Adenomas According to Selected Adenoma Characteristics; Minnesota CPRU Case-
Control Study, 1991-1994 

 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. 
a Endoscopy controls included those who had a colonoscopy and those who had only a flexible 
sigmoidoscopy 

b From unconditional regression model; covariates included age (continuous), sex, family history of colon 
cancer in a first-degree relative (yes/no), regular (≥ once/week) non-steroidal anti-inflammatory use, body 
mass index (kg/m2), physical activity (MET-hrs./wk.), total energy intake (kcal/day), and hormone 
replacement therapy use (in women)  
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Abstract 
Poor diet quality is associated with higher risk of many chronic diseases that are among the 

leading causes of death in the United States.  Evolutionary discordance may account for some of the 

higher incidence and mortality from these diseases.  We investigated associations of two diet pattern 

scores, the “Paleolithic” and the Mediterranean, with all-cause and cause-specific mortality in the 

Reasons for Geographic and Racial Differences in Stroke (REGARDS) study, a longitudinal cohort 

of black and white adults ≥45 years of age.  Participants completed questionnaires, including a Block 

food-frequency questionnaire (FFQ), at baseline and were contacted every 6 months to determine 

their health status.  Of the analytic cohort (n = 21,423), a total of 2,513 participants died during a 

median follow-up of 6.25 years.  We created diet scores from FFQ responses and assessed their 

associations with mortality using multivariable Cox proportional hazards regression models adjusting 

for major risk factors.  For those in the highest relative to the lowest quintiles of the Paleolithic and 

Mediterranean diet scores the multivariable adjusted hazard ratios for all-cause mortality were, 

respectively, 0.77 (95% confidence interval [CI] 0.67, 0.89; Ptrend<0.01) and 0.63 (95% CI 0.54, 0.73; 

Ptrend <0.01).  Results for all-cancer and all-cardiovascular disease mortality were similar to those for 

all-cause mortality.  Findings from this biracial prospective study suggest that diets closer to 

Paleolithic or Mediterranean diet patterns may be inversely associated with all-cause and cause-

specific mortality.  
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Introduction 
Cardiovascular disease and cancer are the two leading causes of death in the United States 

(3).  Diet has been strongly associated with risk for these and other chronic diseases (10, 91, 238), 

and investigations into which foods or nutrients may affect risk led to several large clinical trials of 

the effects of various nutritional supplements on risk for cardiovascular disease (79, 80, 82, 83, 167-

169, 172-188), cancer (77-80, 82, 83, 167-173, 175-178, 180, 182-187, 189), and mortality (77-80, 82, 

83, 167-173, 175-182, 185-188).  Most of these trials yielded null, or sometimes harmful, results (77-

80).  Given these findings, nutritional supplements are not generally recommended for preventing 

cardiovascular disease or cancer.  There are several potential explanations for the null results from 

supplementation trials, including a possible inability of supplements to mimic the complex 

composition and interacting components of whole foods and diets (14, 91, 212, 213). 

To assess the totality of diet rather than the influence of single nutrients, foods, and other 

individual dietary constituents, nutrition researchers have utilized dietary pattern analysis.  There are 

several methods for constructing or representing dietary patterns for analysis, from agnostic data-

driven methods, to a priori methods in which food groups and consumption patterns are 

characterized based on, for example, published dietary quality indices or current dietary 

recommendations (91).   

A dietary pattern of growing interest is the Paleolithic diet pattern.  The substantial 

differences between modern diet and lifestyle and those of our hunter-gatherer ancestors, termed 

evolutionary discordance, has been hypothesized to account for some of the dramatic increases in 

chronic disease over the past century (149).  Modeled after the diet of pre-agricultural hunter-

gatherer humans, the “Paleolithic diet” was estimated from anthropological evidence from fossils and 

extant hunter-gather groups (6).  The diet pattern is characterized as a predominantly plant-food 

based diet (with a wide diversity of fruits, nuts, and vegetables, including wild greens that contained 

high amounts of calcium and other minerals (6)) and includes lean meat, while being low in dairy, 

grains, sugar, and salt.  While several clinical studies reported beneficial effects of the Paleolithic diet 
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on cardiovascular and other metabolic risk biomarkers (157-162, 164, 166), few studies explored its 

association with chronic disease endpoints (214).   

A more commonly studied dietary pattern with many similarities to the Paleolithic diet is the 

Mediterranean diet (98, 99, 104-106, 111, 121-126, 128-137, 162, 214).  It has been strongly and 

consistently linked with health benefits (209), especially in relation to cardiovascular disease (104-106, 

129, 130, 145, 148). These apparent health benefits make the Mediterranean diet a model with which 

to compare the Paleolithic pattern.  The many similarities between the Mediterranean and Paleolithic 

diet patterns include a high consumption of fruits, vegetables, and nuts and little added sugar.  

However, the idealized Mediterranean diet pattern includes grains and moderate amounts of alcohol 

and dairy foods, whereas the Paleolithic diet includes none (105, 123, 148).  

We previously reported finding similar inverse associations of the Paleolithic and 

Mediterranean diet scores with incident, colorectal adenomas (214). Also, in a yet unpublished study, 

we found similar inverse associations of both scores with biomarkers of inflammation and oxidative 

balance.  Motivated partly by these results, and by the growing popularity of the “Paleolithic diet”, 

herein we report an investigation of associations of both the Paleolithic diet score and the 

Mediterranean diet score (as comparison), in relation to all-cause and cause-specific mortality 

endpoints.  This study was conducted using data from the Reasons for Geographic and Racial 

Differences in Stroke (REGARDS) study, a prospective cohort of 30,183 white and black adults 

from the Southeastern U.S.  

Methods 
Study population and data collection 

The study design and recruitment for REGARDS was described previously (196-200).  

Briefly, REGARDS is a prospective cohort study designed to investigate the causes of racial and 

geographic disparities in stroke.  The national cohort was constructed using oversampling from the 

US “stroke belt” and “stroke buckle” regions such that there was equal representation by sex and by 

white or African American ancestry.  From January 2003 to October 2007, 30,183 individuals ≥45 

years of age were enrolled.  Of these participants, 8,547 did not complete the food frequency 
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questionnaire at baseline, and an additional 213 were lost to follow-up and excluded from the present 

analyses, leaving an analytic cohort of 21,423 individuals.  The institutional review boards of all 

participating institutions reviewed and approved the study methods.  All participants involved in the 

present study gave written informed consent at the time of recruitment.   

Computer-assisted telephone interviews were conducted to collect demographic information 

and medical history, followed 3-4 weeks later by an in-home visit during which study staff collected 

blood and urine samples, measured blood pressure, and conducted an ECG, a medication audit, and 

anthropometry.  At the in-home visit, self-administered questionnaires, including a Block 98 Food 

Frequency Questionnaire (FFQ) that included 109 food and beverage items to assess habitual 

consumption of over the past year (201, 239, 240), were left with the participants to fill out and send 

back.  

Assessment of exposures 

 The Paleolithic and Mediterranean diet pattern scores were constructed as described 

previously (214).  Briefly, using the habitual food consumption information obtained at baseline, each 

study participant was assigned a quintile rank (a score from 1-5) based on the sex-specific distribution 

of intake for each food group included in the score.  As shown in Table 4.1, more points were 

awarded for higher intakes of foods considered characteristic of a diet pattern, and fewer points were 

awarded for higher intakes of foods considered uncharacteristic that pattern.  The points for each of 

the food groups comprising a diet score were then summed, so that the final Paleolithic diet score 

(14 components) could range from 14 to 70, while the Mediterranean diet score (11 components) 

could range from 11 to 55.  

Cohort follow-up 

 Study staff contacted cohort participants by phone every six months to ascertain any stroke 

events or deaths.  If a death occurred, the death certificate and any associated medical records for the 

28-day period prior to death were collected.  Possible deaths of participants who could not be 
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contacted, and thus considered lost to follow-up, were ascertained using the social security death 

index and/or the National Death Index.  

Causes of death 
 We defined cardiovascular disease mortality as death from a myocardial infarction, stroke, 

sudden death, heart failure, pulmonary embolism, other cardiac causes of death, and non-cardiac but 

other cardiovascular disease deaths.  Cause of death was adjudicated by a committee of physicians 

using information from death certificates, hospital records, and proxy interviews.  We defined cancer 

mortality as death attributed to any type of cancer.  We also created a category for all injuries or 

accidents, and a category that included all other deaths, most of which were due to respiratory illness, 

infection, liver disease, or kidney failure.  

Statistical analysis 

The characteristics of the study population at baseline, by quintile of each diet pattern score, 

were summarized and compared using chi-square tests for categorical variables and analysis of 

variance for continuous variables following a normal distribution, or the Kruskal-Wallis 

nonparametric test for continuous variables that did not follow a normal distribution.  Hazard ratios 

(HR) and 95% confidence intervals (CI) for mortality were estimated with Cox proportional-hazards 

regression models, with participants’ age as the underlying time scale (the results calculated using 

time on study after adjusting for age were similar to those using age as the underlying time scale).  We 

tested each exposure and potential covariate for the proportional hazards assumption using Log-Log 

Kaplan-Meier curves, goodness-of-fit tests, and extended Cox models.  

 Based on previous literature and biological plausibility, potential confounding variables 

considered included sex, race, body mass index (BMI), waist circumference, regular aspirin use, 

regular other nonsteroidal anti-inflammatory drug (NSAID) use, income, health insurance coverage, 

region of residence in the US, rural/urban classification, personal history of comorbidities such as 

cancer or diabetes, education, self-reported health, vitamin or mineral supplement use, and physical 

activity, all measured at baseline.  The criteria for inclusion in the final models included:  biological 

plausibility, statistical significance, and/or whether inclusion or exclusion of the variable from the 
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model changed the adjusted hazard ratios for the primary exposure variable by ≥10%.  The final 

multivariate-adjusted model controlled for sex, race (black/white), total energy intake (kcal, 

continuous), BMI (kg/m2, categorized by WHO criteria into underweight, normal, overweight, and 

obese), physical activity (0, 1-3, or 4+ exercise sessions on average per week), smoking (current, 

former, and never), annual income (refused, <$20,000, $20,000-$34,000, $35,000-$74,000, and 

>$75,000), and hormone replacement therapy use (in women).  

 To assess potential effect modification, separate analyses for all-cause mortality were 

conducted within categories of race (white/black), sex (male/female), age (≤65 yrs./>65 yrs.), self-

reported health at baseline (poor, fair/good, very good, excellent), BMI (underweight & 

normal/overweight & obese), length of follow-up (≤6.25 yrs./>6.25 yrs.), smoking status 

(never/former/current), and region of US (Southern US/Western, Midwest, and Eastern US), and 

alcohol drinking status (current drinkers/former and never drinkers).  

 We conducted several sensitivity analyses to assess the sensitivity of the observed 

associations to how we defined the scores.  We removed each food component from each a priori 

score one at a time to determine whether any one component overly influenced the observed 

associations.  Diet scores were also constructed using medians rather than quintiles for the food 

groups, using an alternative construction of the fat ratio variable (monounsaturated + 

polyunsaturated:saturated fats) in the Mediterranean diet score, and using sex- and race-specific cut-

points of food group consumption to create the final scores.  BMI was also excluded as a covariate in 

the models since it could be considered both a confounder and a mediator of the association of diet 

with mortality.  Last, we excluded deaths that occurred during the first 1-3 years of follow-up to 

assess the potential of diet at baseline being different from long-term usual dietary intakes because of 

pre-morbid health conditions.  We conducted all analyses using SAS statistical software (SAS version 

9.3, SAS Statistical Institute, Cary, NC).  Two-sided tests were considered statistically significant if 

p≤0.05. 
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Results 
Selected characteristics of the participants by diet score quintiles are presented in Table 4.2.  

Compared to those in the lowest quintile of the Paleolithic diet score, those in the highest quintile 

were, on average, three years older; more likely to be female, white, obese, or a non-smoker; more 

likely to exercise more frequently, regularly take aspirin, have a higher annual income, have health 

insurance, to have been previously diagnosed with cancer or diabetes, and, if a woman, more likely to 

currently take hormone replacement therapy; and, on average, to consume less total energy.  The 

distribution of baseline characteristics across Mediterranean diet score quintiles was similar to those 

for the Paleolithic diet, except that age and total energy intakes were generally similar across quintiles 

of the Mediterranean diet score, the proportion of men and women in each quintile were similar, and 

those in the upper quintile were less likely to reside in the Southern US or to have previously been 

diagnosed with cancer or diabetes.  The Paleolithic diet scores ranged from 21 to 65, while the 

Mediterranean diet scores ranged from 14 to 50.  These ranges did not differ appreciably by sex and 

were correlated (Pearson correlation coefficient = 0.66; despite the similar constructions of the 

scores, there were also differences, such as in scoring of grains, dairy, and alcohol, as described 

further above).  The percentages of the participants who were in the same or different quintiles for 

each quintile of the Paleolithic and Mediterranean diet scores are shown in Table 4.3.  Among those 

in the lowest and highest quintiles of the Paleolithic diet score, 55.5% and 50.0%, respectively, were 

in the corresponding quintile of the Mediterranean diet score.  Also, among those in each quintile of 

the Paleolithic diet score, there were persons who were in one of each of the quintiles of the 

Mediterranean diet score.  

 During the 11 years of follow-up (median, 6.25 years) 2,513 participants died.  Adjusting 

only for age, sex, race, and total energy intake, all-cause mortality among those in the upper relative 

to lower quintiles of the Paleolithic and Mediterranean diet scores, was 41% (95% CI 49% to 33%) 

and 52% (95% CI 59% to 44%) lower, respectively (Table 4.4).  After additional adjustment for 

potential confounders, particularly smoking status, the association of each score with all-cause 

mortality was somewhat attenuated (to 23% and 37% for those in the upper relative to the lowest 
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quintiles of the Paleolithic and Mediterranean diet scores, respectively) but the point estimates for the 

extreme quintile comparisons and the tests for trend remained statistically significant.  For each diet 

score, the findings for cardiovascular-specific, cancer-specific, and other non-injury/accident 

mortality, were similar to those for all-cause mortality.  The associations of the scores with 

injury/accident-specific mortality were essentially null. 

 The associations of the Paleolithic diet score with all-cause mortality stratified by various 

participant characteristics at baseline are summarized in Figure 4.1.  The associations comparing 

those in the upper with those in the lowest quintile differed minimally across the various strata.  One 

exception was that, among those who were never or former smokers the scores were inversely 

associated with mortality, but among current smokers they were directly associated.  Although the 

test for multiplicative interaction for this finding was statistically significant (p=0.04), the 95% CIs 

for the point estimates for the never and current smoker strata included 1.0. 

The associations of the Mediterranean diet score with all-cause mortality according to 

various participant characteristics are summarized in Figure 4.2.  The findings for those in the highest 

relative to those in the lowest quintile differed minimally across the various strata except that the 

inverse association tended to be stronger among women than among men (pinteraction = 0.06), and 

stronger among former drinkers than among current or never drinkers (pinteraction = 0.06).  Unlike the 

findings for the Paleolithic diet score, all of the estimated associations according to smoking status 

were inverse. 

 In sensitivity analyses, removal of most individual score components one at a time did not 

materially alter the estimated inverse associations.  However, for the Paleolithic diet score, removal of 

the nuts and the red and processed meats components attenuated the observed associations for all-

cause mortality for those in the fifth relative to those in the first quintile by 15.6% and 14.3%, 

respectively, to HR 0.89 (95% CI 0.77, 1.02; Ptrend=0.04) and HR 0.88 (95% CI 0.76, 1.02; 

Ptrend<0.01), respectively.  Removal of nuts and red and processed meats from the Mediterranean diet 

score also attenuated the observed associations, but more modestly, by 9.5% and 6.3%, respectively.  
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Modifying the construction of the scores by using the medians rather than the quintiles of intake for 

each food group, using sex-and race-specific quintile cut points, or for the Mediterranean diet using 

an alternative fat ratio variable did not materially alter the observed associations.  Finally, excluding 

persons with chronic diseases at baseline, including baseline chronic diseases in the models, removing 

BMI from the models, or excluding those who died during the first 1-3 years of follow-up did not 

materially affect the estimated associations. 

Discussion 
Our results suggest that diets that are more “Paleolithic-” or Mediterranean-like may be associated 

with lower risk of all-cause, cardiovascular-specific, cancer-specific, and other non-injury/accident-

specific mortality, although the observed inverse associations were slightly stronger for the 

Mediterranean diet pattern.  As expected, neither diet pattern was associated with injury/accident-

specific mortality, although the number of deaths in this category was small.  To our knowledge, the 

current study is the first to examine the association of a Paleolithic diet pattern with all-cause or 

cause-specific mortality.   

The Paleolithic and Mediterranean diets may reduce the risk of chronic disease mortality by 

several potential mechanisms.  The foods that characterize both diets, including high intakes of fruits, 

vegetables, fish, and nuts, are associated with lower inflammation and less oxidative stress, 

biochemical processes that are associated with cardiovascular disease and cancer (42, 209).  Also, the 

Paleolithic and Mediterranean diets, relative to the Western diet (241), feature more low energy-dense 

foods, thereby facilitating energy balance and weight management.  Indeed, in previous pilot trials it 

was found that participants on a Paleolithic-like diet relative to a standard diet reported greater satiety 

(66, 48) and had a greater release of anorectic gut hormone (164).  Adiposity is associated with higher 

systemic inflammation and oxidative stress, and may influence chronic disease risk by other, 

independent mechanisms (12, 20).  Therefore, one mechanism by which the Paleolithic and 

Mediterranean diets may reduce mortality is through energy balance.  To address this, in the present 

study, we included BMI in the models for our primary analyses as a potential confounder, but 

assessed excluding it in our sensitivity analyses since it could also be a mediator of the associations.  
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Inclusion/exclusion of BMI from the models had no material impact on the estimated associations, 

suggesting that the possible effects of the Paleolithic and Mediterranean diets on chronic disease 

mortality may indeed include mechanisms beyond improving energy balance, such as reducing 

inflammation and improving oxidative balance. 

There have been few reported studies on the health effects of following a Paleolithic diet 

pattern.  Reported studies include seven small pilot trials and one slightly larger long-term weight loss 

trial (157-162, 164).  Most of the pilot trials examined the effects of the diet on cardiovascular and 

glycemic control biomarkers, including HbA1c, plasma insulin, and serum lipids as well as on satiety; 

in general, all reported improved values/effects (160-162, 164), although only four of the trials had a 

control group.  A larger study (n = 70) of the effects of a Paleolithic diet on long-term weight loss in 

post-menopausal women found a statistically significant weight loss at 6 months relative to those in 

the control group, but this difference became attenuated and was no longer statistically significant 

after 24 months (166).  

The Mediterranean diet has been associated with lower mortality (242) and greater longevity, 

mainly through lower risk for cardiovascular disease (130, 144, 145, 148, 243-246) and possibly 

cancer (134).  There have been several trials of a Mediterranean diet to improve health and prevent 

cardiovascular disease.  The Lyon Diet Heart study (145) randomized 605 free-living individuals who 

previously had had a recent myocardial infarction to receive either dietary advice to follow a 

Mediterranean-type diet or standard care, which included the general recommendation to follow a 

“prudent diet” for the secondary prevention of myocardial infarction.  After a mean follow-up of 46 

months, 275 recurrent nonfatal and fatal cardiac events occurred—14 in the Mediterranean diet 

group and 44 in the control group (RR 0.28 95% CI 0.15, 0.53) (145).  Also, a second, larger trial 

(n=7,447) of the Mediterranean diet for cardiovascular disease primary prevention, PREDIMED, 

found reduced cardiovascular disease risk in the two study intervention arms, which included 

following a Mediterranean diet and supplying participants with either nuts or olive oil, relative to a 
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low fat diet arm (288 events; HR 0.70; 95% CI 0.54, 0.92) (148).  The results of the current study 

support these previously reported findings. 

Contrary to expectations, we found that, although the Paleolithic diet was inversely 

associated with all-cause mortality among those who were not current smokers at baseline, it was 

directly associated among those who were current smokers.  Although the test for multiplicative 

interaction was statistically significant, there were multiple comparisons, the point estimates for 

current smokers and former smokers were not statistically significant, and the biological plausibility is 

unclear.   

While our findings support our hypothesis that multiple aspects of diet, via multiple 

mechanisms, collectively affect risk for chronic diseases more strongly than does any single aspect of 

diet, we do note that we found that consumption of nuts and red and processed meats more strongly 

contributed to the associations of the scores, especially the Paleolithic diet score, with mortality than 

did other individual components of the scores.  Further investigation of the components of the score 

in relation to the overall score in other cohorts is needed. 

This study has several strengths and limitations.  Strengths include that is the first 

investigation of associations of a Paleolithic-like diet pattern with all-cause or cause-specific 

mortality, its prospective design, and the diverse study population.  For most cases, cause of death 

reported on the death certificate was confirmed using medical records.  The Paleolithic and 

Mediterranean diet patterns were constructed using similar methods so that differences in the 

observed diet-mortality associations between the two diets would be attributable to differences in the 

underlying diet patterns rather than the score construction methods.  Limitations include the 

potential for residual confounding from insufficiently characterized or unmeasured aspects of a 

healthy lifestyle.  However, although the number deaths due to injuries/accidents was small, as was 

hypothesized, there were no indications that the diets were associated with injury/accident-specific 

mortality, suggesting that our findings for all-cause, cardiovascular-specific, cancer-specific, and other 

non-injury/accident-specific mortality were plausibly related to the aggregate of the biological 
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mechanisms of the diets.  In addition, it is unlikely that few, if any, of the participants’ diets were 

strongly concordant with either pattern, likely resulting in underestimating the potential of strong 

adherence to the diets for reducing risk for chronic disease mortality.  Although the use of self-

reported food frequency questionnaires in prospective cohort studies is well established, there are 

known limitations in using them, such as the limited number of specific food items included, limited 

differentiation of important variants of certain major foods (e.g., high- vs. low-fat red meat), limited 

information on food cooking methods, and recall error.  Finally, while cause-specific mortality is 

subject to competing risks, all-cause mortality is not, and the consistency of our findings across both 

types of outcomes lends support to the validity of the cause-specific associations.  

In conclusion, our findings, taken together with those from previous studies, suggest that 

diets that are more Paleolithic- or Mediterranean-like may be associated with lower risk of all-cause, 

cardiovascular-specific, cancer-specific, and other non-injury/accident-specific mortality. 
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Table 4.1.  Paleolithic and Mediterranean diet score constituents and point assignmentsa  
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Table 4.2.  Selected characteristics of participants at baseline (N=21,423); REGARDS.  
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Table 4.3.  For each quintile of the Paleolithic diet score, the number and percentages of study 
participants who were in the same and different quintiles of the Mediterranean diet score; 
REGARDS.  

 

Paleolithic diet score quintile 

1 2 3 4 5 

M
ed

it
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n
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n
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t 
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 q
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1 
2,816 

(55.5%) 
963 (25.8%) 664 (16.1%) 321 (6.9%) 73 (1.9%) 

2 
1,321 

(26.0%) 
1,194 

(32.0%) 
1,062 

(25.7%) 
749 

(16.1%) 
239 (6.3%) 

3  664 (13.1%) 923 (24.8%) 
1,181 

(28.6%) 
1,237 

(26.5%) 
636 (16.7%) 

4 230 (4.5%) 493 (13.2%) 797 (19.3%) 
1,268 

(27.2%) 
963 (25.2%) 

5 42 (0.8%) 155 (4.2%) 433 (10.5%) 
1,091 

(23.4%) 
1,908 

(50.0%) 

  5,073 (100%) 
3,728 

(100%) 
4,137 

(100%) 
4,666 

(100%) 
3,819 

(100%) 
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Table 4.4.  Associations of Paleolithic and Mediterranean diet scores with total and cause-specific 
mortality (N=21,423); REGARDS.  
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Figure 4.1.  Associations of the Paleolithic diet score with all-cause mortalitya, according to selected participant 
characteristics at baseline (N=21,423); REGARDS.  

 
Abbreviations:  BMI, body mass index; HR, hazard ratio; LN, natural logarithm; 95% CI, 95% 
confidence interval. 
a From Cox model; only the comparison of the 5th relative to the 1st quintile of each diet score 
with all-cause mortality is shown; model covariates included sex, race (black/white), total energy 
intake (kcal), body mass index (kg/m2, categorized by WHO criteria into underweight, normal, 
overweight, and obese), physical activity (0, 1-3, or 4+ exercise sessions per week), smoking 
(current, former, never), annual income (refused, <$20,000, $20,000-$34,000, $35,000-$74,000, 
>$75,000 per year), and hormone replacement therapy use (in women) at baseline in an age-as-
time-scale.  
b P for trend calculated by assigning median of each diet score quintile to each quintile, and 
treating this quintile exposure as continuous. 
c Comorbidities include history of any cancer, kidney failure, type II diabetes, stent, heart surgery, 
aneurysm, or myocardial infarction.
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Figure 4.2.  Associations of the Mediterranean diet score with all-cause mortalitya, according to selected participant 
characteristics at baseline (N=21,423); REGARDS. 

 
Abbreviations:  BMI, body mass index; HR, hazard ratio; LN, natural logarithm; 95% CI, 95% 
confidence interval.  
a From Cox model; only the comparison of the 5th relative to the 1st quintile of each diet score 
with all-cause mortality is shown; model covariates included sex, race (black/white), total energy 
intake (kcal), body mass index (kg/m2, categorized by WHO criteria into underweight, normal, 
overweight, and obese), physical activity (0, 1-3, or 4+ exercise sessions per week), smoking 
(current, former, never), annual income (refused, <$20,000, $20,000-$34,000, $35,000-$74,000, 
>$75,000 per year), and hormone replacement therapy use (in women) at baseline in an age-as-
time-scale.  
b P for trend calculated by assigning median of each diet score quintile to each quintile, and 
treating this quintile exposure as continuous. 
c Comorbidities include history of any cancer, kidney failure, type II diabetes, stent, heart surgery, 
aneurysm, or myocardial infarction.  
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Conclusions and Public Health Implications 
The goal for my dissertation was to 1) develop a Paleolithic diet pattern score; 2) investigate 

its associations with biomarkers of inflammation and oxidative balance, colorectal adenomas, and all-

cause and cause-specific mortality; and 3) compare the observed associations to those from parallel 

analyses for a Mediterranean diet pattern score. 

In the first dissertation project, a pooled cross-sectional study of an elective outpatient 

population, we found that higher Paleolithic or Mediterranean diet pattern scores were similarly 

inversely associated with serum CRP and F2-isoprostane levels (Study #1).  In the second dissertation 

project, based on data from a case-control study of colorectal polyps, we found that higher 

Paleolithic or Mediterranean diet pattern scores were inversely associated with colorectal adenoma.  

Our findings also suggested that these inverse associations may be stronger among persons with 

higher inflammation or oxidative stress levels (Study #2).  For my third dissertation project I 

analyzed data from a large national prospective cohort study, Reasons for Geographic and Racial 

Differences in Stroke (REGARDS) to investigate associations of the Paleolithic or Mediterranean 

diet pattern scores with all-cause and cause-specific mortality.  We found that overall, higher 

Paleolithic or Mediterranean diet pattern scores were similarly associated with lower all-cause 

mortality.  The findings for all-cancer and all-cardiovascular disease mortality were similar to those 

for all-cause mortality.  As we hypothesized, neither diet score was associated with mortality due to 

injuries or accidents, suggesting that our findings for all-cause, cardiovascular, cancer, and other non-

injury/accident mortality were plausibly related to the underlying biological mechanisms of the diets 

(Study #3).  

 Overall, the results of this dissertation support my hypothesis that a Paleolithic diet pattern 

is associated with a lower risk of cardiovascular disease or cancer.  The diet score was inversely 

associated with biomarkers of two of the hypothesized biological mechanisms (inflammation, 

oxidative stress) by which diet modulates chronic disease risk.  It was also inversely associated with a 

known pre-malignant neoplasm, colorectal adenomas, and all-cause and cause-specific mortality. 
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Furthermore, we repeated the analysis with another similarly constructed diet score, the 

Mediterranean diet pattern score, to assess the relative strengths of the observed associations for the 

two diet patterns.  The Mediterranean diet pattern has been extensively in other studies, which 

generally found inverse associations of the diet with biomarkers of inflammation and oxidative 

balance, risk of various cancers, and risk of mortality.  The results of randomized diet trials of the 

diet pattern support these observational findings.  The associations of the Paleolithic and the 

Mediterranean diet scores with the biomarkers of inflammation and oxidative stress and with 

colorectal adenoma were virtually indistinguishable.  The associations of the two diet scores with 

mortality were also similarly inverse, although those for the Mediterranean diet tended to be a little 

stronger. 

Taken together, the results from this dissertation suggest that Paleolithic- or Mediterranean-

like diet patterns may be inversely associated with risk for chronic diseases such as cardiovascular 

disease or cancer.  

FUTURE DIRECTIONS 

In the three studies included in this dissertation, the Paleolithic and Mediterranean diet 

pattern scores were similarly inversely associated with biomarkers of inflammation and oxidative 

balance, risk of colorectal adenomas, and all-cause and cause-specific mortality.  The Mediterranean 

diet pattern has been extensively studied for associations with a variety of chronic diseases in many 

populations, and provided support for several successful randomized diet trials.  In order to follow 

the Mediterranean diet pattern example, the Paleolithic diet pattern’s associations with other chronic 

diseases in other populations still needs to be assessed.   

Researchers can also examine the Paleolithic diet in randomized trials to assess the risk of 

chronic diseases.  Currently, there have been few, mostly small pilot trials of a Paleolithic diet and 

their effect on blood pressure, dyslipidemia, glucose control, and weight loss (157-162, 164, 166).  

While large-scale diet trials are expensive, particularly when the outcome of interest is the 
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development of a chronic disease, there several short-term endpoints that can be used to provide 

evidence for possible beneficial effects of the Paleolithic diet.  

Based on the results of my dissertation, I propose to test, in a pilot, randomized controlled 

trial, the effects of a Paleolithic diet and a Mediterranean diet relative to a healthy control diet and to 

each other on tissue and systemic biomarkers of risk for colorectal neoplasms and other chronic 

diseases in patients who have had a prior colorectal adenoma.  The biomarkers will be measured in 

biopsies of normal-appearing colorectal mucosa and in blood and urine samples.  Biomarkers of risk 

for colorectal neoplasms will include 1) tissue markers of inflammation and oxidative stress, markers 

of the major colon carcinogenesis pathways, cell cycle markers, autocrine-paracrine growth factors, 

and others; and 2) systemic markers of inflammation and oxidative balance (there will be a more 

extensive set of markers than I investigated in my dissertation in order to provide a more 

comprehensive profile of inflammation and oxidative stress).  Biomarkers of risk for other chronic 

diseases will include lipid panels and other cardiometabolic markers.  In this pilot trial, we would be 

able to assess directly the relative strengths of the Paleolithic diet and Mediterranean diets, and more 

definitely assess potential lifestyle, and genetic modifiers of the diet effects.  
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