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ABSTRACT
Background: Plant-based diets may help improve measures of
body fat, blood cholesterol, glucose metabolism, and inflammation.
However, limited evidence suggests that the health effects of
reducing animal products may depend on the quality of plant-based
foods consumed as caloric replacements.
Objective: This study examined how temporarily restricting con-
sumption of meat, dairy, and egg (MDE) products for religious
purposes influences cardiometabolic health biomarkers and whether
any effects of MDE restriction on biomarkers are modified by
concurrent shifts in calories, fish, and distinct plant-based foods.
Design: This study followed a sample of 99 individuals in the United
States with varying degrees of adherence to Orthodox Christian
(OC) guidance to abstain from MDE products during Lent, the 48-d
period prior to Easter. Dietary composition was estimated from FFQs
and 7-d food records; measures of body fat, blood lipids, glucose
metabolism, and inflammation were collected prior to and at the end
of Lent.
Results: Each serving decrease in MDE products was associated
with an average −3.7% (95% CI: −5.5%, −2.0%; P < 0.0001) and
−3.6% (95% CI: −5.8%, −1.3%; P = 0.003) change in fasting
total and LDL blood cholesterol, respectively, which were partly
explained by minor weight loss. However, the total/HDL cholesterol
ratio did not significantly decrease due to an average −3.2% (95%
CI: −5.8%, −0.6%; P = 0.02) change in HDL cholesterol. No
associations between MDE restrictions and shifts in measures of
body fat, glucose, insulin, or C-reactive protein were observed. The
data could not provide evidence that changes in cardiometabolic
health biomarkers in relation to MDE restriction were modified by
concurrent shifts in calories, fish, or plant-based foods.
Conclusion: Temporary MDE restrictions practiced by this sample
of OCs in the United States during Lent had minimal effects on
cardiometabolic disease risk factors. Further research among larger
samples of OCs is needed to understand how nutritionally distinct
and complex combinations of plant-based foods may modify the
health effects of religious fasting from MDE products. Am J Clin
Nutr 2019;110:722–732.
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Introduction
Plant-based diets are allegedly more protective than omniv-

orous diets against cardiometabolic diseases (1, 2). It remains
questionable, however, whether restriction of animal products
meaningfully improves health measures if not coupled with
increased intake of healthy, whole, and nutrient- and fiber-rich
plant-based foods, such as whole grains, legumes, nuts, fruits,
and vegetables. Nutritionally distinct plant-based food choices
could account for inconsistent health measures and outcomes
across vegetarian and vegan populations (3, 4). Diets relatively
low in animal products but high in refined grains, potatoes, and
sugar-sweetened beverages and desserts, for example, have been
associated with a higher risk of developing type 2 diabetes and
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coronary heart disease relative to diets higher in both animal
products and healthy plant-based foods (5, 6). As randomized
clinical trials involving plant-based diet interventions generally
incorporate guidelines to minimize processed foods and added
sugars, they do not address scenarios of replacing animal products
with unhealthy plant-based foods. Yet, such scenarios may
be increasingly common among individuals who, whether for
health, ethical, environmental, or religious motives, elect to
restrict animal products and have access to a growing array
of packaged and ultra-processed vegan and vegetarian food
products, the healthfulness of which are unclear.

The objective of this study, therefore, was to capture the
intraindividual cardiometabolic health response to restricting an-
imal products among individuals with free choice of replacement
foods. This study followed a sample of Antiochian and Greek
Orthodox Christians (OCs) in the United States during Lent, a
48-d period preceding Easter when OCs are encouraged to “fast”
from meat, dairy, and egg (MDE) products. The Lenten OC MDE
fast differs from strict low-fat vegan diets shown to improve
health markers in intervention studies (7–9), as it allows shellfish,
may restrict olive oil (but not other oils) on weekdays, and permits
free choice of vegan foods, regardless of refined grain or added
sugar content. Furthermore, there are no explicit limitations on
calories, although voluntary reductions in ad libitum energy
intake during MDE fasting periods are common (10–14). Among
OCs in Greece (12, 13, 15) and Egypt (16), similar forms of
MDE fasting were associated with reductions in BMI and total
and LDL cholesterol. However, these studies did not relate the
improvements in health measures to specific changes in dietary
composition, and no known studies have quantitatively examined
shifts in health biomarkers in relation to MDE fasting among
OCs in the United States, where dietary patterns and Lenten
fasting regimens may differ from those of Greek and Egyptian
OC populations.

Thus, the primary aim of this study was to examine if
MDE restrictions, as practiced by OCs in the United States,
are associated with improvements in measures of body fat,
blood lipids, glucose metabolism, and inflammation (hypoth-
esis 1). The secondary aim was to test if the magnitude
of changes in cardiometabolic health markers in relation to
OC MDE restrictions is modified by accompanying dietary
shifts in calories, fish, and replacement plant-based foods
(hypothesis 2).

Methods

Study design and participants

This prospective study followed participants during a 6-wk
period on their normal, unrestricted diet between mid-January
and early March 2016 and the subsequent 6-wk MDE-restricted
period of OC Lent lasting from early March to late April
2016 (mean follow-up time: 40 d; range: 34–48 d). Participants
were recruited through oral and written announcements from 8
Antiochian OC churches and 1 Greek OC church in the southern
region of the United States. Non-OCs were invited to join the
study in an effort to recruit individuals with a range of adherence
to OC Lenten dietary restrictions. Eligibility was limited to men
and nonpregnant, nonlactating women between the ages of 18 and
75 y who were born or raised in the United States or Canada. All

participants provided informed consent, and study protocols were
approved by the Institutional Review Board of the University of
Washington.

The sample size was determined by the feasibility of recruit-
ment (convenience sample), which lasted from September 2015
until 1 wk prior to Lent, ensuring that each participant had time
to record 7 d of his or her pre-Lenten diet. Of the 141 volunteers
who consented, 120 volunteers initiated study protocols, 114
completed the first (pre-Lenten) dietary assessments, and 107
finished the second round of dietary assessments during the
OC Lenten period (see Supplemental Figure 1 for participant
flowchart). The stated reasons for participants not continuing with
the study, if given, were generally related to time constraints.

Diet and nutrition assessment

Diet was measured before and during Lent using validated
124-item self-administered FFQs (9) and 7-d undocumented food
records (FRs), which were self-administered and not reviewed
together by study staff and participant prior to data entry (17,
18). Each participant was instructed to complete one 7-d FR and
1 FFQ before Lent, a second 7-d FR in the middle of Lent, and a
second FFQ at the end of Lent. See the Supplemental Materials
for further description of the undocumented FR and details on
the methods of collection, entry, and analyses of the FR data
compared with the FFQ data.

FFQs were reviewed for errors by the researcher and processed
by the Nutrition Assessment Shared Resource of the Fred
Hutchinson Cancer Research Center, which used the 2015
version of the University of Minnesota Nutrition Data Systems
for Research (NDSR) software (19) to obtain measures of average
daily consumption of major food groups, macro- and micronu-
trients, and calories. The food variables that were generated by
this software used the MyPyramid Equivalent Database (MPED)
(11), which measures meat in ounces (1 oz ∼28.35 g); eggs,
grains, nuts, and soy products in ounce equivalents (oz-eq); fruit,
vegetables, dairy, and legumes (not including soy products) in
cup equivalents (cup-eq); and discretionary oils and total added
sugars in grams (see Supplemental Materials for approximate
gram conversions of MPED oz-eq and cup-eq servings of food
groups). Estimates of macro- and micronutrients were measured
by their mass (e.g., grams), and energy intake was measured in
kilocalories.

Measurement of cardiometabolic health biomarkers

Anthropometric measurements and capillary blood were
collected before and at the end of Lent. Standing height without
shoes was measured using a portable stadiometer (Seca-217;
Seca). Weight and body fat percentage were measured using
a full-body bioelectric impedance scale (HBF-514C; Omron).
BMI was calculated by dividing weight in kilograms by squared
height in meters (kg/m2). Capillary blood was collected from a
finger prick following an ≥8-h period without food or caloric
beverages. Approximately 3 drops (40 μL) of whole blood were
used immediately for the assessment of blood lipids and fasting
glucose using an Alere Cholestech LDX point-of-care device
(20, 21) with Alere LDX Lipid and Glucose Analyzer cassettes.
The Alere Cholestech LDX point-of-care device measures total
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cholesterol, HDL cholesterol, triglycerides, and blood glucose
directly but calculates LDL cholesterol using the Friedewald
formula: [total cholesterol – HDL cholesterol – (triglycerides/5)]
(22). Because the point-of-care device is designed to identify
individuals with elevated blood lipids, it was not able to detect
triglyceride levels <45 mg/dL. Consequently, for participants
with triglyceride levels below that level (n = 17 before Lent
and n = 15 during Lent), the minimal detectable value of 45
mg/dL was imputed as the participants’ triglyceride value and
LDL cholesterol was calculated manually using the Friedewald
formula. Likewise, the minimum value of detection of 100 mg/dL
for total cholesterol was used to calculate LDL cholesterol for 1
participant with low total cholesterol.

Additional capillary blood was collected in BD Microtainer
tubes with serum separators. Blood was allowed to clot for ∼30
to 90 min and centrifuged at ambient temperature at 2000 × g.
Serum was aliquoted and shipped on dry ice to the University
of Washington Biological Anthropology and Biodemography
Laboratory and kept frozen at −80◦C. High-sensitivity C-reactive
protein (CRP) was measured in this laboratory using an in-
house enzyme-linked immunosorbent assay (23). The interassay
CVs for low, medium, and high levels of control for this assay
were 16.7%, 7.7%, and 11.6%, respectively; the intra-assay CVs
for low, medium, and high CVs were 5.1%, 5.7%, and 10.5%,
respectively. Insulin was measured by the Northwest Lipid
Metabolism and Diabetes Research Laboratories (University of
Washington, Seattle, WA) using a 2-site immune-enzymometric
assay on a Tosoh 2000 autoanalyzer (24); the interassay CVs for
low, medium, and high levels of control samples for this assay
were 2.8%, 2.5%, and 2.0%, respectively. Using the measures
of serum insulin obtained by the Northwest Lipid Metabolism
and Diabetes Research Laboratories and glucose measured by
the Alere Cholestech LDX point-of-care device, a measure of the
HOMA-IR was calculated as follows: glucose (mg/dL) × insulin
(μU/mL)/405 (25).

Covariates

Across the course of the study, participants completed 3
surveys to collect information about demographics; self-rated
health status and existing health conditions; medication and
supplement use; tobacco, alcohol, and caffeine consumption; and
general dietary preferences. Physical activity levels prior to and
during Lent were estimated using the validated questionnaire
developed for the Aerobics Center Longitudinal Study (26, 27),
which surveyed participants on their average weekly frequency,
duration, and speed (if relevant) of engagement in 15 common
activities (e.g., walking, household chores, yardwork). Activity-
specific metabolic equivalent values (METs) representing the
ratio of the metaTBLbolic cost of performing the activity to a
standardized resting metabolic rate (28) were multiplied by the
minutes per week of reported engagement in each activity. METs
for each activity were summed and divided by 60 to obtain a
measure of weekly MET hours in each data collection period.

Statistical analyses

The final sample size for analyses using FFQ data was 99
after excluding individuals who had unreliably low (<500 kcal

for females and <800 kcal for males) or high (>4500 kcal for
females and >5000 kcal for males) estimates of “usual” energy
intake in either time period (n = 2) (29), reported being on a
strict weight-loss regimen during the study period (n = 2), made
dietary changes during the Catholic period of Lent occurring
prior to OC Lent (n = 1), already restricted all MDE products at
baseline (n = 2), or reported a change in cholesterol- or diabetes-
related medications during the study period (n = 1). However,
sample sizes varied for some biomarker models due to missing
body fat measures (n = 2), unreliable LDL cholesterol estimates
due to triglyceride levels >400 mg/dL (25) (n = 1), and missing
insulin measures at 1 or both time points (n = 16). CRP models
excluded individuals reporting changes in regular use of anti-
inflammatory medications (n = 1), individuals whose acute
use of anti-inflammatory medications (24 h prior to the health
assessment) differed between the 2 collection periods (n = 13),
or individuals missing CRP measurements in either collection
period (n = 3). No participants had CRP levels indicative of
current infection (>10 mg/L).

All measures of food and nutrient intake were standardized
to a 2000-kcal diet by dividing each participant’s estimated
consumption (in oz-eq, cup-eq, or grams) of each food group
before Lent or during Lent by his or her total caloric intake during
the respective time period and multiplying that number by 2000.
Composite measures of participants’ MDE consumption before
Lent (MDE1 score) and during Lent (MDE2 score) were created
by adding the number of servings/2000 kcal of MDE consumed
in each period. For the purposes of this score, 1 MDE “serving”
was defined as 3 oz (∼85 g) of unprocessed meat, 2 oz (∼57
g) of processed meat, 1 cup-eq of dairy (∼245 g milk or yogurt
or ∼48 g cheese), or 2 oz-eq of eggs (∼2 eggs). The difference
between the MDE1 and MDE2 scores was used as a composite
measure of the change in MDE servings (MDE� score) during
Lent. Similarly, the measure of change in fish and plant-based
foods was calculated by taking the difference in pre-Lenten and
Lenten standardized estimates of each food group.

For descriptive purposes, demographic characteristics, base-
line measures of health biomarkers, the proportion of individuals
in suboptimal ranges for health biomarkers, and pre-Lenten
and Lenten dietary characteristics were tabulated by tertiles of
MDE� score, with tertile 3 representing the greatest degree of
MDE reduction. One-way ANOVA tests were used to assess
differences in average pre-Lenten (baseline) and Lenten dietary
characteristics and baseline health biomarker measures across
MDE� tertiles. Chi-squared tests were used to test the difference
across MDE� tertiles in the proportion of individuals with
suboptimal baseline biomarker levels (see Supplemental Figure
2).

To test the change in each health biomarker relative to
MDE reductions (hypothesis 1), the natural log-transformed
measures of BMI, body fat, total cholesterol, LDL cholesterol,
HDL cholesterol, triglycerides, glucose, insulin, HOMA-IR, and
CRP at the end of Lent were separately regressed on MDE� score
controlling for the baseline measure of each respective biomarker.
Model 1 included adjustment for age, sex, baseline BMI, average
weekly METs, change in weekly METs, baseline MDE score,
baseline calories, change in calories, and the number of days
following the MDE restricted diet prior to the Lenten health
assessment; Bonferroni-adjusted α values of 0.05/10 = 0.005
were used to assess statistical significance. Predicted marginal
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changes in health biomarkers within each MDE� tertile were
estimated by regressing the untransformed health biomarker on
MDE� tertile (categorical), controlling for the same covariates
as in model 1 and using Stata’s margins command (30).

Model 2 added adjustment for change in weight to model
1. Finally, model 3 tested hypothesis 2 by further including
(one at a time) main and interactive effects (with MDE� score)
and changes in calories, fish, whole grains, refined grains,
legumes, soy products, nuts and seeds, fruits and vegetables,
discretionary oils, or added sugars, further controlling for
baseline consumption of each respective food. Bonferroni-
adjusted α values of 0.05/100 = 0.0005 were used to assess
statistical significance in model 3.

All analyses included participants taking cholesterol, hy-
pertension, or diabetes medications as long as they reported
consistent use of medications throughout the study (n = 14).
However, sensitivity analyses were performed by reanalyzing
model 1, excluding individuals taking medications to control
cholesterol, blood pressure, or blood sugar. Sensitivity analyses
of CRP were also performed by reanalyzing model 1, excluding
individuals regularly taking statins, metformin, and low-dose
anti-inflammatory medications (n = 24).

Two sets of post hoc tests were estimated with model 2. One
analysis assessed the change in total/HDL cholesterol ratio in
relation to MDE� score. The other explored the differential
effects of reductions in meat compared with dairy or eggs on
shifts in total and LDL blood cholesterol by replacing MDE�

score with its separate components and using Wald tests to
evaluate the difference in the β-coefficients for changes in meat,
dairy, and eggs. Several diagnostic tests were also performed.
To test for influential outliers, leave-one-out analyses were

conducted for model 3 analyses that produced main or interactive
effects with P values below the unadjusted α level of 0.05.
Multicollinearity resulting from 2 correlated food variables being
added together to the model, along with a highly correlated
interaction term for those variables, can lead to an increase in
standard errors and loss of stability in the coefficients (29).
To assess the potential loss of stability in coefficients due to
multicollinearity (29), the variance inflation factors (VIFs) for all
model 3 covariates, including interaction terms, were performed.
VIFs for all covariates were <10 with the exception of the CRP
model in which the main and interactive effects for soy products
were 10.2 and 10.3, respectively.

All statistical analyses were run first with the FFQ data and
then repeated using the 7-d FR data (n = 94). All analyses were
conducted using StataSE 14.2 (StataCorp).

Results

Sample demographics and baseline health and dietary
characteristics

The adults in this study sample were 19–73 years old
(mean = 46.7 years); 42% were male, and 94% reported their
race as “white or Caucasian” (Table 1). There were no differences
across MDE� tertiles in age, sex distribution, education level, or
income. Four participants did not self-identify as OCs, and 77%
of OCs converted as adults.

At baseline (pre-Lent), 66% of the sample was considered
overweight, 28% had elevated total cholesterol levels (≥200
mg/dL), 58% had LDL cholesterol levels ≥100 mg/dL, and
approximately one-fourth of the sample had fasting glucose

TABLE 1 Baseline demographic, lifestyle, and dietary characteristics of study participants by MDE� tertile (n = 99)1

Characteristic
Entire sample

(n = 99)

Tertile 1 (n = 33)(mean
MDE� score: −0.28;
range: 1.89 to −1.30)

Tertile 2 (n = 33)(mean
MDE� score: −1.76;

range: −1.32 to −2.15)

Tertile 3 (n = 33)(mean
MDE� score: −3.13;

range: −2.21 to −4.88)

Age, y 46.7 (19.1, 73.2) 48.1 (26.2, 73.2) 45.5 (19.1, 67.8) 46.6 (24.2, 67.6)
Average weekly MET hours2 20.1 (0, 128.4) 22.7 (1.1, 128.4) 16.7 (0, 54) 20.7 (1.2, 52.3)
Male 42.4 39.4 39.4 48.5
Self-reported race as “White or Caucasian” 93.9 97.0 90.9 93.9
Annual income ≥$100,0003 44.7 40.6 46.9 46.7
4-y college degree or higher 91.8 97.0 87.9 90.6
Orthodox Christian 96.0 87.9a 100.0b 100.0b

Convert 76.8 69.0 87.9 72.7
Self-rated health “good” to “excellent” 89.9 90.9 87.9 90.9
Reporting mostly sedentary occupations 52.5 57.6 54.5 45.5
Current smokers 8.1 9.1 3.0 12.1
Consuming >7 alcohol drinks/wk 24.2 24.2 18.2 30.3
Taking medications for dyslipidemia 6.1 6.1 3.0 9.1
Taking medications for hypertension 10.1 15.2 3.0 12.1
Taking medications for diabetes 3.0 3.0 3.0 3.0
Regularly taking anti-inflammatory

medications
10.1 18.2a 0b 12.1a

Vegetarian or pescetarian 5.1 9.1 6.1 0

1Values are presented as mean (minimum, maximum) or percentages. Different superscript letters represent a statistically significant difference between
tertiles at an α level of 0.05.

MDE�, change in servings of meat, dairy, and eggs; MET, metabolic equivalent value.
2Metabolic equivalent values for moderate to vigorous physical activities.
3Based on the 32 in tertile 1, 32 in tertile 2, and 30 in tertile 3 who responded to the question on household income.
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TABLE 2 Baseline health measures and proportions of participants with suboptimal biomarker levels by MDE� tertile (n = 99)1

Characteristic
Entire sample

(n = 99) Tertile 1 (n = 33) Tertile 2 (n = 33) Tertile 3 (n = 33)

BMI, kg/m2

Mean (min, max) 27.3 (18.1, 43.8) 28.3 (19.7, 42.3) 27.3 (18.7, 43.8) 26.4 (18.1, 40.9)
% above optimal (≥25 m/kg2) 65.7 69.7 63.6 63.6

Body fat percentage2

Mean (min, max) 34.0 (7.2, 56.7) 35.5 (16.7, 56.7) 34.6 (14.6, 55.2) 32.0 (7.2, 46.1)
% above optimal (age and sex specific) 70.1 66.7 75.0 68.8

Total cholesterol, mg/dL
Mean (min, max) 184.1 (103.0, 275.0) 183.5 (114.0, 275.0) 184.4 (103.0, 247.0) 184.5 (128.0, 251.0)
% above optimal (≥200 mg/dL) 28.3 30.3 30.3 24.2

LDL cholesterol, mg/dL3

Mean (min, max) 109.0 (49.0, 189.8) 110.7 (53.2, 189.8) 106.3 (49.0, 159.2) 110.1 (55.6, 179.0)
% above optimal (≥100 mg/dL) 58.2 59.4 60.6 54.5

HDL cholesterol, mg/dL
Mean (min, max) 55.3 (18.0, 98.0) 53.5 (28.0, 84.0) 57.1 (18.0, 98.0) 55.4 (20.0, 84.0)
% below optimal [≤40 (men) or ≤50 (women)] 23.5 25.0 27.3 18.2

Triglycerides, mg/dL
Mean (min, max) 99.2 (45.0, 271.0) 97.7 (45.0, 271.0) 104.5 (45.0, 261.0) 95.4 (45.0, 253.0)
% above optimal (≥100 mg/dL) 35.4 36.4 42.4 27.3

Total cholesterol/HDL cholesterol
Mean (min, max) 3.7 (2.0, 9.4) 3.7 (2.1, 6.8) 3.6 (2.0, 7.5) 3.8 (2.0, 9.4)
% above optimal (≥4.5) 19.2 24.2 18.2 15.2

Glucose, mg/dL
Mean (min, max) 94.3 (68.0, 166.0) 93.5 (68.0, 116.0) 94.2 (80.0, 166.0) 95.2 (68.0, 156.0)
% above optimal (≥100 mg/dL) 29.3 36.4 24.2 27.3

Insulin, μU/mL4

Mean (min, max) 10.0 (1.6, 99.3) 8.4 (2.8, 26.2) 13.3 (1.6, 99.3) 8.4 (2.1, 24.9)
% above optimal (≥12 μU/mL) 18.1 10.7 18.5 25.0

HOMA-IR4

Mean (min, max) 2.5 (0.3, 27.5) 2.0 (0.5, 7.5) 3.5 (0.3, 27.5) 2.1 (0.4, 7.1)
% above optimal (≥2.5) 24.1 25.0 22.2 25.0

C-reactive protein, mg/L5

Mean (min, max) 1.4 (0.1, 4.9) 1.5 (0.1, 4.9) 1.3 (0.1, 4.2) 1.5 (0.1, 4.9)
% above optimal (>3 mg/L) 10.1 15.4 10.3 7.4

1Optimal ranges based on standard reference values for BMI (10); total, LDL, and HDL cholesterol (11–13); triglycerides (14); glucose (15); insulin (16,
17); and HOMA-IR (18–20). To convert mg/dL to mmol/L, multiply total, LDL, and HDL cholesterol by 0.0259; triglycerides by 0.0113; and glucose by
0.056. To convert mg/dL to mmol/L, multiply total, LDL, or HDL cholesterol by 0.0259; triglycerides by 0.0113; and glucose by 0.055. HOMA-IR = glucose
(mg/dL) × insulin (μU/mL)/405; MDE�, change in servings of meat, dairy, and eggs.

2Excluding 1 individual in tertile 2 and 1 individual in tertile 3 with missing body fat measurements at 1 or both time points.
3Excluding 1 individual in tertile 2 with an unreliable LDL measurement at the Lenten follow-up due to triglycerides >400 mg/dL.
4Excluding 5 individuals in tertile 1, 6 individuals in tertile 2, and 5 individuals in tertile 3 with missing insulin measures at 1 or both time points.
5Excluding 7 individuals in tertile 1, 4 individuals in tertile 2, and 6 individuals in tertile 3 with missing C-reactive protein measures or inconsistent use

of anti-inflammatory medication.

and HOMA-IR levels within ranges associated with higher risk
for metabolic syndrome and type 2 diabetes (Table 2 and
Supplemental Figure 2). The proportion of individuals with
suboptimal biomarker values at baseline did not differ across
MDE� tertiles.

Five individuals reported regularly following a vegetarian
(n = 3) or pescetarian (n = 2) diet. Two of the vegetarians
still changed their dairy and egg consumption enough to be
categorized in the second MDE� tertile. With the exception
of significantly higher baseline consumption of total meat and
eggs and lower intake of nuts in the third MDE� tertile (the
tertile that experienced the greatest amount of change in MDE
consumption), there were no other significant differences in
baseline consumption of total calories or animal- or plant-based
foods (Table 3). However, individuals in tertile 3 did consume

slightly more animal protein, saturated fat, and trans fat and less
plant protein and carbohydrates than those in tertile 1 at baseline
(Supplemental Table 2).

Hypothesis 1: MDE restrictions and reductions in
cardiometabolic risk biomarkers

Each serving decrease in MDE consumption during Lent was
associated with an average −3.7% change in total cholesterol
(95% CI: −5.5%, −2.0%; P < 0.0001) and −3.6% change
in LDL cholesterol (95% CI: −5.8%, −1.3%; P = 0.003) in
model 1 (Figure 1; Supplemental Table 3). Marginal predictive
models estimated that total and LDL cholesterol decreased by
∼22.0 mg/dL and 14.3 mg/dL, respectively, in the third MDE�

tertile (Table 4). HDL cholesterol also changed by an average
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TABLE 3 FFQ estimates of animal- and plant-based food intake before and during Lent (standardized to 2000 kcal/d) by MDE� tertiles (n = 99)1

Pre-Lent Lent

Characteristic Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Kilocalories (males) 2528 (1358, 4170) 2329 (1153, 4237) 2170 (1147, 3875) 1964 (1313, 3137) 1715 (1125, 2446) 1594 (818, 2823)
Kilocalories (females) 1942 (960, 3490) 2083 (910, 3478) 1895 (1223, 2966) 1699 (774, 2719) 1578 (678, 2958) 1325 (672, 2396)
Animal-based foods

All meat, oz 3.7 (0.2, 8.1)a 3.6 (0.3, 7.6)b 5.1 (2.3, 9.7)b 2.4 (0.1, 8.1)a 0.5 (0.05, 1.5)b 0.3 (0, 0.6)b

Red meat 1.9 (0.1, 4.7) 1.9 (0.1, 6.0) 2.6 (0.6, 7.7) 1.0 (0, 3.2)a 0.3 (0.02, 0.7)b 0.2 (0, 0.4)b

Poultry 1.3 (0.0, 4.7) 1.2 (0.1, 2.7) 1.6 (0.5, 3.4) 1.1 (0.0, 3.2)a 0.1 (0, 0.6)b 0.1 (0, 0.3)b

Processed meat 0.5 (0, 2.1) 0.5 (0.04, 1.4) 0.8 (0.05, 2.0) 0.3 (0, 2.2)a 0.03 (0, 0.2)b 0.01 (0, 0.1)b

Fish and shellfish 0.9 (0, 2.7) 0.8 (0.02, 2.2) 1.0 (0.1, 2.1) 1.0 (0, 3.7) 1.2 (0, 4.7) 1.6 (0.3, 4.3)
All dairy, cup-eq 1.2 (0.2, 2.4) 1.0 (0.5, 1.6) 1.3 (0.4, 2.5) 1.4 (0.1, 4.4)a 0.5 (0.04, 1.4)b 0.3 (0.1, 0.7)b

Milk 0.5 (0.03, 2.0) 0.4 (0.1, 0.6) 0.6 (0.1, 1.4) 0.7 (0.03, 2.2)a 0.2 (0.02, 0.5)b 0.1 (0, 0.3)b

Yogurt 0.2 (0, 0.9) 0.1 (0, 0.5) 0.2 (0, 0.8) 0.2 (0, 1.4)a 0.04 (0, 0.3)b 0.02 (0, 0.2)b

Cheese 0.5 (0.03, 1.1) 0.5 (0.1, 0.9) 0.6 (0.2, 1.2) 0.5 (0.06, 1.1)a 0.3 (0, 0.9)b 0.2 (0, 0.5)b

Eggs, oz-eq 0.5 (0.03, 1.5)a 0.6 (0.1, 1.6)a 1.0 (0.1, 4.0)b 0.4 (0.02, 1.7) 0.4 (0.01, 1.8) 0.3 (0, 1.7)
Plant-based foods

Whole grain, oz-eq 1.4 (0.1, 3.2) 1.9 (0.3, 5.6) 1.3 (0, 3.4) 1.6 (0, 5.5) 2.1 (0.3, 5.3) 2.3 (0.1, 5.9)
Refined grain, oz-eq 3.6 (0.7, 6.9) 4.3 (1.9, 6.8) 3.4 (1.0, 6.4) 4.1 (0.9, 6.8) 5.1 (2.6, 8.6) 4.8 (1.9, 8.7)
Legumes, cup-eq 0.1 (0, 0.5) 0.2 (0, 0.3) 0.1 (0.02, 0.5) 0.2 (0, 0.6)a 0.3 (0.02, 0.7)b 0.4 (0.02, 1.1)b

Soy products, oz-eq 0.3 (0, 1.7) 0.3 (0, 1.1) 0.2 (0, 0.6) 0.4 (0, 2.0) 0.7 (0, 2.1) 0.6 (0, 2.1)
Nuts and seeds, oz-eq 1.9 (0, 4.9)a 1.3 (0.2, 4.6)a,b 0.9 (0.02, 2.1)b 1.9 (0.02, 4.9) 2.4 (0.3, 7.4) 2.3 (0.1, 6.3)
Fruit, cup-eq2 1.2 (0.1, 3.7) 0.8 (0.2, 1.6) 0.7 (0.1, 2.0) 1.2 (0.1, 3.4) 1.0 (0.2, 2.3) 1.3 (0.04, 3.4)
Vegetables, cup-eq3 2.0 (0.7, 4.3) 1.7 (0.3, 3.9) 2.1 (0.8, 5.9) 2.4 (0.7, 5.3) 2.4 (0.5, 5.9) 3.0 (1.2, 6.6)
White potatoes, cup-eq 0.4 (0.02, 0.9) 0.4 (0.1, 1.1) 0.4 (0.1, 0.7) 0.4 (0.03, 0.8) 0.5 (0.1, 1.1) 0.5 (0.1, 1.4)
Discretionary oils, g 30.5 (14.9, 44.1) 29.0 (21.0, 43.0) 27.0 (14.2, 46.4) 32.4 (16.4, 50.2) 35.8 (23.0, 63.2) 38.0 (19.0, 61.8)

1Values are presented as mean (5th, 95th percentile). Different superscripts indicate significant differences between tertiles in 1-factor ANOVA tests
using Bonferroni-adjusted α levels of 0.017 to account for 3 pairwise comparisons for each food. 1 oz meat or fish ∼28.35 g; 1 oz-eq dairy ∼245 g milk or
yogurt, ∼48 g cheese; 1 oz-eq eggs ∼1 egg; 1 oz-eq whole or refined grains ∼28.35 cooked cereals, rice, and pasta, ∼1 slice of bread, ∼1 small muffin; 1
oz-eq soy products ∼28.35 g soy nuts, ∼62.5 g tofu; 1 oz-eq legumes ∼175 g (cooked). 1 oz-eq nuts and seeds ∼14–16 g; 1 cup-eq fruit, vegetable, or
potatoes ∼ 50–250 g, depending on water content. cup-eq, cup-equivalent; MDE�, change in servings of meat, dairy, and egg products between baseline and
Lent; oz-eq, ounce-equivalent.

2Excluding fruit juice.
3Excluding white potatoes.

of −3.2% (95% CI: −5.8%, −0.6%; P = 0.02) (Figure 1).
This change was not significant at the Bonferroni-adjusted α

level, but marginal prediction models suggested that the estimated
6.6-mg/dL reduction in HDL cholesterol in the third MDE�

tertile was significant (Table 4). There was no evidence that
self-reported physical activity was significantly associated with
changes in blood lipids (data not shown).

Although BMI was not linearly associated with MDE� score,
participants in the second and third MDE� tertiles lost a
predicted 0.9 and 1.7 kg of body weight, respectively (Table
4). Adjusting for weight loss in model 2 slightly attenuated
the association between MDE� score and total cholesterol (β:
−3.2%; 95% CI: −4.8%, −1.6%; P = 0.0002) (Table 5). The
association between MDE� score and LDL cholesterol (β:
−2.8%; 95% CI: −5.2%, −0.4%; P = 0.02), on the other hand,
was no longer significant at the Bonferroni-adjusted α level when
adjusting for weight loss. At any given level of MDE reduction,
each kilogram of weight loss during Lent was associated with
an average −0.7% (95% CI: 0.2%, 1.2%; P = 0.005) change in
total blood cholesterol and an average −0.9% (95% CI: −1.6%,
−0.2%; P = 0.01) change in LDL cholesterol. Controlling for
weight loss did not alter the estimated relation between shifts in
HDL cholesterol and MDE� score.

Neither MDE� score nor weight loss were associated
with changes in other cardiometabolic health biomarkers. The

sensitivity analyses excluding individuals taking medications for
hypercholesterolemia, hypertension, or diabetes did not produce
different results (Supplemental Table 4). The findings from
model 1 and model 2 when using the FFQ data were corroborated
by the 7-d FR data (Figure 1; Supplemental Tables 5 and
Supplemental Table 6).

Hypothesis 2: Testing for modification by concurrent shifts
in calories, fish, and plant-based foods

Analyses using the FFQ data provided no evidence that the
observed reductions in total and LDL blood cholesterol were
modified by concurrent shifts in calories, fish, added sugars, oils,
or other major plant-based food categories (Table 6). There were
no significant interactions between MDE� score and calories
or plant-based foods in the BMI, body fat percentage, HDL
cholesterol, triglycerides, glucose, insulin, HOMA-IR, or CRP
models in either the analyses of the FFQ data (Supplemental
Table 7) or the FR data (Supplemental Table 8) that were
not accounted for by 1 or several influential outliers (data not
shown). Significant but antagonistic interactions arose between
MDE� score and legume intake in the total cholesterol model
and between MDE� score and whole-grain intake in the LDL
cholesterol model when using the 7-d FR data (Supplemental



728 Bethancourt et al.

FIGURE 1 Percent change in cardiometabolic health markers for each 1-serving decrease in meat, dairy, and egg (MDE) products (based on model
1).1Multiple linear regression results for the association between the change in health biomarkers and change in MDE� score [as measured by FFQs or 7-d food
records (FRs)], controlling for natural log-transformed baseline biomarker value, baseline MDE score, baseline calories, change in calories, age, sex, baseline
BMI, average metabolic equivalent values (METs), change in METs, and number of days on the MDE restricted diet at the time of the Lenten biomarker
collection. Confidence intervals are calculated using robust standard errors. 2Excluding 2 individuals with missing body fat measurements. 3Excluding 1
individual with an unreliable LDL measure at the Lenten follow-up due to triglycerides >400 mg/dL. 4Excluding 16 individuals with missing insulin measures
at 1 or both time points. 5Excluding 17 individuals with missing C-reactive protein measures or inconsistent use of anti-inflammatory medication. ∗Significant
at a Bonferroni-adjusted α level of 0.005. HOMA-IR = glucose (mg/dL) × insulin (μU/mL)/405.

Table 8), which further examination revealed may have been due
to nonlinear relations among these variables (data not shown).

Post hoc analyses

The post hoc analysis with model 2 confirmed that, given
the reductions in both LDL and HDL cholesterol, the total/HDL
cholesterol ratio did not change significantly in relation to MDE�

score (data not shown).
Regressing the change in total, LDL, and HDL cholesterol on

meat, dairy, and eggs as separate variables produced evidence
that the change in dairy largely accounted for the relation
between MDE� score and shifts in total and LDL cholesterol
(Supplemental Table 9). Each cup-eq decrease in total dairy
consumption was associated with an average −5.9% (95% CI:
−8.7%, −3.7%; P < 0.0001) change in total blood cholesterol
and a −6.7% (95% CI: −9.8%, −3.6%; P < 0.0001) change in
LDL cholesterol. Wald tests confirmed that the β-coefficients for
the effect of dairy reductions on total and LDL cholesterol were
significantly greater than those for the change in meat (P = 0.03
and 0.01, respectively) and the change in eggs (P = 0.01 and 0.02,
respectively), neither of which were independently associated
with total or LDL cholesterol. The 7-d FR data confirmed a
significant difference between the β-coefficient for meat and
dairy in the total cholesterol (P = 0.02) and LDL cholesterol
(P = 0.0005) models but did not confirm a significant difference
between the coefficients for dairy and eggs (Supplemental Table
10). There was no evidence that the effects of dairy had a greater
impact on HDL cholesterol levels than meat or eggs.

Discussion
The data from this study indicate that the decreases in

MDE consumption that some OCs in the United States make
during Lent are associated with minor reductions in total and
LDL cholesterol levels but not with changes in triglycerides,
glucose metabolism, or CRP. However, the relation between
MDE restrictions and total and LDL cholesterol appears to be
partly explained by modest weight loss during Lent. These data
were unable to provide evidence that the relation between MDE
restrictions and blood lipids was modified by concurrent shifts
in calories, fish, discretionary oils, added sugars, or other plant-
based foods.

The health implications of the current findings are not
straightforward. Blood lipids, particularly LDL cholesterol, have
been linked to cardiovascular disease risk (31, 32), and plant-
based diets have received attention for their ability to help lower
blood lipids (3, 33). Yet, it is not clear that the reductions in
LDL cholesterol observed in this study can be interpreted as
beneficial given concurrent decreases in HDL cholesterol and
lack of significant change in the total/HDL cholesterol ratio. In
fact, cholesterol ratios may better predict cardiovascular disease
risk than any single cholesterol value (34, 35). Furthermore,
reductions in saturated fat and increases in carbohydrates may
increase blood concentrations of small, dense LDL particles
(36, 37), which are more susceptible to oxidation and more
atherogenic than large buoyant LDL particles (35, 38, 39).
Thus, even if MDE restrictions were maintained, the observed
reductions in both LDL and HDL cholesterol, along with no
observed changes in other health biomarkers, suggest that the OC
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TABLE 4 Marginal (predicted) change in cardiometabolic health biomarkers across tertiles of MDE� score (n = 99)1

MDE� Tertile 1 MDE� Tertile 2 MDE� Tertile 3

Characteristic β (95% CI) P β (95% CI) P β (95% CI) P

Weight, kg − 0.2 (−0.8, 0.5) 0.65 − 0.9 (−1.6, −0.3) 0.008 − 1.7 (−2.3, −1.0) <0.0001
BMI − 0.03 (−0.3, 0.2) 0.77 − 0.3 (−0.6, −0.1) 0.009 − 0.5 (−0.8, −0.3) <0.0001
Body fat percentage2 − 0.5 (−1.2, 0.1) 0.10 − 1.1 (−1.8, −0.3) 0.006 − 1.2 (−2.2, −0.3) 0.01
Total cholesterol − 3.2 (−9.0, 2.5) 0.26 − 17.6 (−24.1, −11.2) <0.0001 − 22.0 (−28.4, −15.7) <0.0001
LDL cholesterol3 − 3.9 (−8.5, 0.6) 0.09 − 13.5 (−19.0, −7.9) <0.0001 − 14.3 (−19.4, −9.2) <0.0001
HDL cholesterol 0.03 (−2.7, 2.8) 0.98 − 3.2 (−5.8, −0.6) 0.02 − 6.6 (−9.6, −3.6) <0.0001
Triglycerides 7.6 (−11.0, 26.3) 0.42 − 6.0 (−17.2, 5.1) 0.28 − 3.7 (−18.3, 10.8) 0.61
Glucose 3.1 (−0.5, 6.8) 0.09 − 2.2 (−6.9, 2.5) 0.35 0.6 (−3.0, 4.2) 0.75
Insulin4 − 0.2 (−2.5, 2.1) 0.87 − 4.3 (−8.6, −0.1) 0.05 − 0.9 (−3.6, 1.7) 0.49
HOMA-IR4 0.1 (−0.7, 0.9) 0.78 − 1.4 (−2.7, −0.03) 0.04 − 0.2 (−1.0, 0.66) 0.68
C-reactive protein5 0.2 (−0.2, 0.6) 0.24 − 0.1 (−0.3, 0.1) 0.24 0.004 (−0.3, 0.3) 0.98

1Results of marginal predictions for change in health biomarkers within each MDE� tertile (as designated by FFQ data), controlling for natural
log-transformed baseline biomarker value, baseline MDE score, baseline calories, change in calories, age, sex, baseline BMI, average metabolic equivalent
values (METs), change in METs, and number of days on the MDE restricted diet at the time of the Lenten biomarker collection. CI, confidence interval;
MDE�, change in servings of meat, dairy, and eggs. HOMA-IR = glucose (mg/dL) × insulin (μU/mL)/405.

2Excluding 2 individuals with missing body fat measurements. Confidence intervals are calculated using robust standard errors.
3Excluding 1 individual with an unreliable LDL measure at the Lenten follow-up due to triglycerides >400 mg/dL.
4Excluding 16 individuals with missing insulin measures at 1 or both time points.
5Excluding 17 individuals with missing C-reactive protein measures or inconsistent use of anti-inflammatory medication.

practice of intermittently fasting from MDE products could have
no or only a limited benefit on long-term cardiovascular health.

The suggestion that dairy might be the animal product
driving the results of this study was unexpected. Although dairy,
particularly cheese, is a major source of saturated fat in the
typical diet in the United States (40), there has been no consistent
evidence that either full or low-fat dairy has adverse effects
on cardiometabolic disease risk factors or outcomes (41–44).
In addition, most individuals in this study reported consuming
approximately only 1 serving/2000 kcal of dairy each day
and 0.5 servings/2000 kcal of cheese. Perhaps, because meat
consumption declined across all MDE� tertiles during the study
period, the change in dairy may be what distinguishes individuals
who adhere to the OC guidelines more strictly from those who are
more selective in which foods they restrict during Lent.

Previous research (14) found that this sample of nonmonastic
OCs in the United States may not have been consuming the same
amount of fruits, vegetables, legumes, and whole grains as OCs,
particularly OC monastics, in other parts of the world (12, 13, 15,
45), and they may have been consuming more processed foods.
Notwithstanding, this OC sample experienced, on average, a 113-
kcal decrease, a 3.7-g/2000-kcal reduction in saturated fat, and a
3.8-g/2000-kcal increase in fiber in relation to each MDE serving
decrease (14). They also experienced reductions in total and LDL
blood cholesterol levels comparable to those observed among
Greek and Egyptian OCs during MDE fasting periods (10, 12,
15, 16). Other studies of OC fasting have not detected significant
changes in glucose or insulin (10, 12, 15, 16), and triglycerides
were actually higher during the MDE fast in 1 population of OC
monastics (12).

TABLE 5 Model 2: percent change in total, LDL, and HDL cholesterol in relation to a 1-serving decrease in MDE products when controlling for weight
loss (n = 99)1

Characteristic β (95% CI), % P Adjusted R2

Total cholesterol
1 serving MDE reduction − 3.2 (−4.8, −1.6) 0.00022 0.71
Weight loss, kg − 1.6 (−2.6, −0.5) 0.005

LDL cholesterol3

1 serving MDE reduction − 2.8 (−5.2, −0.4) 0.02 0.72
Weight loss, kg − 2.0 (−3.5, −0.5) 0.01

HDL cholesterol
1 serving MDE reduction − 3.2 (−5.9, −0.5) 0.02 0.78
Weight loss, kg − 0.09 (−1.6, 1.5) 0.90

1Multiple linear regression results for the association between the change in health biomarkers and change in MDE� score (as measured by FFQ),
controlling for weight change in addition to the natural log-transformed baseline biomarker value, baseline MDE score, baseline calories, change in calories,
age, sex, baseline BMI, average METs, change in METs, and number of days on the MDE restricted diet at the time of the Lenten biomarker collection.
Confidence intervals were calculated using robust standard errors. CI, confidence interval; MDE, meat, dairy, and eggs; MDE�, change in servings of meat,
dairy, and eggs; MET, metabolic equivalent value.

2Significant at a Bonferroni-adjusted α-level of 0.005.
3Excluding 1 individual with an unreliable LDL measure at the Lenten follow-up due to triglycerides >400 mg/dL.
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TABLE 6 Model 3: percent change in total and LDL cholesterol in relation to MDE� score and concurrent changes in calories, fish, and plant-based foods1

Characteristic Total cholesterol (n = 99) LDL cholesterol (n = 98)2

β (95% CI), % P β (95% CI), % P

MDE� score (1 serving reduction) − 3.7 (−5.7, −1.6) 0.001 − 3.3 (−6.0, −0.4) 0.03
Kilocalories (100-kcal decrease) − 0.2 (−1.1, 0.8) 0.72 − 0.2 (−1.5, 1.1) 0.74
Interaction 0.1 (−0.2, 0.5) 0.45 0.1 (−0.3, 0.5) 0.60

MDE� score (1 serving reduction) − 3.2 (−4.9, −1.5) 0.00033 − 2.9 (−5.5, −0.2) 0.03
Fish (1-oz increase) 2.9 (−0.5, 6.3) 0.09 1.7 (−3.5, 7.2) 0.51
Interaction term − 0.1 (−1.5, 1.3) 0.88 0.1 (−2.0, 2.2) 0.94

MDE� score (1 serving reduction) − 3.2 (−5.0, −1.3) 0.001 − 2.7 (−5.1, −0.2) 0.03
Whole grain (1-oz-eq increase) 0.5 (−2.9, 3.9) 0.78 0.9 (−3.9, 5.9) 0.72
Interaction term 0.2 (−1.1, 1.5) 0.76 0.3 (−1.6, 2.2) 0.78

MDE� score (1 serving reduction) − 3.1 (−4.8, −1.5) 0.00043 − 3.6 (−6.0, −1.2) 0.004
Refined grain (1-oz-eq increase) − 0.7 (−4.0, 2.7) 0.67 − 2.1 (−7.0, 3.1) 0.42
Interaction term 0.2 (−1.2, 1.6) 0.81 1.4 (−0.6, 3.3) 0.17

MDE� score (1 serving reduction) − 2.4 (−4.3, −0.4) 0.02 − 2.4 (−5.1, 0.4) 0.09
Legumes (1-cup-eq increase) − 7.7 (−26.3, 15.5) 0.48 − 23.9 (−46.2, 7.7) 0.12
Interaction term 0.5 (−5.7, 7.2) 0.87 8.3 (−2.3, 19.9) 0.13

MDE� score (1 serving reduction) − 2.5 (−4.2, −0.7) 0.006 − 1.6 (−4.3, 1.2) 0.27
Soy products (1-oz-eq increase) 1.7 (−5.4, 9.4) 0.64 1.2 (−11.3, 15.4) 0.86
Interaction term − 2.0 (−4.7, 0.8) 0.16 − 2.6 (−7.3, 2.3) 0.29

MDE� score (1 serving reduction) − 3.1 (−4.9, −1.2) 0.002 − 2.5 (−5.1, 0.1) 0.06
Nuts and seeds (1-oz-eq increase) 0.4 (−2.0, 2.8) 0.74 − 0.7 (−4.5, 3.2) 0.71
Interaction term − 0.2 (−1.1, 0.7) 0.65 0.2 (−1.3, 1.7) 0.80

MDE� score (1 serving reduction) − 3.0 (−5.0, −1.0) 0.004 − 3.0 (−5.5, −0.4) 0.02
Fruit and vegetables (1-cup-eq increase) − 1.0 (−3.1, 1.2) 0.36 − 2.3 (−5.1, 0.5) 0.10
Interaction term 0.2 (−0.7, 1.1) 0.69 0.8 (−0.3, 1.8) 0.15

MDE� score (1 serving reduction) − 2.5 (−4.4, −0.6) 0.01 − 2.1 (−4.7, 0.7) 0.14
Oil (10-g increase) − 0.8 (−3.8, 2.3) 0.62 − 2.9 (−7.7, 2.1) 0.25
Interaction term − 0.4 (−1.5, 0.8) 0.53 0.3 (−1.5, 2.2) 0.72

MDE� score (1 serving reduction) − 3.0 (−4.7, −1.3) 0.001 − 2.5 (−5.0, 0.0) 0.05
Added sugar (10-g increase) − 0.3 (−1.9, 1.3) 0.72 − 0.4 (−2.7, 2.0) 0.75
Interaction term − 0.1 (−0.7, 0.5) 0.78 − 0.1 (−0.9, 0.8) 0.89

1Multiple linear regression results for the association between the change in health biomarkers and change in MDE� score (as measured by FFQ),
testing for interactions between MDE� score and non-MDE foods. Models control for weight change in addition to the natural log-transformed baseline
biomarker value, baseline MDE score, baseline calories, change in calories, age, sex, baseline BMI, average METs, change in METs, and number of days on
the MDE restricted diet at time of biomarker collection. Confidence intervals were calculated using robust standard errors. CI, confidence interval; cup-eq,
cup-equivalent; MDE, meat, dairy, and eggs; MDE�, number of meat, dairy, and egg servings given up during Lent; MET, metabolic equivalent value; oz-eq,
ounce-equivalent.

2Excluding 1 individual with an unreliable LDL measure at the Lenten follow-up due to triglycerides >400 mg/dL.
3Significant at a Bonferroni-adjusted α level of 0.0005.

The results of this study also align with intervention studies
that report decreases in both LDL and HDL cholesterol (but not
triglycerides) (46) upon initiating regimented vegetarian or vegan
diets. Improvements in glucose metabolism are not consistently
observed in response to adopting a plant-based diet (47) but have
been reported in 16- to 22-wk low-fat vegan intervention trials
(9, 48). It is possible that the Lenten MDE diet and restriction
period is not long or strict enough to elicit changes in glucose
metabolism, or perhaps the current study population did not
have sufficiently elevated blood glucose or insulin prior to Lent.
However, it is also possible that ad libitum consumption of fat,
sugar, and refined grains during Lent prevented any beneficial
shifts in glucose metabolism among this study sample.

The lack of significant interactions with calories or specific
plant-based foods contrasts with evidence that even mild caloric
reduction can lead to improvements in cardiometabolic health
markers (49) and that replacing saturated fats with refined
carbohydrates can increase triglycerides (37, 50). There is
otherwise little research with which to compare our null findings.

One study reported a trend toward decreased total and LDL
blood cholesterol among a group (n = 12) randomized to a 21-
d whole-foods vegan diet but not among the comparison group
(n = 11) randomized to a vegan diet that did not restrict processed
foods (51); however, those findings could also be explained by
the lower total and LDL choleseterol levels at baseline among
the unrestricted vegan group. In the current sample, there may
have been too much variability in the foods chosen as MDE
replacements for significant interactions to be detected. Small
increases in refined grains, for example, may have minimal
impacts on biomarkers (in the short term) if also combined with
reductions in calories or small increases in healthy plant-based
foods.

In addition to limited statistical power and the variability
and complexity of concurrent dietary changes, null changes
in some health biomarkers and lack of significant interactions
could also be a consequence of the short duration of the Lenten
MDE restricted diet, daily variation in biomarkers (52–57),
and reporting errors and biases in both retrospective FFQs and
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prospective FRs (29, 58, 59). The composite measure of MDE
products does not capture differential effects that subcategories of
meat and dairy products may have on health biomarkers, and the
dietary instruments were not sensitive to variation in nutritional
quality across brands or sources (e.g., organic compared with
nonorganic) of similar food items. This study was unable to
control for any variation in genes (60, 61), gut microbiota (62),
or other biological and neurological factors that can influence
responses to dietary shifts. This study did not control for changes
in meal timing or meal frequency that could influence weight,
blood lipids, and glucose and insulin metabolism independent of
reduced MDE consumption (63). Because OCs may restrict or
alter other behaviors during Lent, this study’s findings may not
be generalizable to populations that omit MDE products from the
diet for nonreligious purposes. This study’s findings also may not
be generalizable to OC populations that realize the Lenten fasting
practice differently. Finally, this study examined only a limited
number of cardiometabolic health measures, although OC Lenten
fasts may affect other facets of health.

Limitations notwithstanding, this study contributes to the scant
literature on the health effects of Lenten dietary restrictions
practiced by OCs, presents the first quantitative data on shifts in
health biomarkers among an OC population in the United States,
and presents comprehensive analyses of the relations between
dietary and health biomarker shifts during a voluntary religious
fast from MDE products. It is one of few studies to explore how
the health effects of changing consumption of one group of foods
may depend on corresponding changes in consumption of other
food groups. Finally, the varying degrees of MDE restriction
observed in this sample offered a unique opportunity to explore
dose-response relationships.

In conclusion, this study suggests that restrictions on MDE
products made by OCs in the United States during Lent may
be associated with modest reductions in total and LDL blood
cholesterol. However, combined with potential decreases in
HDL cholesterol, these shifts may have minimal benefit on
cardiometabolic health. There was no evidence that reductions
in total or LDL cholesterol were modified by concurrent shifts in
calories, fish, or any single plant-based food group. No changes
in measures of body fat, triglycerides, glucose metabolism, or
inflammation were observed in this study during Lent. Larger
sample sizes are needed to further examine the complex changes
that occur in dietary composition and cardiometabolic health
markers, as well as long-term health outcomes, in response to the
kind of intermittent vegetarianism or veganism practiced by OCs
in the United States and worldwide.
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