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A B S T R A C T   

Background: Some individuals adopt vegetarian or plant-based diets to improve their health. Observational ev-
idence suggests diets composed of higher amounts of animal-source foods (ASFs) are associated with increased 
risk for disease and early mortality. In many of these studies, those who ate fewer animal-source foods reported 
fewer disease risk factors and unhealthy behaviors, which could indicate bias. 
Purpose: This study aims to examine the relationships between ASF consumption, health behaviors, and car-
diovascular disease (CVD) prevalence in a population-representative sample of U.S. civilians controlling for 
confounders. 
Methods: Respondent data were collected from the National Health and Nutrition Examination Survey (NHANES) 
2013–2016 collection years. Collected data included demographics, ASF intake, healthy lifestyle variables, body 
mass index, and blood lipids. 
Results: There was a higher proportion of those with CVD history who consumed red meat (61.3%; C.I. 41.7%– 
77.8%), but the proportion was lower for white (23.3%; C.I. 12.6%–39.0%) and processed meat (15.4%; C.I. 
6.5%–32.3%). When adjusted for sex, the odds of CVD history increased for red meat compared to processed 
meat consumption (OR 2.95; C.I. 1.14–7.66). Unhealthy lifestyle increased the odds of CVD history by nearly 8- 
fold (OR 7.8; C.I. 3.44–17.7). Individual factors including age, smoking history, body mass index, and blood 
lipids, and demographic factors, including education level, race, and income, were also associated with increased 
odds for CVD history. ROC analysis revealed 77.2% AUC for CVD history classified by individual factors (BMI 
≥30 kg/m**2, ≤ 30 min moderate physical activity, smoker, fiber intake ≤25 g, dental visit more than two years 
ago, and age above 60 years). Three or more factors moderately predicted CVD history when optimized for 
sensitivity (73.4%) and specificity (71%). Adjusted for sex, the relationship between CVD and moderate physical 
activity became stronger possibly reflecting lifestyle changes. Despite evidence of lifestyle changes, modifiable 
risk factors persisted in the CVD group. CVD diagnosis in males was substantially delayed compared to females 
concerning the sex-specific age cutoff associated with higher risk. The healthy lifestyle group was characterized 
by earlier CVD diagnosis and fewer overall risk factors compared to the unhealthy lifestyle group. 
Conclusion: CVD history was strongly associated with demographic, lifestyle, and dietary factors. Future research 
should focus on multidimensional models for disease risk stratification and prevention, including individual, 
behavioral, and sociodemographic factors.   

Differing views exist on the optimal diet for disease prevention and 
management because of the complex nature of nutrient-disease in-
teractions and the challenges in studying causal relationships between 
diet and health outcomes. Cardiovascular disease (CVD) is a global 

health issue, and poor nutrition is cited as a risk factor by the Centers for 
Disease Control and Prevention (CDC) [1]. Since there is a lack of 
consensus on the optimal ratios and sources of carbohydrates, fats, and 
proteins, consensus recommendations often refer to interventional and 
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observational evidence of specific dietary patterns associated with bet-
ter health outcomes [2,3]. Although randomized controlled trials (RCTs) 
are considered the gold standard for evidence on the efficacy of a 
treatment, generalizability is a concern due to sample characteristics 
and highly regulated interventions that may be different from the lived 
experience [4]. Epidemiology researchers use observational approaches 
to study the effects of environmental exposures on health outcomes in a 
population. The results from these studies are often used to address 
public health issues through published recommendations and preven-
tion initiatives [4,5]. However, confounding is a common source of bias 
in observational studies that create significant evidentiary gaps, making 
it difficult for researchers to draw inferences for a population [6–8]. 

There is growing interest in adopting vegetarian, plant-based, or 
vegan diets for health purposes [9]. Some evidence supports the health- 
promoting benefits of decreased overall protein intake and intake of 
protein and fats from plant-based sources rather than animal sources 
[43]. Levine et al. (2014) observed the lowest mortality risk from dia-
betes, but not all-cause mortality, cancer, or CVD in a U.S. population- 
representative sample for those consuming under 10% of total energy 
from protein [10]. Several studies suggest that dietary substitutions of 
plant protein for animal protein, plant protein for carbohydrates, or 
protein and monounsaturated fat for carbohydrates are associated with 
reduced cardiovascular disease mortality, improved blood markers of 
disease, or a reduced risk of developing coronary disease over a 10-year 
period [11–13]. Carbohydrate intakes higher than 40% but lower than 
55% of total energy containing higher fiber content are associated with a 
longer lifespan and reduced coronary artery disease and Type 2 diabetes 
risk [13–15]. Red and processed meat is associated with a higher risk for 
colorectal, lung, esophageal, and gastric cancers and ischemic CVD, 
while white meat is associated with lower incidence and mortality from 
CVD, cancer and stroke [16–18]. In contrast to these findings, clinical 
trials on low-carbohydrate diets, which contain relatively higher pro-
portions of animal source foods (ASFs), have demonstrated significant 
improvements in CVD and Type 2 diabetes risk factors in obese subjects 
and diabetics, respectively [19,20,23]. 

Despite the differences in the methodological approaches of inter-
ventional and observational studies and the inherent weaknesses in 
these designs, corroboration is important for generalizability and 
consensus recommendations. Recently, observational studies regarding 
the associations between red meat, disease, and mortality have been 
criticized for low certainty or weak association as a basis for providing 
recommendations [21]. Some observational studies finding positive 
associations of disease and mortality with higher ASF consumption 
report attenuated associations after adjustment for covariates such as 
body mass index (BMI), blood markers of disease, and health behaviors 
[11,17]. In many observational studies, ASF-eaters were more likely to 
have more disease risk factors or unhealthy characteristics such as 
higher BMI, increased caloric consumption, increased smoking, 
increased alcohol consumption, lower physical activity, diabetes, fewer 
lipid-lowering drugs, and lower education [14,16,22–25]. This may be 
evidence of healthy lifestyle bias that confounds the causal inference 
that ASFs contribute to disease [8]. This notion is supported by Cramer 
et al. (2017), who observed healthier lifestyles in vegetarians versus 
non-vegetarians in a population-representative sample [9]. Other 
studies have found that diets higher in white meat, fish, and eggs are 
associated with lower disease incidence and mortality risk than pro-
cessed and unprocessed meat [16–18]. Healthier overall behavior may 
be associated with consuming more plant foods or non-red meat sources 
of animal protein due to the widely-promoted recommendation to avoid 
excess red meat consumption, and therefore, better health outcomes 
than those eating higher proportions of ASFs would be expected. If this is 
the case, the evidence used to undergird recommendations to reduce the 
consumption of ASFs for the prevention and management of disease 
should be questioned. 

Observational studies that ameliorate biases are warranted to 
improve evidence-based nutritional recommendations [6]. Obesity, 

smoking, and other health behaviors are modifiable risk factors for 
chronic disease often clustered within individuals increasing the likeli-
hood of adverse health outcomes [26–31]. To check for healthy lifestyle 
bias and analyze other factors in conjunction with diet that contribute to 
health outcomes, a multifactorial causal model should be used to inform 
analyses of essential exposures or antecedents of certain health out-
comes [8]. To the authors’ knowledge, no recent studies have used U.S. 
population-representative data to investigate the association of ASF 
consumption and CVD that considers the interaction of health behaviors. 
First, the association between ASFs and CVD history using continuous 
National Health and Nutrition Examination Survey (NHANES) data will 
be analyzed. Next, sample characteristics and health behaviors associ-
ated with CVD history will be analyzed adjusting for confounding 
factors. 

Methods 

Survey data was extracted from the continuous NHANES (from 2013 
to 2016), a population-representative survey of non-institutionalized U. 
S. civilians. NHANES utilizes a multistage sampling design to account for 
unequal selection probabilities, non-response, and reference population 
proportion adjustments which improve the accuracy of population es-
timates. Since the sample was drawn from several primary sampling 
units and multiple strata, using statistical analyses that assume simple 
random sampling would produce erroneous variances. The authors used 
the Complex Samples package from SPSS Statistical Software (29.0), 
which allows for variance adjustments from sampling units and strata 
using linear approximation [45]. Per NHANES guidance, a 4-year sam-
ple weight was created from the 2-year weights for each collection year 
[33,45]. Sample characteristics were compared across demographic 
groups, health behavior groups, and those with and without CVD (Ap-
pendix A). 

Individual food intakes and frequencies were collected using 
NHANES 24-h dietary recall questionnaires administered by trained 
interviewers [34]. Total nutrient intakes were collected as well as cal-
ories from all ASFs which were summed for each respondent (Appendix 
B). Incident CVD of all types, ICD-10 codes, prescription medications, 
years on medication, and age of first diagnosis were collected or used to 
created several variables for the analysis (Appendix A & C). In addition 
to basic lipid values, lipid ratios including LDL-C to apolipoprotein B 
ratio (LDL:APOB) and total cholesterol (TC) to HDL-C ratio (TC:HDL) 
were computed due to their association with CVD mortality [46]. 
Finally, several variables related to healthy lifestyle including BMI, 
smoking, alcohol consumption, physical activity, dental visit frequency, 
fiber intake, and doctor-recommended lifestyle changes were included 
in the analysis. 

Data analysis 

All statistical analyses were conducted using IBM SPSS Statistics 
(29.0). Data analyses were performed using the Complex Samples 
function, which provided population estimates from the sample weights, 
masked variance pseudo-PSU, and masked variance pseudo-stratum 
variables. Conventionally, the mean and standard errors were used to 
describe variable parameters. The sample was split into quartiles (Q) of 
ASF calories to total calories ratio (ASF:TCAL) to check for potential 
dose-dependent associations. Descriptive parameter estimates were 
compared by sex, race/ethnicity, CVD disease status, age group, meat 
intake groups, and healthy lifestyle status. An unhealthy lifestyle was 
determined from established relationships with CVD including BMI ≥30 
kg/m2, ≤ 30 min moderate physical activity, smoking, fiber intake <25 
g, dental visit more than two years ago (as a proxy for engaging in other 
health behaviors). Chi-square analysis was used to calculate associations 
of CVD history across specific risk factors, quartiles of ASF consumption, 
meat type intake, sex, race/ethnicity, age group, education level, and 
healthy lifestyle factors. A directed acyclic graph (DAG) was used to 
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identify sex as a confounding variable for adjustment in the analysis 
(Fig. 1). Multinominal logistic regression was used to analyze relation-
ships with CVD for categorical and continuous variables with and 
without adjustment for sex. Principle component analysis (PCA), which 
included all healthy lifestyle variables, was used to validate important 
predictors of CVD history. To test the sensitivity and specificity of these 
factors to predict CVD history, receiver operating characteristic (ROC) 
analysis was conducted. 

Results 

Data from 20,129 respondents were included in the analysis. The 
estimated proportion of respondents with CVD history was 5.4%. 
Overall, males had higher mean nutrient intakes, LDL-C, APOB, tri-
glycerides, total moderate and vigorous PA, total calories from ASFs, 
and TC:HDL compared to females (Table S1). Females had higher mean 
TC, HDL-C, and slightly higher disease years. On average, those with at 
least one CVD condition were more than twice the age of those without 
CVD and had higher BMI, sedentary minutes, moderate PA minutes, TC: 
HDL, triglycerides, kcals/g of ASF, and cigarettes per day (Table S2). 
Compared to those without CVD, those with CVD had lower mean 
nutrient intakes, income, HDL-C, LDL-C, LDL:APOB, and vigorous PA. 
BMI, blood lipids except for LDL:APOB, moderate PA, TC:HDL, income, 
ASF:TCAL, and smoking frequency were highest in the middle two 
(40–49, 50–59) age groups and lower in the lowest (20-39) and highest 
(60 and over) age groups (Table S3). Mean values for alcohol con-
sumption, LDL:APOB, total energy, total moderate PA, and TC:HDL were 
lowest in the 60 and over age group. Mean values were highest for 
sedentary time, disease years, total number of CVD conditions, and HDL- 
C in the 60 and older age group. An average of nearly 70% of total 
calories came from ASFs for those in Q4, with the lowest mean age of all 
quartiles (Table S4). Mean values were also lowest in Q4 for total en-
ergy, carbohydrate, fiber, sugar, income, HDL-C, TC, and CVD 

conditions. However, triglycerides, total moderate and vigorous PA, and 
TC:HDL were highest for those in Q4. 

Compared to the healthy group, the unhealthy group had higher 
mean values for age, LDL-C, total energy, triglycerides, TC:HDL, and 
years on medication yet were lower for fiber, income, HDL-C, TC, LDL: 
APOB, and disease years (Table S6). No moderate PA was found for 
those selected to the unhealthy group. On average, males with CVD had 
more conditions, lower HDL-C, higher triglycerides, and higher TC:HDL 
than females despite similar age, substantially higher PA, and lower 
LDL-C, TC, and LDL:APOB (Table S8). 

Compared to those consuming white and processed meat, red meat 
eaters were older, had more heart conditions, lower HDL-C, higher LDL- 
C, lower overall PA, higher TC:HDL, and smoked more, yet had the 
lowest number of disease years (Table S7). 

Chi-square analysis showed proportional differences in demographic 
characteristics for those with at least one CVD condition, including age 
group, race/ethnicity, and education level. In the 60 and older age 
group, 24% (C.I. 20.6% - 27.9%) had at least one CVD condition 
compared to 9% (C.I. 6.1%–13.2%), 3.6% (C.I. 2.0%–6.4%), and 1.2% 
(C.I. 0.6%–2.3%) in the 50–59, 40–49, and 20–39 age groups, respec-
tively (Table 1). Non-Hispanic Black (6.2%; C.I. 4.5–8.5) followed by 
Non-Hispanic White (5.5% C.I. 4.3%–7.0%) groups had the highest 
proportion with CVD history. Except for those in the 9–11 grade cate-
gory, the proportion of those with CVD decreased as education level 
increased. Q2 of ASF intake had the highest proportion of those with 
CVD history at 7.4% (C.I. 5.4%–10.1%), followed by Q3 at 6.2% (C.I. 
4.0%–9.5%). The odds ratio confidence intervals for all quartiles crossed 
1 indicating no association (Table 2a). Adjustment for sex did not 
meaningfully change the relationship between quartiles of ASF:TCAL 
and CVD history. (See Table 2b.) 

Multivariate chi-square analysis showed an association between CVD 
history and meat type (χ2 = 8.00 [Table S10]), yet, there was no asso-
ciation between unhealthy lifestyle and meat type (χ2 = 0.32 

Fig. 1. Directed Acyclic Graph of Factors Associated with CVD. 
Note: The directed acyclic graph shows direct and indirect relationships between exposure variables and CVD history. 
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[Table S11]). The proportion of those with CVD in the red meat group 
was 61.3%, compared to 23.35% in the white meat group and 15.4% in 
the processed meat group. 

Bivariate chi-square analysis showed proportional differences in in-
dividual characteristics for those with at least one CVD condition 
including obesity (OR 3.18; C.I. 2.11–4.8), the use of at least one pre-
scription medication (OR 25.43; C.I. 13.28–48.68), engaging in 30 min 
of physical activity at a moderate intensity, (OR 0.169; C.I. 
0.034–0.834) at least one dental visit within the past two years (OR 
0.38; C.I. 0.26–0.551), being told by their doctor to change lifestyle (OR 
5.20; C.I. 3.85–7.02), and consuming at least 25 g fiber per day (OR 
0.48; C.I. 0.275–0.848)(Table 3). There was no association between sex 
and CVD history (OR 0.87C.I. 0.608–1.24). Of those selected for un-
healthy lifestyle, 44.1% were on medication at the time of the survey 
(OR 3.004; C.I. 1.5–6.0)(Table S9). The percentage of males (82.3%) 
with CVD on medication was lower than females (87.7%). There was no 
association between current smoking and CVD history (OR 0.63; C.I. 
0.375–1.05). However, former smokers were over 3 times as likely to 
have a history of CVD (OR 3.30; C.I. 2.15–5.07). 

Univariate logistic regression showed noteworthy relationships for 
predictors of CVD history include age (10-year increase, OR 2.31; C.I. 
2.09–2.55), education level less than 9th grade (OR 2.40C.I. 1.44–4.01), 
a high school graduate/GED or equivalent (2.007; C.I. 1.31–3.08), Black 
(OR 3.51; C.I. 2.2–5.58) and White (OR 3.09; C.I. 1.94–4.9) race/ 
ethnicity, and poverty level index between 1.3 and 1.85 (OR 2.05; C.I. 
1.29–3.27) (Table 4). 

Adjusted for sex, associations of CVD decreased for age 

(10-year increase; OR 0.43; C.I. 0.38–0.48), increased 
for total moderate PA (90-min increase; OR 1.51; C.I. 
1.12–2.03), and attenuated for minimum moderate physical 
activity (OR 0.40; C.I. 0.161–1.001) (Table 5). Compared 
to processed meat, the relationship between red meat and 

CVD became meaningful after adjustment for sex (OR 2.950; 

C.I. 1.14–7.66). There was no association between meat 
type intake and sex (χ2 = 2.63 [Table S12]). 

Principle component analysis showed CVD factors loaded onto three 
components (Tables 6a-c). For component 1, the highest factor loadings 
were dental visits (r = 0.645) and smoking status (r = 0.802). This 
component may represent overall health behaviors. For the second 
principal component, the variable with the highest factor loading was 
obesity status (r = 0.843). This component may represent body 
composition or weight-related factors. For the third principal compo-
nent, the variable with the highest factor loading was minimum mod-
erate PA to be considered active (r = 0.718). This component may 
represent physical activity levels. (See Tables 6b and 6c.) 

ROC analysis revealed an area under the curve of 77.2% [C.I. 75% - 

Table 1 
Chi-Square Analysis for Demographic Factors.  

Variable (unweighted count) ≥ 1 CVD 
condition    

95% Confidence 
Interval 

Weighted % Lower Upper 

Sex    
Male (n = 3324) 181(5.7) 4.8 6.8 
Female (n = 3216) 124(5) 3.8 6.6 

Age Group    
20–39 (n = 1051) 11(1.2) 0.6 2.3 
40–49 (n = 511) 23(3.6) 2 6.4 
50–59(n = 459) 40(9) 6.1 13.2 
60 and above (n = 869) 224(24) 20.6 27.9 

Race/Ethnicity   
Mexican American (n = 1243) 25(1.8) 1.3 2.5 
Other Hispanic (n = 679) 22(2.3) 1.5 3.3 
Non-Hispanic White (n = 1473) 77(5.5) 4.3 7 
Non-Hispanic Black (n = 1327) 72(6.2) 4.5 8.4 
Non-Hispanic Asian (n = 639) 15(2.8) 1.5 5.1 

Education Level Adults 20+
Less than 9th grade (n = 371) 52(13) 9.2 18 
9-11th grade (Includes 12th grade with 
no diploma) (n = 413) 

41(9) 6.1 13.2 

High school graduate/GED or equivalent 
(n = 622)    
Some college or AA degree(n = 847) 78(11.1) 8.2 14.7 
College graduate or above(n = 655) 78(7.8) 5.6 10.7  

54(5.8) 4.4 7.8 

Note: Table shows estimates of population proportions with at least one CVD 
condition by demographic group. 

Table 2a 
Logistic Regression Analysis With & Without Adjustment for Sex.    

Without adjustment 95% Confidence Interval With adjustment 95% Confidence Interval  

Odds Ratio Lower Upper Odds Ratio Lower Upper 

Quartiles of ASF:TCAL ratio†

1 1.114 0.541 2.296 1.122 0.545 2.311 
2 1.863 0.983 3.531 1.871 0.986 3.548 
3 1.540 0.783 3.030 1.543 0.782 3.043 

Note: Table shows odd ratios for CVD history in each quartile of ASF:TCAL intake. † reference category = Q4. 

Table 2b 
Chi-Square Analysis for Quartiles of ASF Kcal Ratio.   

≥ 1 CVD condition 95% Confidence Interval 

Variable (unweighted count) Weighted % Lower Upper 

Quartiles ASF Kcal ratio 

1 (n = 944) 42(4.6) 2.8 7.3 
2 (n = 881) 62(7.4) 5.4 10.1 
3 (n = 847) 46(6.2) 4 9.5 
4 (n = 1134) 35(4.1) 4.5 7 

Note: Table shows estimates of population proportions with at least one CVD 
condition by quartile of ASF:TCAL. 

Table 3 
Chi-Square Analysis for CVD Characteristic Factors.     

95% Confidence 
Interval 

Variable (unweighted count) Weighted % OR Lower Upper 

Current smoker (n = 170) 39.2 0.63 0.375 1.05 
Former smoker (n = 305) 29.2 3.30 2.15 5.07 
Obese (n = 305) 50.9 3.18 2.11 4.8 
≥ 1 Rx (n = 147) 

Males (n = 70) 
Females (n = 55) 

84.7 
82.3 
87.7 

25.43 13.28 48.68 

Told by dr. to change lifestyle (n =
305) 

64.4 5.197 3.85 7.02 

Unhealthy lifestyle  7.808 3.44 17.7 
(n = 54) 28.1 
Males (n = 10) 28.8 
Females (n = 5) 27.0 

Minimum moderate PA (n = 305) 1.0 0.169 0.034 0.834 
Female (n = 124) 45.5 0.87 0.608 1.24 
Dental visit within last 2 yrs. (n = 271) 45.9 0.38 0.26 0.551 
≥ 25 g/day fiber (n = 303) 4.0 0.48 0.275 0.848 

Note: Table shows the percentages and odds ratios of those with at least one CVD 
condition selected for each factor. 
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80%] for the number of characteristic factors classifying CVD (Fig. 2; 
Table 7). Optimized for sensitivity (73.4%) and specificity (71%), any 
combination of 3 factors predicted CVD status. 

Discussion 

There were two main objectives of this study. The first objective was 
to determine the 

association between ASFs and CVD in a population-representative 
sample of non-institutionalized U.S. civilians controlling for confound-
ing factors. The second objective was analyzing the relationship 

between sample characteristics, health behaviors, and CVD history. The 
analysis showed that age, race, education, smoking history, and income 
was associated with CVD history, which aligns with previous studies and 
well-established health determinants [11,17,25,40,42,44]. 

Quartiles of ASF were not associated with CVD history. However, in 
contrast to previous studies, red meat consumption was associated with 
CVD history only when adjusted for sex [11,14,16,17,22–24]. Given that 
the largest proportion of the sample was in the red meat category, it is 
plausible that this category would also contain the highest proportion of 
those with CVD. Furthermore, characteristic profiles of those selected to 
the unhealthy category and the red meat category were similar. The 
analysis also showed that an unhealthy lifestyle was associated with an 
8-fold increase in odds for CVD history and that 3 or more factors pre-
dicted CVD history with moderately high sensitivity, albeit relatively 
low specificity. 

Remarkably, when adjustments for sex were made, odds for CVD 
history increased for each 90-min increase in moderate PA, which sug-
gests implementation of secondary prevention efforts. These changes in 
odds with adjustment may be explained by marked differences in the 
CVD profiles between males and females [41]. Males had lower mean 
years on medication and mean male age at first CVD diagnosis was 55.1 
years compared to the cutoff of 45 years associated with increased CVD 
risk [47]. In contrast, the mean age at first CVD diagnosis in females was 
53.8 years compared to the risk cutoff of 55 years. This speaks to 
possible latent CVD or advanced disease progression before treatment in 
males. 

There are some tangential observations worth noting. First, some 
variable estimates associated with CVD history or unhealthy lifestyle 
were paradoxical. For example, lipid concentrations, moderate physical 
activity, and total nutrient intakes were improved in the CVD group. 
This is likely due to a high proportion of CVD patients reporting taking 
prescription medication related to cardiovascular or metabolic condi-
tions (84.7%) and getting recommendations from their doctor to change 
their lifestyle (64.4%), in addition to possible self-motivated lifestyle 
changes. However, despite lifestyle changes and medication, markers 
associated with increased CVD risk, including higher TC:HDL, higher 
triglycerides, and lower HDL-C persisted despite lower TC, lower LDL-C, 
and lower LDL:APOB. 

Also notable, current smoker status was not associated with CVD 
history, yet, former smoker status was associated with an over 3-fold 
increase in odds for CVD history. Sinha et al. reported residual con-
founding evidenced by higher CVD mortality risk for higher white meat 
intake in former smokers but lower risk for processed meat intake in 
never smokers [25]. Coincidentally, the proportion of those with CVD 
was lowest in the processed meat category, likely due to common CVD 
recommendations including avoiding processed meat. Q2 of ASF:TCAL 
had the highest proportion of those with CVD history (7.4%). Compar-
ative descriptive analysis of Q2 showed mean age was highest, lipid 
profiles were reflective of higher risk, physical activity was lowest, and 
smoking frequency was highest. Revealingly, the mean number of dis-
ease years was lower in the unhealthy group (7.94 yrs. vs. 10.76 yrs.) 

Table 4 
Logistic Regression Analysis Without Adjustment for Sex.  

Variable Units of Change Odds 
Ratio 

95% Confidence 
Interval 

Lower Upper 

Age in years at screening 10 2.306 2.086 2.549 
Smoking years 10 1.58 1.262 1.984 
Body Mass Index (kg/ 

m**2) 
1 1.071 1.053 1.089 

Total moderate PA 
(mins/day) 

10 1.046 1.016 1.078 

Avg # alcoholic drinks/ 
day - past 12 mos 

1 0.862 0.678 1.096 

≥30 mins/day, mod 
intensity 

Not selected † 0.169 0.034 0.834 

Minutes sedentary 
activity 

90 1.106 1.014 1.205 

Direct HDL-Cholesterol 
(mg/dL) 

10 0.850 0.743 0.974 

Triglyceride (mg/dL) 10 1.029 1.008 1.050 
LDL-cholesterol (mg/dL) 10 0.882 0.804 0.969 
Food Types red meat vs. white 

meat†
1.979 0.895 4.375 

processed meat† vs. 
white meat 

0.677 0.246 1.860 

≤ 25 g/day fiber Not selected† 2.070 1.179 3.636 
Unhealthy lifestyle Not selected † 7.808 3.444 17.700 
Education Level Adults 

20+
Less than 9th grade 2.404 1.440 4.013 
9-11th grade 1.598 0.924 2.764 
High school graduate/ 
GED or equivalent 

2.007 1.307 3.081 

Some college or AA 
degree 

1.368 0.852 2.195 

Race/Ethnicity Other Hispanic 1.235 0.718 2.123 
Non-Hispanic White 3.087 1.941 4.908 
Non-Hispanic Black 3.505 2.201 5.582 
Non-Hispanic Asian 1.526 0.694 3.357 

Family monthly poverty 
level category 

≤ 1.30 vs. > 1.85† 1.312 0.885 1.944 
1.30 ≤ 1.85† vs. >
1.85†

2.054 1.292 3.266 

Note: † indicates reference category. Odds ratios for the dependent variable: ≥ 1 
CVD condition. Reference categories: education level = college graduate or 
above; race/ethnicity = Mexican American. 

Table 5 
Logistic Regression Analysis With Adjustment for Sex.  

Units of Change Odds 
Ratio 

95% Confidence 
Interval 

Lower Upper 

Age in years at 
screening 10 0.429 0.384 0.478 

Total moderate PA 
(mins/day) 90 1.509 1.121 2.032 

≥30 mins/day, mod 
intensity Not selected † 0.402 0.161 1.001 

Food Types 
red meat vs. processed 
meat† 2.950 1.136 7.662 

Note: † indicates reference category. Odds ratios for the dependent variable: ≥ 1 
CVD condition. Gender was fixed at female. 

Table 6a 
Component Matrix.   

Component 

1 2 3 

Dental Visits ≤ 2 years 0.645 − 0.179 0.346 
Normal BMI − 0.065 0.843 0.226 
Non Smoker 0.802 − 0.106 0.058 
<60 yrs. old − 0.652 − 0.490 0.136 
Fiber >25 g/day − 0.035 0.334 − 0.599 
Min mod PA to be considered active − 0.260 0.201 0.718 

Note: Extraction method: principal component analysis; only cases for ≥1 CVD 
condition are used in the analysis phase. Table values refer to the correlation 
coefficient between each CVD factor and each component. 
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despite higher mean age and more years on medication than the healthy 
group (4.7 yrs. vs. 5.8 yrs.). This may be due to better disease man-
agement via earlier diagnosis, compliance with doctor-recommended 
changes, or otherwise beneficial lifestyle changes for those in the 
healthy group. 

Supporting our claim regarding methodological issues in dietary 
studies, Vega-López and Lichtenstein (2005) noted the inconsistencies 
between the findings of interventional and observational studies 
comparing the effects of plant-based protein and animal-based protein 
on plasma lipids and lipoprotein markers [35]. The authors concluded 
that based on interventional studies, plant-based protein offered no 
additional benefit on blood markers. In light of this, the protective effect 
of plant-based protein reported in observational studies was not un-
derstood. Some observational studies report changes in disease risk with 
isocaloric substitutions of one nutrient type for another. This statistical 
procedure is problematic because it only considers nutrient values, 
decoupling lifestyle characteristics from risk estimates. 

Some evidence suggests saturated fatty acid intake is car-
dioprotective. In a randomized crossover intervention in overweight 
post-menopausal women, isocaloric substitutions of carbohydrates with 
cheese and meat were associated with higher HDL-C and lower 
atherogenic blood lipid concentrations [37]. In Japan, a proposed cause 
for decreased cerebrovascular disease is the gradual increase in ASFs 
intake resulting in higher saturated fat intake [38]. Nilsson et al. (2012) 
observed reduced CVD mortality in diabetic men on a low carbohydrate 
high protein diet composed of mostly animal protein and animal fats 
compared to low carbohydrate diets with higher plant protein after 
adjustment for BMI, smoking, education, sedentary lifestyle, alcohol 
intake, total energy, and saturated fat [36]. However, the results were 
not similar in women with diabetes. 

Interestingly, the current study found that males and females with 
CVD had similar macronutrient intake ratios despite females having 
higher TC and LDL-C but higher HDL-C and lower TC:HDL than males. 
Men had suboptimal HDL-C and triglycerides, which may be due to 
higher alcohol consumption [48]. Supporting low-carbohydrate inter-
ventional studies, the healthy group consumed relatively more protein 
(+3%) and fewer carbohydrates despite a similar percentage of calories 
from fat (~36%). Levine et al. (2014) reported lower mortality in re-
spondents over age 65 that consumed relatively more protein, which 
may indicate a protective effect [10]. 

Clinical relevance 

The American College of Sports Medicine, American College of 
Cardiology, and the American Heart Association have made commend-
able efforts to develop evidence-based practice guidelines for reducing 
CVD risk. These efforts have brought much-needed attention to the vital 

Table 6b 
Total Variance Explained.  

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % Total 

1 1.557 25.957 25.957 1.557 25.957 25.957 1.543 
2 1.145 19.083 45.040 1.145 19.083 45.040 1.143 
3 1.067 17.783 62.823 1.067 17.783 62.823 1.093 
4 0.945 15.747 78.570     
5 0.717 11.945 90.515     
6 0.569 9.485 100.000     

Note: Only cases for ≥1 CVD condition were used in the analysis. 

Table 6c 
PCA Correlation Matrix.   

Min mod PA to be considered active Normal BMI < 60 yrs Non- Smoker Dental Visits ≤ 2 years Fiber ≥25 g/day 

Min mod PA to be considered active 1.000 0.098 0.110 − 0.092 0.010 − 0.022 
Normal BMI 0.098 1.000 − 0.158 − 0.096 − 0.057 0.014 
< 60 yrs. old 0.110 − 0.158 1.000 − 0.315 − 0.146 − 0.058 
Non-Smoker − 0.092 − 0.096 − 0.315 1.000 0.326 − 0.036 
Dental Visit ≤ 2 years 0.010 − 0.057 − 0.146 0.326 1.000 − 0.051 
Fiber ≥25 g/day − 0.022 0.014 − 0.058 − 0.036 − 0.051 1.000 

Note: Only cases for ≥1 CVD condition were included in the analysis. Table values refer to the correlation coefficient between each CVD factor. 

Fig. 2. ROC Curve of CVD Conditions By the Number of Predictors.  

Table 7 
Area Under the ROC Curve.   

Area Std. Error Asymptotic 95% Confidence Interval 

Unweighted n Lower Bound Upper Bound 

305 0.772 0.013 0.746 0.798 

Test Result Variable(s): # of CVD predictors. 
Note: Table shows AUC for the number of CVD factors and selection to the ≥1 
CVD condition group. CVD predictors included BMI ≥30 kg/m**2, ≤ 30 min 
moderate physical activity, smoker, fiber intake <25 g, dental visit >2 years ago, 
and age above 60 years. 
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role of lifestyle choices in achieving this aim [2,50]. Given the profound 
effect of health behaviors on CVD history, clinical prevention efforts 
should continue to focus on PA, weight management, smoking cessation, 
and preventive care. In the current study, over 64% of CVD patients 
were counseled to make lifestyle changes by their doctor relating to PA 
and diet. Despite this, those with long-standing CVD were obese with 
suboptimal lipid profiles. Studies on the efficacy of lifestyle counseling 
by clinicians cite several barriers including a lack of PA counseling 
training, time barriers, and lack of reimbursement [51]. Likewise, pa-
tient barriers such as lack of time, resources, and social support hinder 
health behavior adherence. Therefore, counseling strategies should be 
customized to individual characteristics and specific milieu. However, 
socioeconomic and demographic factors such as income, sex, and edu-
cation have a differential effect on health behavior adherence which 
may be more challenging to address at the interpersonal level of influ-
ence [52]. 

Limitations 

There are several limitations to this study. First, due to the obser-
vational design of this study, causal inferences about the relationship 
between ASFs and CVD could not be made. The most important limi-
tation is using data from a 24-h dietary recall as a proxy for long-term 
dietary habits. Since only nutrient intake values from one day were 
used, it is uncertain whether respondents’ habitual dietary intake was 
adequately reflected. However, associations between meat type and 
CVD were similar to previous studies. Next, the estimated population 
proportion of those with CVD history should not be taken as a true es-
timate of CVD prevalence because physician diagnoses were self- 
reported. 

The current analysis is different from the many prospective analyses 
mentioned in the literature review due to our retrospective analysis of 
NHANES data. Conventionally, prospective analyses are used to prevent 
reverse causality attribution. However, this study demonstrated an 
inexorable link between unhealthy lifestyle and CVD history. Although 
it could be argued that consumption of certain food types for the years 
preceding CVD diagnosis may have been causal, it would be impossible 
to isolate the effects of individual nutrients/foods on CVD. Moreover, it 
would be inappropriate to disregard other health factors, given their 

strong associations with CVD. Another major limitation of this study is 
the lack of genetic predisposing factors, which substantially raise risk 
[49]. Future research should focus on the interactions of predisposing 
genetic, sex, demographic, and behavioral risk factors to differentiate 
CVD risk in the population. 

Conclusion 

It appears red meat consumption but not overall ASF consumption is 
a plausible surrogate for an unhealthy lifestyle and that certain risk 
factors remain prevalent in those with CVD, despite evidence of lifestyle 
change. More research is needed on the dietary, genetic, sex, and so-
cioeconomic determinants of CVD and on training for healthcare pro-
fessionals related to health behavior counseling. 
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Appendix A. Variables included in analysis  

Variable Type Variable Label 

Demographics Education level - Adults 20+
Family monthly poverty level category 
Ratio of family income to poverty 
Gender 
Age in years at screening 
Race/Hispanic origin w/ NH Asian 

Body Measures Body Mass Index (kg/m**2) 
Obese BMI* 

Animal source 
foods 

USDA food code 
Carbohydrate (gm) 
Dietary fiber (gm) 
Energy (kcal) 
Protein (gm) 
Total sugars (gm) 
Total fat (gm) 
Total kcals from animal foods* 
Total grams from animal foods* 
Ratio of total kcals from ASF to total daily kcals* 
Quartile of ASF kcals to total daily kcals* 
Kcals per gram of ASF* 
Food type groups* 

Blood Lipids Direct HDL-Cholesterol (mg/dl) 
LDL-cholesterol (mg/dl) 
Apolipoprotein (B) (mg/dl) 

(continued on next page) 
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(continued ) 

Variable Type Variable Label 

Total Cholesterol (mg/dl) 
Triglyceride (mg/dl) 
LDL/Apo b ratio* 
Total cholesterol to HDL ratio* 

Health Behaviors ≥ 25 g/day fiber* 
Dr. recommended lifestyle change* 
Avg # alcoholic drinks/day - past 12 mos 
Minutes vigorous-intensity work 
Minutes moderate-intensity work 
Minutes walk/bicycle for transportation 
Minutes vigorous recreational activities 
Minutes moderate recreational activities 
Total moderate PA* 
Total vigorous PA* 
Min moderate PA to be considered active* 
Min vigorous PA to be considered active* 
Minimum of moderate PA to be considered active* 
When did you last visit a dentist 
Dental visit within the last 2 years 
Do you now smoke cigarettes 
Avg # cigarettes/day during past 30 days 
Selected for healthy lifestyle (BMI ≥30 kg/m**2, ≤ 30 min moderate physical activity, smoker, fiber intake ≤25 g, dental visit >2 years ago)* 

Medical History Ever told had congestive heart failure 
Ever told you had coronary heart disease 
Ever told you had angina/angina pectoris 
Ever told you had heart attack 
Ever told you had a stroke 
Age when told you had heart failure 
Age when told had coronary heart disease 
Age when told you had angina pectoris 
Age when told you had heart attack 
Age when told you had a stroke 
Any Rx for metabolic diseases* 
Years on medication* 
Disease years* 
Age when diagnosed with first CVD condition* 
Selected for heart disease factors (BMI ≥30 kg/m**2, ≤30 min moderate physical activity, smoker, fiber intake ≤25 g, dental visit >2 years ago, and age above 
60 years.)* 
# of heart disease factors* 

Note: *indicates ad-hoc variable. 

Appendix B. Food categories & groups  

WWEIA Food Category Food Description Food Group 

2002 Beef, excludes ground Red meat 
2004 Ground beef 
2006 Pork 
2008 Lamb, goat, game 
2010 Liver and organ meats 
2602 Cold cuts and cured meats Processed meat 
2604 Bacon 
2606 Frankfurters 
2608 Sausages 
2202 Chicken, whole pieces White meat 
2204 Chicken patties, nuggets and tenders 
2206 Turkey, duck, other poultry 
2402 Fish 
2404 Shellfish  

Appendix C. ICD-10 codes selected/present associated with prescription medications  

Prevent blood clots 
Hypothyroidism, unspecified 
Autoimmune thyroiditis 
Disorder of thyroid, unspecified 
Type 1 diabetes mellitus 
Type 2 diabetes mellitus 
Type 2 diabetes mellitus with kidney complications 
Type 2 diabetes mellitus with neurological complications 
Pure hypercholesterolemia 

(continued on next page) 
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(continued ) 

Prevent high cholesterol 
Pure hyperglyceridemia 
Essential (primary) hypertension 
Prevent hypertension 
Angina pectoris, unspecified 
ST elevation (STEMI) and non-ST elevation (NSTEMI) myocardial infarction 
Prevent heart attack/myocardial infarction 
Pulmonary embolism 
Unspecified atrial fibrillation and atrial flutter 
Cardiac arrhythmia, unspecified 
Heart failure, unspecified 
Heart disease, unspecified 
Prevent heart disease 
Cerebral infarction 
Prevent stroke 
Atherosclerosis 
Phlebitis and thrombophlebitis of lower extremities, unspecified 
Unspecified disorder of circulatory system 
Abnormalities of heart beat 
Chest pain, unspecified 
Other specified symptoms and signs involving the circulatory and respiratory systems 
Elevated blood glucose level 
Presence of cardiac and vascular implants and grafts 
Prevent diabetic kidney disease 
Prevent diabetes 
Hyperglycemia, unspecified 
Long term (current) use of antithrombotics/antiplatelets 

Note: Table includes ICD-10 codes present in the total dataset of those that were preselected. 

Appendix D. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.gloepi.2023.100112. 
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