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Industry Summary: The Mediterranean-style eating pattern (Med Pattern) is consistently associated with decreased chronic disease risk (1-3) with emerging evidence suggesting improved quality of life (4-6) and sleep (7).  A Med Pattern is characterized by relatively high consumption of fruits, vegetables, whole-grains, nuts/seeds, and olive oil, moderate consumption of poultry, fish, and dairy, and is restricted in red meat (8, 9). Red meat can be incorporated into other heart healthy eating patterns, such as a DASH-style, to improve cardiometabolic disease risk profiles as effectively as other animal protein sources (10-12) but there is a paucity of data regarding the inclusion of red meat in a Med Pattern. Additionally, little is known about how consuming red meat in heart healthy eating patterns can influence quality of life and measures of sleep. Therefore, the purpose of this study was to assess the effects of consuming 18 oz vs 6 oz per week of lean unprocessed beef and pork in the context of a Med Pattern on cardiometabolic disease risk factors, perceived quality of life, and subjective and objective measures of sleep. 
During the first week, participants consumed their normal eating pattern and baseline measurements of blood pressure, body composition (weight, % body fat), fasting blood glucose, insulin, and lipid profiles, habitual food intake, perceived quality of life, perceived quality of sleep, and activity levels during sleep were collected. Participants were then randomly assigned to consume a Med Pattern either rich or restricted in lean unprocessed red meat (6 vs 18 oz of beef/pork per week, respectively) for the next 5 weeks. Measurements mentioned previously were made again during the last week of the Med Pattern intervention to evaluate changes in these outcomes. Participants were counseled to return to their normal eating pattern for a 4 week “wash-out” period and then repeated the process with consumption of the alternate Med Pattern. Participants were advised to maintain similar body weight throughout the entire study and all foods/beverages were prepared and provided to the participants during the Med Pattern feeding periods. 
Forty-one participants (13 men and 28 women with an average age of 46 years) completed the 16-week feeding trial. Subjects were overweight/obese but were at relatively low risk of developing cardiometabolic disease. Participants reported consuming upwards of 95% of the provided Med Pattern food items. Blood pressure parameters improved from consuming a Med Pattern, regardless of the amount of red meat included. Blood lipoproteins (total cholesterol, LDL cholesterol, and HDL cholesterol) decreased from consuming a Med Pattern but greater reductions in total and LDL cholesterol occurred during consumption of a Med Pattern which included daily servings of lean unprocessed red meat. Additionally, adoption of a Med Pattern improved perceived quality of life and subjective sleep quality, regardless of the amount of red meat consumed. 
The results of this study indicate that lean unprocessed beef and pork can be incorporated into a Med Pattern to improve cardiometabolic disease risk factors and perceived quality of life and subjective sleep quality. More research is needed to conclude about the effects of consuming red meat in a Med Pattern on objective measures of sleep. For additional information contact Wayne W. Campbell, PhD, Professor, Department of Nutrition Science, Purdue University, 765-494-8236, campbeww@purdue.edu.
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Scientific Abstract:
Background: A Mediterranean-Style Eating Pattern (Med Pattern) is associated with decreased risk of chronic disease and improved quality of life. Among the Med Pattern guidelines, it is suggested to limit red meat consumption. 
Objective: This study assessed the effects of including higher amounts of unprocessed lean red meat in a Med Pattern on cardiometabolic disease (CMD) risk factors and emotional well-being including perceived quality of life and indexes of sleep. Based on previous randomized controlled feeding studies using healthy eating patterns, we hypothesized that consuming higher amounts of red meat would not influence Med Pattern-induced improvements in CMD risk factors and emotional well-being. 
Materials & Methods: In a randomized investigator-blinded crossover study, 41 participants (aged 46±2 y, BMI 30.5±0.6 kg/m2) who were not already following a healthy eating pattern consumed a weight-maintenance Med Pattern for two 5-wk periods separated by a 4-wk washout period. The Med Patterns were either rich or restricted in lean unprocessed red meat (6 or 18 oz of beef/pork per week, respectively). Both diets contained 20/40/40% of total energy from protein/carbohydrate/fat, respectively, with a fatty acid ratio of 22/11/7% of total energy from monounsaturated/polyunsaturated/saturated fats, respectively. At baseline and during the last week of each intervention fasting blood pressure (BP), blood lipids and lipoproteins, glucose, and insulin were measured. Additionally, subjects wore an ambulatory BP monitor for 24 hours, a wrist-worm actiwatch for 4 days, and completed subjective questionnaires about perceived quality of life (SF-36) and indexes of sleep (Pittsburgh Sleep Quality Index), and daily mood (Profile of Mood States; POMS). Data were analyzed by a doubly repeated measures ANOVA adjusted for age, body mass, and sex using Tukey-Kramer adjusted p values (p<0.05). Data are presented as LS means and SEM. 
CMD risk factor results: Consumption of a Med Pattern decreased BP parameters over time, except during sleep, and inclusion of higher amounts of unprocessed lean red meat did not influence these improvements (~3-6 and ~3-5 mmHg reduction for systolic and diastolic BPs, respectively). Consumption of a Med Pattern decreased all lipoprotein concentrations over time but greater reductions in total cholesterol (TC), LDL, and ApoB occurred with consumption of the Med Pattern higher in red meat [TC: -17 ± 4 and -9 ± 4 (time*diet p=0.029), LDL: -11 ± 4 and -3 ± 3 (time*diet p=0.023), -0.1   ±  0.0 vs 0.0  ±  0.0 mg/dL (time*diet p=0.041) for Med Pattern rich and restricted in red meat, respectively]. Fasting glucose and insulin did not change throughout the study. 
Emotional well-being results: Consumption of a Med Pattern improved physical role, vitality, and subjective sleep quality, regardless of the amount of red meat consumed. No changes in daily mood occurred throughout the study, as indicated the POMS scores. 
Conclusion: Consumption of a Mediterranean-style eating pattern positively influenced cardiometabolic disease risk factors and perceived quality of life and indexes of sleep which were not blunted by the inclusion of a daily serving of lean unprocessed red meat.


Introduction (from original grant proposal)
A Mediterranean-Style Eating Pattern (Med Pattern) is characterized by relatively high consumption of fruits, vegetables, whole-grains, nuts/seeds, and olive oil, moderate consumption of poultry and fish, and is restricted in red meat, sweets, and fatty dairy products (8, 9). A Med Pattern is rigorously investigated is consistently associated with decreased chronic disease risk (1-3). Emerging data also suggest that greater adherence to this dietary pattern may improve physical and emotional wellness, including decreased risk of cognitive impairment and depression (4) and improvements in perceived vitality (5, 6), general health, physical function, emotional well-being, self-perception of health (6), and sleep quality (7).  
Many healthy dietary patterns, including a Med Pattern, recommend limiting consumption of red meat based on concerns regarding saturated fat and sodium content (especially in processed meat) (8, 13, 14) and a positive correlation between consumption of red meat and all-cause mortality (15), cardiovascular disease (16), and cancer (17-19). However, the extent of processing appears to have a significant modulating effect on these relationships. Unprocessed cuts of red meat demonstrate a lesser or no significant relationship with chronic disease risk (15, 20). Data from randomized controlled trials support these findings and suggest that substitution of lean, unprocessed red meat for poultry and/or fish in a healthy dietary pattern does not negatively affect its expected health promoting properties (21-23). In particular, data from our laboratory demonstrate that the inclusion of lean unprocessed pork in a Dietary Approaches to Stop Hypertension (DASH)-style eating pattern leads to reductions in systolic and diastolic blood pressures, total cholesterol (TC), and low-density lipoprotein (LDL) cholesterol that were similar to a DASH-style eating pattern that was restricted in red meat (NPB Project # 11-154 (12)). Results from another study incorporating lean beef into a DASH-style eating pattern (Beef in an Optimal Lean Diet; BOLD) revealed similar beneficial effects on cardiovascular disease risk factors including decreases in TC, LDL (21), systolic blood pressure, and arterial stiffness (22). Collectively, these findings cast doubt upon the common recommendation and practice of limiting or excluding lean red meat from an otherwise heathy dietary pattern such as a DASH-style or Med Pattern. 
Scientifically rigorous evidence is needed to know whether consuming greater amounts of unprocessed lean red meat in a Med Pattern would impact the expected improvements in cardiometabolic health. Further, dietary effects on self-perception of health and emotional wellness are poorly understood and represent a novel avenue to investigating the health effects of lean red meat. The purpose of the proposed research study was to assess the effects of including greater amounts of lean unprocessed red meat (pork and beef) into a Med Pattern on cardiometabolic and emotional well-being.

Objectives (from original proposal)
Specific Aim 1: To investigate the effects of consuming a Med Pattern that is rich or restricted in red meat (pork and beef) on cardiometabolic well-being.
Hypothesis 1: Consumption of a Med Pattern will result in improvements in cardiometabolic well-being including blood pressures, fasting serum lipid profile, glucose, and insulin. The inclusion or restriction of red meat in the Mediterranean Diet will not influence these improvements. 
Specific Aim 2: To investigate the effects of consuming a Med Pattern that is rich or restricted in red meat (pork and beef) on emotional well-being.
Hypothesis 2: Consumption of a Med Pattern will result in improvements in emotional well-being including perceived energy/fatigue, physical function, general health, and sleep quality. The inclusion or restriction of red meat in the Med Pattern will not influence these improvements.
Materials & Methods:
Experimental design: 
The purpose of this study was to assess the effects of including higher amounts of unprocessed red meat in a Med Pattern on cardiometabolic disease risk factors and emotional well-being. This study was a 16-wk randomized, crossover, investigator-blinded, completely controlled feeding study. Participants consumed a weight maintenance Med Pattern for two 5-week interventions separated by a washout period of at least 4 weeks during which the subjects resumed their habitual unrestricted eating patterns. The Med Patterns were either rich or restricted in unprocessed red meat (18 oz [Med-rich] vs 6 oz [Med-Restricted] of lean unprocessed beef/pork per week, respectively). Dietary intake, body mass and composition, CMD risk factors (i.e. blood pressures, blood lipids and lipoproteins, markers of glycemic control, and inflammatory markers), and emotional well-being (perceived quality of life and sleep and objective measures of sleep) were measured at both baselines and during the last week of each Med Pattern intervention. See Figure 1 for study schematic.
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*Dietary intake, body mass and composition, and cardiometabolic disease risk profiles (blood pressures, blood lipids and lipoproteins, markers of glycemic control, and markers of inflammation) were assessed at each time point.



The study protocol and all study documents were approved by the Purdue University Biomedical Institutional Review Board (IRB protocol # 1501015662). All participants provided written informed consent and received a monetary stipend. The study was conducted July 2015-December 2016 and was registered at clinicaltrials.gov as NCT02573129.
Participants: 
Overweight and obese (BMI 25-37 kg/m2) men and women between the ages of 30-69 years old who were not already following a Med pattern, as indicated by a score <5 on the 14-item Mediterranean Diet Assessment Tool (24), were recruited from the Greater Lafayette, IN area. Participant inclusion criteria were total cholesterol <6.7 mmol/L, low-density lipoprotein <4.1 mmol/L, triglycerides <4.5 mmol/L, fasting glucose <6.1 mmol/L, systolic blood pressure <160 mmHg, diastolic blood pressure <100 mmHg, body weight <140 kg, no acute illness, non-smokers, normal liver and kidney function, and non-diabetic. For at least 3 months prior to starting the study participants were required to be weight stable (±4.5 kg), have consistent physical activity levels, and stable medication usage. Individuals taking lipid-lowering medications and/or blood pressure medications were not excluded from the study as long as they took the medication consistently for 6 months prior and during the study. A physician reviewed each individuals’ screening measurements to ensure that they met the study inclusion criteria and approved them for participation.
Dietary intervention:
Participants consumed their habitual unrestricted eating patterns during both baseline testing weeks and the washout period. During the two Med Pattern interventions, all foods were prepared and provided to participants by the NIH supported Indiana Clinical Research Center Bionutrition Facility at Purdue University. Participants completed daily menu check-off lists to track self-reported deviations from the Med Patterns and returned them to study staff during weekly meetings. Dietary intake and compliance were measured from three of the menu check-off lists during the last week of each Med Pattern intervention to compare to the three days of food records at each baseline. Participants weighed-in weekly to monitor weight maintenance. 
Menus were developed using Pronutra software (Viocare, Inc. Princeton, NJ) and followed the PREDIMED protocol to meet the requirements of a Med Pattern (25). Targeted macronutrient 40% total energy as carbohydrate, 20% protein, and 40% fat. Saturated fat was targeted at 8% total energy, while monounsaturated fat 20% total energy.  Micronutrient intakes were documented and controlled between both diet interventions, however not controlled at specific levels. Each subject’s energy requirement was estimated using sex-specific equations published by the Institute of Medicine. The control Med Pattern (Med-Restricted) contained two 3 ounce portions of red meat per week (6 oz/wk) and the Med Pattern rich in red meat (Med-Rich) contained one 3 ounce portion, 6 days per week (18 oz/wk). The Med-Restricted also contained 18 oz/week of poultry, 15 oz/week of seafood, and 3 oz. equivalents of eggs. In the Med-Rich, the diet will include 6 oz/week of poultry, 15 oz/week of seafood, and 3 oz. equivalent of eggs.  



OUTCOMES
	Table 1. Data report

	Variable
	Entry status
	Accuracy check
	Statistical analysis 

	Dietary intake
	Completed
	Completed
	Completed

	Body mass and composition
	Completed
	Completed
	Completed

	Cardiometabolic disease risk factors
	Completed
	Completed
	Completed

	Clinical blood pressure
	Completed
	Completed
	Completed

	24-h ambulatory blood pressure
	Completed
	Completed
	Completed

	Fasting lipid panel
	Completed
	Completed
	Completed

	Fasting glucose
	Completed
	Completed
	Completed

	Fasting insulin
	Completed
	Completed
	Completed

	C-reactive protein
	Completed
	Completed
	Completed

	Emotional well-being
	Completed
	Completed
	Completed

	MOS SF-36v2 questionnaire
	Completed
	Completed
	Completed

	Profile Of Mood States 
	Completed
	Completed
	Completed

	Pittsburgh Sleep Quality Index
	Completed
	Completed
	Completed

	Actigraphy
	Completed
	Completed
	Completed



Body mass and composition:
Body mass and composition (% body fat and fat-free mass) were measured during both baseline testing periods and during the last week of each Med Pattern intervention via the BOD POD Gold Standard Body Composition Tracking System (COSMED USA, Inc., Concord, CA).
Cardiometabolic disease risk factors:
Cardiometabolic disease risk factors measurements were measured during both baseline testing periods and during the last week of each Med Pattern intervention. 	Fasting clinical blood pressures were measured in a quiet dimly lit room. Measurements were taken after participants sat upright for 15 minutes of rest then in a supine position after an additional five minutes of rest (HEM-780, Omron Healthcare, Inc.). Two measurements were taken in each position (a third measurement was taken if the values differed by ≥3 mmHg) and were averaged. Additionally, participants wore an ambulatory blood pressure monitor for 48 hours (Oscar2, Suntech Medical, Inc.). Blood pressure measurements were taken at 30 minute intervals during the day (0800-2100) and 90 minute intervals during the night (2100-0800). Data were excluded from analysis if >20% of scheduled measurements were invalid. 
Fasting blood samples were collected from an antecubital vein into serum separator tubes and centrifuged for 15 minutes at 4400 rpm and 4ºC. Fresh serum was then analyzed by Mid America Clinical Laboratories (Indianapolis, IN) for glucose, total cholesterol, HDL cholesterol, and triglycerides via enzymatic colorimetry using oxidase methods on a COBAS Integra 400 Plus Analyzer (Roche Diagnostics Ltd.). LDL cholesterol was calculated using the following equation: LDL cholesterol= total cholesterol – [HDL + (triglycerides ÷ 5)]. The remaining serum was aliquoted and stored at -80ºC for the duration of the study and thawed for insulin, apolipoprotein B, and C-reactive protein analyses once all participants completed both Med Pattern interventions. Fasted serum C-reactive protein and apolipoprotein B were analyzed by enzymatic colorimetry via oxidase methods on a COBAS Integra 400 Plus analyzer (Roche Diagnostics Ltd.). Fasting serum insulin was analyzed by an electrochemiluminescence immunoassay on COBAS e411 analyzer (Roche Diagnostics Ltd.).
Emotional well-being:
The MOS SF-36v2 questionnaire (26, 27) was used to document perceived physical and emotional well-being including physical function, role limitations due to physical health, bodily pain, general health, vitality, social functioning, role limitations due to emotional health, and mental health. Additionally, the Profile of Mood States (POMS) (28) questionnaire was filled out every waking hour for three days. The questionnaire assesses 38 mood states on a 5-point Likert scale graded 0-5 au to obtain a 3-day mean score for the following categories: total mood, tension/anxiety, depression/dejection, anger/hostility, fatigue/interia (including bushed), fatigue/inertia (excluding bushed), confusion/bewilderment, and bushed.
Indexes of sleep:
Subjective sleep indexes were measured via the Pittsburg Sleep Quality Index (PSQI) (29, 30) which is designed to assess the preceding 4 weeks of sleep behaviors. The questionnaire consists of 19 questions which are then scored into 7 variables: sleep duration, sleep disturbance, sleep latency, daytime dysfunction, sleep efficiency, subjective sleep quality, and sleeping medication usage. Each variable is scored between 0-3 arbitrary units (au) for a total global sleep score (GSS) up to 21 au. A higher GSS indicates poorer sleep; an individual with a GSS <5 is classified as a “good sleeper”. 
Wrist-worn activity monitor (Actiwatch 2, Phillips Respironics, USA) measurements were taken at 30 second intervals for 4 weekdays and weeknights. Participants were asked to press the indicator button on the Actiwatch 2 to indicate when they went to bed and when they woke up. They also recorded their bed and wake times in a sleep log. The actigraphs were scored using the manufacturer’s algorithm set a medium sensitivity with the rest intervals set manually based on 1) when the indicator button was pressed, 2) the bed and wake time recorded in their sleep log, and 3) the default set by the algorithm. Actigaph sleep variables assessed include bedtime, rise time, rest interval duration, onset latency, snooze time, efficiency, wake time during sleep interval, wake bouts during sleep interval, sleep time, percent sleep, and the variability among each of these variables. Documented naps were included in the rest interval duration, wake time during sleep interval, sleep time, and the respected variabilities only.
Power calculations and statistical analysis:
Power calculations (G*Power version 3.1.9.2, Heinrich-Heine-Universität Düsseldorf, Germany) indicated that 40 subjects provided >95% power to detect changes in blood pressure and fasting total cholesterol as achieved in a similar randomized crossover trial assessing the effects of consuming lean unprocessed pork vs. lean chicken and fish in a Dietary Approaches to Stop Hypertension eating pattern (12). Additionally, 40 subjects provided > 90% power to detect changes in perceived vitality that are similar to those observed by Skoldstam et al (5). While we hypothesized that the inclusion of unprocessed red meat will not influence changes in these variables, 40 subjects provided >85% power to detect a differential response between Med Pattern interventions that is equal to half of the standard deviation of the response (effect size = 0.5).
Data from the 41 participants who completed both Med Pattern interventions were analyzed via an a priori doubly repeated measures ANOVA using the PROC MIXED command in SAS version 9.4 (SAS Institute, NC, USA). This analysis measured the main effects of time (baseline compared to post measurements), diet (via diet*time interaction; Med-Rich compared to Med-Restricted), changes over time within each diet, comparison of Med-Rich and Med-Restricted post measurements (diet*time sliced by time), comparison of Med-Rich and Med-Restricted pre measurements (diet*time sliced by time), and a comparison of baseline 1 and baseline 2 measurements (trial*time interaction sliced by time) to determine an effective washout period. All variables were controlled for age, sex, and changes in body mass while body mass and composition were controlled for age and sex. Data are presented as adjusted least squares means and p values are Tukey-Kramer adjusted (p<0.05). 
Results:
Subject characteristics: 
Of the 261 individuals who contacted the study coordinator, 69 completed eligibility screening after providing informed consent (see Figure 2). Nine screeners did not meet study inclusion criteria and ten screeners decided not to participate. Fifty individuals were randomized into the study but nine dropped out during the first Med Pattern intervention because they were unable to comply with the diet (n=4), had reoccurring schedule conflicts (n=3), or experienced unanticipated health status changes that were unrelated to the study (n=2). Therefore, 41 participants (28 females and 13 males) completed both Med Pattern interventions. Participants were obese with a mean age of 30 years. Mean baseline 1 values for fasting blood pressures, total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, glucose, and insulin were within normal reference ranges, as shown in Table 2. 


Figure 2: Participant recruitment261 individuals contacted study coordinator
50 participants completed pre-intervention 1 testing week and randomized into study
(35 females, 15 males)
4 participants were unable to comply with the diet 
(3 females, 1 male)
3 participants had reoccurring schedule conflicts
 (2 females, 1 male)
2 participants had unanticipated health status changes unrelated to study protocol
 (2 females, 0 males)
69 individuals completed screening
(46 females, 23 males)
41 participants completed both interventions
(28 females, 13 males)
9 individuals did not meet inclusion criteria
(5 female, 4 male)
10 individuals decided not to participate
(6 female, 4 male)




















Table 2: Participant characteristics at baseline 1  
	Variable
	Baseline 1 mean ± SEM

	Age, years
	46 ± 2

	BMI, kg/m2
	30.5 ± 0.6

	Blood pressure, mmHg
	118 ± 2 / 80 ± 1

	Total cholesterol, mmol/L (mg/dL)
	5.0 ± 0.1 (192 ± 50)

	LDL cholesterol, mmol/L (mg/dL)
	3.1 ± 0.1 (119 ± 4)

	HDL cholesterol, mmol/L (mg/dL)
	1.3 ± 0.1 (49 ± 2)

	Triglycerides, mmol/L (mg/dL)
	1.3 ± 0.1 (118 ± 9)

	Glucose, mmol/L (mg/dL)
	5.5 ± 0.1 (99 ± 1)

	Insulin, pmol/L (µU/mL)
	86.1 ± 8.3 (12.4 ± 1.2)


There were no differences between baseline 1 and baseline 2 measurements.

Diet analysis:
At baseline, participants were not following a Med Pattern indicated by a score of 4 on the 14-item Mediterranean diet assessment tool. Self-reported dietary intake data did not differ between baseline 1 and 2. Mean compliance to the prescribed Med Patterns was 95% after accounting for reported menu deviations. The median intake data are presented in Table 3.
Table 3: Median energy intake menu prescription
	 
	Med-Rich 
	Med-Restricted 

	Energy and macronutrient distribution (seven day average)

	Energy (kcal/day)
	2492
	2464

	Carbohydrate (g, %en/day)
	259, 42
	252, 41

	Protein (g, %en/day)
	112, 18
	112, 18

	Fat (g, %en/day)
	111, 40
	111, 40

	Saturated fat (g, %en/day)
	20, 7
	21, 8

	Monounsaturated fat (g, %en/day)
	62, 22
	62, 23

	Polyunsaturated fat (g, %en/day)
	21, 8
	20, 7

	Total food group servings per week

	Fruits (1/2 cup or 1 medium fresh fruit)
	30
	25

	Vegetable (1/2 cup fresh or 1 cup leafy)
	44
	46

	Dark green vegetables
	6
	11

	Red and orange vegetables
	9
	8

	Legumes
	6
	6

	Starch vegetables
	5
	4

	Other vegetables 
	19
	18

	Grains (1/2 cup or 1 oz)
	29
	32

	Whole grains 
	25
	27

	Refined grains
	3
	6

	Protein-rich foods
	
	

	Red meats (oz)
	17
	7

	Poultry (oz)
	4
	15

	Seafood (oz)
	17
	17

	Eggs (1 whole egg)
	2
	3

	Nuts, seed, soy (1 tbsp. nut butter or 1/2 oz nuts/seeds)
	20
	22

	Dairy (1 cup milk or yogurt)
	22
	17

	Oil (1 tsp.)
	8
	8

	14-point Mediterranean Diet Assessment Tool Score (24)
	12
	12




Washout period:
There was no difference between baseline 1 and baseline 2 measurements for the main outcomes shown in Table 1 indicating a successful washout period.
Body mass and composition: 
Body mass decreased during both Med Pattern interventions with greater losses occurring during the consumption of Med-Rich (-1.6 ± 0.5 vs -1.0 ± 0.5 kg for Med-Rich vs Med-Restricted, respectively). Med-Rich and Med-Restricted post body masses did not differ. Body fat percentage did not change during either Med Pattern intervention (-0.7 ± 0.5 vs -0.5 ± 0.5 % for Med-Rich vs Med-Restricted, respectively).
Cardiometabolic disease risk factors:
Total 24-hr ambulatory blood pressures, waking ambulatory blood pressures, and fasting reclined and supine blood pressures decreased during both Med Pattern interventions regardless of unprocessed red meat consumption. Sleep time ambulatory blood pressures did not change during either Med Pattern intervention (see Table 4). 
Adoption of a Med Pattern resulted into decreases in total, LDL, and HDL cholesterol with a trend toward a decrease in ApoB (p=0.052). There were significant diet*time interactions for total, LDL, and ApoB concentrations. Post-hoc analyses showed that 1) total cholesterol decreased during both Med Pattern interventions but decreased 3% more during Med-Rich compared to Med-Restricted, 2) LDL cholesterol decreased 8% during Med-Rich but no changes occurred during Med-Restricted, and 3) ApoB concentrations decreased 6% during Med-Rich but not during Med-Restricted. There were no changes in total cholesterol:HDL cholesterol ratio, C-reactive protein, triglycerides, glucose, insulin, or HOMA-IR score during either Med Pattern intervention. There were no differences between Med-Rich and Med-Restricted pre or post measurements for any CMD risk factors (see Table 4).


Table 4: Changes in cardiometabolic disease risk factors from adopting a Mediterranean-style eating pattern either rich or restricted in unprocessed red meat
	 
	Med-Rich
	Med-Restricted
	P values

	 
	Pre
	Post 
	Change
	Pre
	Post 
	Change
	Time
	Time*Diet

	Ambulatory blood pressure 

	Total 24-hr SBP (mmHg)
	130 ± 2
	126 ± 2
	-5 ± 2
	131 ± 2
	126 ± 2
	-5 ± 2
	0.002
	0.829

	Waking SBP (mmHg)1
	135 ± 2
	129 ± 2
	-6 ± 2
	134 ± 2
	129 ± 2
	-5 ± 2
	0.002
	0.511

	Sleeping SBP (mmHg) 2
	115 ± 2
	114 ± 2
	-1 ± 2
	119 ± 2
	118 ± 2
	-1 ± 2
	0.203
	0.874

	Total 24-hr DBP (mmHg)
	79 ± 1
	75 ± 1
	-4 ± 1
	78 ± 1
	75 ± 1
	-2 ± 1
	0.001
	0.155

	Waking DBP (mmHg) 1
	82 ± 1
	77 ± 1
	-5 ± 1
	80 ± 1
	77 ± 1
	-3 ± 2
	0.001
	0.098

	Sleeping DBP (mmHg) 2
	67 ± 1
	66 ± 1
	-1 ± 1
	69 ± 1
	68 ± 1
	-1 ± 1
	0.162
	0.724

	Fasting blood pressure 

	Reclined SBP (mmHg)
	118 ± 2
	114 ± 1
	-3 ± 2
	120 ± 2
	115 ± 1
	-5 ± 2
	0.002
	0.261

	Supine SBP (mmHg)
	114 ± 2
	110 ± 1
	-4 ± 1
	116 ± 2
	111 ± 1
	-6 ± 1
	0.002
	0.320

	Reclined DBP (mmHg)
	80 ± 1
	77 ± 1
	-3 ± 1
	80 ± 1
	78 ± 1
	-2 ± 1
	0.004
	0.693

	Supine DBP (mmHg)
	73 ± 1
	70 ± 1
	-3 ± 1
	74 ± 1
	71 ± 1
	-3 ± 1
	0.002
	0.891

	Blood lipids and lipoproteins 

	Total cholesterol (mmol/L)
	4.9 ± 0.1
	4.5 ± 0.1
	-0.4 ± 0.1*
	4.9 ± 0.1
	4.7 ± 0.1
	-0.2 ± 0.1*
	0.001
	0.045

	LDL cholesterol (mmol/L)
	3.1 ± 0.1
	2.8 ± 0.1
	-0.3 ± 0.1*
	3.0 ± 0.1
	3.0 ± 0.1
	-0.1 ± 0.1
	0.016
	0.038

	HDL cholesterol (mmol/L)
	1.2 ± 0.1
	1.1 ± 0.0
	-0.1 ± 0.0
	1.2 ± 0.1
	1.1 ± 0.0
	-0.1 ± 0.0
	0.002
	0.622

	Total cholesterol:HDL
	4.2 ± 0.1
	4.2 ± 0.1
	0.0 ± 0.1
	4.1 ± 0.1
	4.3 ± 0.1
	0.1 ± 0.1
	0.348
	0.113

	ApoB (g/L)
	1.0 ± 0.0
	0.9 ± 0.0
	-0.1 ± 0.0*
	0.9 ± 0.0
	0.9 ± 0.0
	-0.0 ± 0.0
	0.052
	0.041

	Triglycerides (mmol/L)
	1.4 ± 0.1
	1.3 ± 0.1
	-0.1 ± 0.1
	1.3 ± 0.1
	1.2 ± 0.1
	-0.1 ± 0.1
	0.079
	0.579

	Markers of glycemic control 

	Glucose (mmol/L)
	5.4 ± 0.1
	5.3 ± 0.1
	-0.1 ± 0.1
	5.3 ± 0.1
	5.3 ± 0.1
	-0.1 ± 0.1
	0.079
	0.827

	Insulin (pmol/L)
	85.4 ± 7.6
	75.0 ± 6.9
	-9.7 ± 6.9
	77.1 ± 6.9
	70.8 ± 6.9
	-9.7 ± 6.9
	0.103
	0.527

	HOMA-IR
	3.0 ± 0.3
	2.6 ± 0.3
	-0.4 ± 0.3
	2.7 ± 0.3
	2.4 ± 0.3
	-0.3 ± 0.3
	0.077
	0.551

	Inflammatory markers 

	C-reactive protein (nmol/L)
	21.9 ± 2.9
	21.0 ± 2.9
	-1.0 ± 2.9
	21.9 ± 2.9
	22.9 ± 2.9
	0.1 ± 2.9
	0.497
	0.496


Data are presented as LS means ± SEM, n=41. Data were analyzed using a doubly repeated-measures ANOVA adjusted for age, sex, and body mass. No differences were detected between pre Med-Rich and pre Med-Restricted measurements and post Med-Rich and post Med-Restricted measurements.
*indicates a change from pre to post within Med Pattern.
1 Waking blood pressure period: 0800-2100 2sleeping blood pressure period: 2100-0800. 

Emotional well-being:
There were no changes over time in the POMS 3-day mean scores with adoption of a Med Pattern, regardless of red meat intake. Adoption of a Med Pattern resulted in improvements in physical role and vitality on the MOS SF-36v2 questionnaire, regardless of red meat consumption. There no reported changes in physically functioning, general health, social functioning, emotional role, or mental health with adoption of a Med Pattern, regardless of the amount of red meat consumed (see Table 5).
Table 5: Changes in daily mood and perceived quality of life from adopting a Mediterranean-style eating pattern either rich or restricted in unprocessed red meat
	 
	Med-Rich
	Med-Restricted
	P values
	 

	 
	Pre
	Post 
	Change
	Pre
	Post 
	Change
	Time
	Time*Diet

	Profile of Mood States

	Tension/Anxiety
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.277
	0.463

	Depression/Dejection
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.489
	0.155

	Anger/Hostility
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.228
	0.967

	Vigor/Activity
	2 ± 0
	2 ± 0
	0 ± 0
	2 ± 0
	2 ± 0
	0 ± 0
	0.298
	0.439

	Fatigue/Inertia (no bushed)
	2 ± 0
	1 ± 0
	0 ± 0
	2 ± 0 
	2 ± 0
	0 ± 0
	0.086
	0.072

	Fatigue/Inertia (bushed)
	2 ± 0
	1 ± 0
	0 ± 0
	2 ± 0
	2 ± 0
	0 ± 0
	0.095
	0.095

	Bushed
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.275
	0.318

	Confusion/Bewilderment
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.331
	0.258

	Total Mood
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.285
	0.408

	MOS SF36v2 main component scores

	Physical functioning
	91 ± 2
	90 ± 2
	-1 ± 2
	92 ± 2
	92 ± 2
	-1 ± 2
	0.371
	0.912

	Role physical
	92 ± 2
	97 ± 1
	5 ± 2
	94 ± 2
	96 ± 1
	2 ± 2
	0.031
	0.182

	Bodily pain
	81 ± 3
	87 ± 3
	5 ± 3
	81 ± 3
	81 ± 3
	0 ± 2
	0.075
	0.116

	General health
	74 ± 2
	77 ± 2
	3 ± 2
	75 ± 3
	77 ± 2
	2 ± 2
	0.094
	0.639

	Vitality
	59 ± 3
	65 ± 3
	6 ± 3
	60 ± 3
	63 ± 3
	3 ± 3
	0.033
	0.430

	Social functioning
	93 ± 2
	93 ± 3
	-1 ± 3
	97 ± 2
	94 ± 3
	-3 ± 3
	0.184
	0.056

	Role emotional
	92 ± 2
	94 ± 2
	2 ± 2
	93 ± 2
	94 ± 2
	1 ± 2
	0.153
	0.847

	Mental health
	79 ± 2
	80 ± 2
	1 ± 2
	80 ± 2
	80 ± 2
	0 ± 2
	0.369
	0.941


Data are presented as LS means ± SEM, n=41. Data were analyzed using a doubly repeated-measures ANOVA adjusted for age and sex.


Indexes of sleep:
Adoption of a Med Pattern improved subjective sleep quality of the PSQI, regardless of the amount of red meat consumed but no changes were reported in sleep duration, sleep latency, daytime dysfunction, sleep efficiency, or medication usage. Acitgraphy data revealed no main effect of adopting a Med Pattern on any outcomes but diet*time interactions were significant for rest duration, wake bouts, and sleep time. Post-hoc analyses revealed that no changes occurred during the Med-Rich intervention in rest and sleep durations but the Med-Restricted intervention resulted in ~20 minutes longer rest and sleep durations. Additionally, post-hoc analyses revealed that wake bouts decreased during the Med-Rich intervention and did not change during the Med-Restricted intervention. 
Table 6: Changes in subjects and objective measures of sleep from adopting a Mediterranean-style eating pattern either rich or restricted in unprocessed red meat
	
	Med-Rich
	Med-Restricted
	
	

	 
	Pre
	Post 
	Change
	Pre
	Post 
	Change
	Time
	Time*Diet

	Pittsburg Sleep Quality Index

	Sleep duration (au)
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0.497
	0.152

	Sleep disturbances (au)
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.063
	0.794

	Sleep latency (au)
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.232
	0.186

	Daytime dysfunction (au)
	1 ± 0
	0 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.152
	0.746

	Habitual sleep efficiency (au)
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0 ± 0
	0.242
	0.775

	Subjective sleep quality (au)
	1 ± 0
	1 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.006
	0.526

	Sleeping medication usage (au)
	0 ± 0
	0 ± 0
	0 ± 0
	1 ± 0
	1 ± 0
	0 ± 0
	0.284
	0.481

	Global sleep score (au)
	5 ± 0
	4 ± 0
	-1 ± 0
	5 ± 0
	5 ± 0
	0 ± 0
	0.074
	0.111

	Actigraphy data

	Duration (min)
	442 ± 9
	432 ± 9
	-10 ± 9
	427 ± 9
	446 ± 9
	19 ± 10*
	0.286
	0.007

	Onset latency (min)
	18 ± 2
	18 ± 3
	0 ± 3
	16 ± 2
	17 ± 3
	1 ± 3
	0.432
	0.492

	Snooze time (min)
	15 ± 2
	18 ± 2
	4 ± 2
	18 ± 2
	16 ± 2
	-2 ± 2
	0.298
	0.105

	Efficiency
	84 ± 1
	84 ± 1
	0 ± 1
	84 ± 1
	85 ± 1
	1 ± 1
	0.343
	0.412

	WASO (#)
	42 ± 3
	38 ± 2
	-4 ± 2
	39 ± 3
	39 ± 2
	0 ± 2
	0.128
	0.191

	Wake time (min)
	42 ± 3
	38 ± 2
	-4 ± 2
	39 ± 3
	39 ± 2
	0 ± 2
	0.118
	0.168

	Wake bouts (#)
	37 ± 2#
	33 ± 2
	-4 ± 1*
	34 ± 2
	35 ± 2
	1 ± 1
	0.174
	0.000

	Sleep time (min)
	400 ± 8
	394 ± 9
	-6 ± 9
	388 ± 8
	408 ± 9
	21 ± 9*
	0.182
	0.010

	Percent sleep
	91 ± 1
	91 ± 0
	1 ± 1
	91 ± 1
	91 ± 0
	0 ± 1
	0.088
	0.737

	Bedtime (min)
	1354 ± 21
	1384 ± 23
	31 ± 28
	1389 ± 21
	1351 ± 24
	-37 ± 29
	0.434
	0.123

	Waketime (min)
	410 ± 15
	386 ± 11
	-21 ± 17
	389 ± 15
	400 ± 11
	10 ± 17
	0.330
	0.175

	Bedtime (military time)
	22:32
	23:06
	 
	23:10
	22:31
	 
	 
	 

	Waketime (military Time)
	6:49
	6:26
	 
	6:29
	6:41
	 
	 
	 

	Duration (min) variability
	58 ± 6
	60 ± 8
	1 ± 8
	61 ± 6
	66 ± 8
	5 ± 8
	0.316
	0.720

	Onset latency (min) variability
	15 ± 2
	13 ± 2
	-2 ± 3
	12 ± 2
	12 ± 2
	0 ± 3
	0.345
	0.579

	Snooze time (min) variability
	13 ± 3
	15 ± 2
	3 ± 3
	17 ± 3
	15 ± 2
	-2 ± 3
	0.384
	0.218

	Efficiency variability
	5 ± 1
	5 ± 0
	0 ± 1
	5 ± 1
	5 ± 1
	0 ± 1
	0.421
	0.578

	WASO (#) variability
	13 ± 1
	12 ± 2
	-1 ± 2
	12 ± 1
	12 ± 2
	0 ± 2
	0.416
	0.700

	Wake time (min) variability
	13 ± 1
	12 ± 2
	-1 ± 2
	12 ± 1
	12 ± 2
	0 ± 2
	0.423
	0.737

	Wake bouts (#) variability
	8 ± 1
	7 ± 1
	-1 ± 1
	8 ± 1
	8 ± 1
	1 ± 1
	0.475
	0.423

	Sleep time (min) variability
	51 ± 6
	53 ± 7
	2 ± 7
	56 ± 5
	59 ± 7
	4 ± 8
	0.305
	0.869

	Percent sleep variability
	3 ± 0
	2 ± 0
	0 ± 0
	3 ± 0
	2 ± 0
	0 ± 0
	0.276
	0.529

	Bedtime variability (min)
	43 ± 7
	43 ± 6
	-1 ± 7
	44 ± 7
	51 ± 6
	7 ± 7
	0.282
	0.312

	Waketime variability (min)
	43 ± 6
	43 ± 6
	0 ± 7
	39 ± 6
	42 ± 6
	3 ± 7
	0.384
	0.790


Data are presented as LS means ± SEM, n=41. Data were analyzed using a doubly repeated-measures ANOVA adjusted for age and sex.
*indicates a change from pre to post within Med Pattern.


Discussion:
This completely controlled feeding randomized crossover trial was the first to assess the effects of increasing lean unprocessed red meat in the context of a Med Pattern on CMD risk factors and emotional well-being. Consumption of a Med Pattern improved blood lipoproteins and blood pressures but did not affect markers of fasting glycemic control or insulin resistance. Greater improvements occurred during consumption of the Med Pattern rich in red meat in total cholesterol, LDL cholesterol, and Apo B concentrations. Consumption of a Med Pattern improved physical quality of life and subjective sleep quality, regardless of the amount of red meat consumed. Consumption of a Med Pattern higher in red meat had little effect on objective sleep parameters. These data do not support our hypothesis which was that there would be no difference between improvements in CMD risk factors and emotional well-being induced by consuming a Med Pattern either rich or restricted in lean unprocessed red meat.
Other data support the inclusion of higher amounts of red meat in weight-maintenance heart healthy eating patterns, specifically Dietary Approaches to Stop Hypertension-style eating patterns, to improve CMD risk factors. Inclusion of ~120g/day of lean unprocessed pork (12) or up to 153g of lean unprocessed beef (11) did not influence the effectiveness of a DASH-style eating pattern to reduce blood pressure in normo- and hypertensive individuals, respectively. Neither of these studies, similar to ours, showed changes in fasting glucose and insulin. This may suggest that weight-maintenance heart healthy eating patterns with varying amounts/types of red meat are not influential on short term glycemic control but these studies were not powered to detect changes in these variables. Most notably, our study showed greater improvements in total cholesterol, LDL-cholesterol, and ApoB concentrations in the Med-Rich eating pattern compared to the Med-Restricted. Although the studies mentioned previously no effect of higher red meat consumption in total cholesterol, LDL-cholesterol, and ApoB, neither study shows augmented improvements of these parameters with higher red meat consumption. It is difficult to explain the provocative lipoprotein results of our study because we are assessing the dietary pattern as a whole and not individual nutrient content. These studies previously mentioned did not measure quality of life outcomes or indexes of sleep in addition to cardiometabolic disease risk factors. This emphasizes the novelty of our study which shows objective and subjective improvements in various health parameters from consuming a heart healthy diet, regardless of the red meat intake amounts, in the absence of significant weight loss. 
This was a high quality efficacy trial which assessed the effects of consuming daily lean unprocessed red meat in the context of a Med Pattern. Our adequately powered randomized crossover design is strengthened by a successful washout period (indicated by no differences between baseline 1 and baseline 2 measurements) and a relatively low dropout rate (<18%). We achieved a high level of dietary control by preparing and providing all foods and beverages to participants. Participants reported >95% compliance to diet which may be reflective of the ease of participation (all foods and beverages prepared and provided) and weekly motivation from study staff. However, we did not collect objective biological adherence measures to validate the self-reported compliance. It is unknown whether a Med Pattern with daily red meat consumption would be as effective at improving CMD risk factors and quality of life if participants were required to purchase and prepare their own foods without rigorous dietary counseling/education. Particularly because the cut of meat consumed and the degree of processing (cooking methods or added preservatives) is important but knowledge/access can be limited. Although unintentional, 98% of our sample population was Caucasian so future research is needed in areas that have more diverse populations. However, the inclusion of daily lean unprocessed red meat in a Med Pattern is still generalizable to a large proportion of the US population who are overweight/obese to improve CMD risk factors and perceived emotional well-being. 
The 2015-2020 Dietary Guidelines for Americans recommends a US Healthy Mediterranean-Style Eating Pattern.  Although the red meat consumption amount is ambiguous in the DGA policy document, the Med Pattern model in the DGA Committee Scientific Report contains ~10 oz per week. This recommendation is based on mainly observational cohort data which show associations between red meat consumption and CVD risk. However, this evidence is not in the context of a Med Pattern. The Med Pattern studies included in the DGAC report which show health improvements report red (unprocessed and processed) meat consumption up to ~500 g/2000kcal/day. More research is needed to identify the amount of unprocessed red meat consumed in these studies with follow-up randomized controlled trials to assess efficacy of those consumption levels. Our results support that 18 oz/week of unprocessed beef and pork can be consumed in a Med Pattern with no negative effects on cardiometabolic disease risk factors or emotional well-being but future studies are needed to titrate intake quantities over longer periods of time. 
Publications
Abstracts about this research were presented at Experimental Biology 2017:
Wayne W Campbell, Lauren E O’Connor, Jia Li, Richard D Sayer, and Amy J Wright 
Adopting, Abandoning, and Re-adopting Healthy Eating Patterns Sends Cardiovascular Disease Risk Factors on a Rollercoaster Ride
FASEB J April 2017 31:447.2

Lauren E O’Connor, Amy J Wright, Douglas Paddon-Jones, and Wayne W Campbell
Daily Red Meat Intake does not Affect Improvements in Cardiovascular Disease Risk Factors Induced by Consuming the USDA’s Healthy Mediterranean-Style Eating Pattern
FASEB J April 2017 31:966.9

These results from this grant will be published in two manuscripts. The first will be submitted to Circulation about the cardiometabolic results and the second will be submitted to Sleep about the emotional well-being results.
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