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INTRODUCTION

Corporate wellness programs have increased in populari-
ty since the late 1970s when Johnson & Johnson live for 

life® program would become the blueprint for future corpo-
rate wellness programs [1]. Employers and researchers ob-

served a positive correlation between overall health and job 
performance. Thus employers began to offer health-related 
programs aimed at smoking cessation, stress management, 
improving nutrition and weight management, and increas-
ing cardiorespiratory fitness [2].

Cardiorespiratory fitness serves as an essential health 
parameter due to its inverse association with the incidence 
of cardiovascular disease (CVD) mortality [3] and diabetes 
[4]. In addition, low cardiorespiratory fitness is predictive 
of disability rates [5] and is positively associated with mem-
ory function [6]. Cardiorespiratory fitness decreases with 
age and is higher in males than in females [7] and varies by 
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History: Objectives: Low cardiorespiratory fitness, defined as a VO2 max below the 25th percentile for age and 
sex, is associated with greater body mass index (BMI), blood pressure, and plasma cholesterol values 
and is an independent risk factor for cardiovascular and metabolic diseases. Given that sedentarism 
has substantially increased in the U.S. population in the last 20 years and that office workers have the 
lowest cardiorespiratory fitness of the workforce, we aimed to assess the prevalence of low cardiorespi-
ratory fitness in an corporate wellness program and determine its relationship with associated comor-
bidities.

Methods: For this retrospective observational analysis demographics, height, weight, blood pressure at 
rest, plasma glucose, lipids, comorbidities, and VO2 max data was extracted from the medical records of 
199 participants attending the Executive Health Program at M Health Fairview of the University of Min-
nesota. Participants were predominantly white, middle-aged men with near-optimal blood pressure 
values.

Results: Participants with low cardiorespiratory fitness had a VO2 max [mean (range) of 28 (19.4 - 36.1) 
mL/kg/min], and was observed in 33% of all participants. Participants with low cardiorespiratory fitness 
were more likely to have higher BMI, dyslipidemia and hypertension than those in the excellent to su-
perior category of cardiorespiratory fitness, VO2 max [mean (range) 45.6 (31.8 - 61.2) mL/kg/min]. Prev-
alence of obesity (17%) was lower than in the general U.S. population, and those who were obese were 
more likely to be of low cardiorespiratory fitness. Those with low cardiorespiratory fitness had a four 
fold relative risk of belonging to the group at high risk of cardiovascular and metabolic diseases when 
compared to those with a fair to superior cardiorespiratory fitness.

Conclusions: Low cardiorespiratory fitness identified in a third of all participants, is a modifiable risk 
factor associated with risk for cardiovascular and metabolic disease, should be evaluated in executive 
health programs.
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occupation [8]. For example, fields with the highest cardi-
orespiratory fitness were observed among male construction 
workers and female construction trade workers. In contrast, 
the lowest cardiorespiratory fitness was seen in males and fe-
males who performed sedentary jobs such as farm machine 
operators, office managers, and supervisors [8]. In addition, 
individuals with lower cardiorespiratory fitness were more 
likely to have higher body mass index (BMI) and waist cir-
cumference [9], higher systolic blood pressure [9,10], plas-
ma glucose [10], triglycerides [9], total cholesterol [9,11], 
and lower levels of high-density lipoprotein cholesterol 
(HDL-C) [11]. These associations partially explain the re-
lationship between low cardiorespiratory fitness, increased 
mortality from CVD, and increased incidence of diabetes. 

The American College of Sports Medicine (ACSM) 
Guidelines for Exercise Testing and Prescription [12] iden-
tifies those with VO2 max below the 20th percentile for their 
age and sex as having very poor to poor cardiorespiratory 
fitness. This cutoff value was based on research that showed 
a two- to five-fold increase in CVD or all-cause mortality 
among individuals with VO2 max values in the lowest quar-
tile or quintile (low cardiorespiratory fitness), independent 
of other risk factors [13,14]. 

Sedentary behavior, increased among U.S. adults by 72% 
between 2001-2016 for in and outside of work activities 
[15]. Furthermore, sedentary behaviors are inversely asso-
ciated with low cardiorespiratory fitness [16], and with an 
increased risk of cardiovascular disease [17], metabolic syn-
drome [18], diabetes, cancer [18], and overall mortality [19]. 
The rising sedentary behavior among office workers [20] 
would predict that the prevalence of low cardiorespiratory 
fitness is also higher in this group of individuals. However, 
the prevalence of low cardiorespiratory fitness among office 
workers and executives from the corporate wellness pro-
grams is unknown. 

Therefore, the purposes of this paper are 1) to describe 
the prevalence of low cardiorespiratory fitness of those at-
tending a corporate wellness program, 2) to assess the asso-
ciation between cardiorespiratory fitness and levels of BMI, 
plasma glucose, lipids, blood pressure, 3) to determine if the 
prevalence of dyslipidemia and hypertension is greater in 
those with low cardiorespiratory fitness, 4) To determine the 
levels of plasma glucose and lipids, VO2 max and number 
of comorbidities by categories of BMI, and 5) to examine 
the association low cardiorespiratory fitness and the relative 
risk of being in a high-risk category for cardiovascular and 
metabolic diseases. The finding from the present study may 
highlight the importance for clinical centers of assessing car-
diorespiratory fitness as a biomarker for overall cardiovas-
cular and metabolic health.

METHODS

Research Design

This study is a retrospective observational analysis of par-

ticipants attending a corporate wellness program in the M 
Health Fairview Executive Health program at the University 
of Minnesota. An Institutional Review Board (IRB) exemp-
tion was approved by the University of Minnesota IRB com-
mittee (# 11775, 12/22/2020). Data for this analysis were ex-
tracted from electronic medical records of participants who 
had attended the Executive Health program at M Health 
Fairview between June 2016 and December 2020 and pro-
vided to us in a de-identified manner and following Health 
Insurance Portability and Accountability Act (HIPAA) reg-
ulations. Data extraction and processing were provided by 
the Clinical and Translational Science Institute (CTSI) of the 
University of Minnesota and the Data and Informatics and 
Best Practices Integrated Informatics Core (BPIC). The M 
Health Fairview Executive Health program was initiated in 
2016 with the purpose of providing single-day comprehen-
sive preventive health evaluations to busy professional from 
companies located in the Metro Twin Cities area of Minne-
apolis/Saint Paul, MN.

Participants

Participants attending the M Health Fairview Executive 
Health program self-select between the Gold and Maroon 
service. Those selecting the Gold service performed a graded 
exercise treadmill test to measure VO2 max and were pro-
vided with an exercise prescription provided by an exercise 
physiologist with at least a master's level degree. Included 
were all participants with a VO2 max flowsheet measure-
ment were identified as a Gold group members starting in 
June 2016 and no later than December 22, 2020. Inclusion 
criteria included an age range between 21 – 75 years of age, 
without limitations to perform moderate to vigorous physi-
cal activity and without overt cardiovascular disease. A total 
of 199 out of 210 participants consented to research and had 
completed at least one Executive Health Fitness Action Plan 
with a measurement of VO2 maximum (max). In addition, 
19 participants performed an exercise test during a second 
visit [mean (SD) follow-up visit 1,44 (0,51) years], but we 
decided not to publish those results because of the low num-
ber of individuals.

Measures 

Demographics: age, sex, race (whites, African American 
and Asian), self-declared ethnic group (Hispanic/Latino or 
non-Hispanic or Latino), and social history (alcohol intake, 
smoking, illegal drugs use) were reported to the nurse or 
medical assistant and documented in their medical records. 
Physician-diagnosed comorbidities were gleaned from med-
ical records. Vitals signs and anthropometrics (i.e., resting 
heart rate, systolic and diastolic blood pressure) were meas-
ured using an automated blood pressure device after 5 min-
utes of rest. Height and weight were measured following 
standard clinical procedures. Participants attended their ap-
pointment after fasting for at least 8 hours. Lab values such 
as plasma glucose and lipids (total cholesterol, low-density 
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lipoprotein-cholesterol (LDL-C), high-density lipoprotein 
(HDL-C), and triglyceride) were measured at the Fairview 
Hospital Central Laboratory. 

A graded exercise test determined VO2 max using the 
Bruce protocol [12] measured in mL of O2/kg of body 
weight/min using a metabolic cart gas analyzer Breeze Suite 
8.6. (MGC. Diagnostics, St. Paul, MN). When indicated, a 
modified Bruce protocol was utilized based on the exercise 
physiologist's judgment. Heart rate was measured continu-
ously during the VO2 max test using a Polar T31 heart rate 
monitor that connected wirelessly to the metabolic cart 
Breeze Suite. Exercise tests were terminated when partici-
pants reached volitional exhaustion (RPE ≥ 18). VO2 max 
was confirmed by respiratory exchange ratio (VCO2/VO2) > 
1.10 and a heart rate within ten bpm of the estimated maxi-
mal heart rate. The gas analyzer and flow rates were calibrat-
ed before all VO2 max testing.

Statistical Analysis 

Data were expressed as mean (SD) or percentages for con-
tinuous and categorical variables, respectively. General lin-
ear models and Chi-square tests were used to determine 
differences among groups for continuous and categorical 
variables, respectively. Age groups were formed using age 
values <, at and, > the interquartile (IQ) range. Accordingly, 
the following age categories were formed 21-42, 43-55, and 
56-75 years, respectively.

For the purpose of this study, we defined those with a VO2 
max < 25th,  ≥ 25th and < 75th and  ≥ 75th percentile for their 
age and sex as having low, fair to good, and superior to ex-
cellent cardiorespiratory fitness, respectively. Classifying in-
dividuals by percentiles instead of absolute values allows for 
comparison between individuals of different ages and sex. 

Participants were also grouped as lean, overweight, and 
obese according to categories of BMI: < 25 kg/m2, between 
≥ 25 and < 30 kg/m2, and ≥ 30 kg/m2, respectively. Dyslip-
idemia was defined as physician-diagnosed dyslipidemia or 
LDL ≥ 140 mg/dL, or HDL-C if < 40 mg/dL and male or 
< 50 mg/dL  and female or total cholesterol ≥ 240 mg/dL, 
or triglyceride ≥ 200 mg/dL. Elevated glucose ≥ 100 mg/
dL. Hypertension was defined as physician-diagnosed or 
resting blood pressure ≥ 140/90 mmHg. In this group of 
participants, physician-diagnosed comorbidities were dys-
lipidemia, hypertension, non-alcoholic liver disease, and 
diabetes. Participants were grouped as those with 0, 1, 2, or 
≥ 3 comorbidities. Because the number of participants with 
non-alcoholic hepatic steatosis and diabetes was less than 
1% of the total participants, we further grouped participants 
as hypertension, dyslipidemia, hypertension and dyslipid-
emia, or neither. 

Participants were further classified in the high risk of car-
diovascular and metabolic disease group if they had at least 
3 of the following: BMI ≥ 25 kg/m2 or elevated LDL ≥ 160 
mg/dL or low HDL-C if < 40 mg/dL and male or < 50 mg/
dL and female or glucose ≥ 100 mg/dL or triglyceride ≥ 150 
mg/dL or physician-diagnosed dyslipidemia or hyperten-

sion or blood pressure ≥ 130/85 mmHg. These risk factors 
categories were a combination of risk factors based on the 
2018 American College of Cardiology (ACC)/ American 
Heart Association (AHA) Guideline on the Treatment of 
Blood Cholesterol to Reduce Atherosclerotic Cardiovascu-
lar Risk in Adults for individuals between 40-75 years of age, 
without diabetes and with risk enhancing factors (metabolic 
syndrome) [20]. 

GENMOD was used to calculate relative risks of being 
in the high-risk group for cardiovascular and metabolic dis-
eases adjusted for smoking in those with low cardiorespira-
tory fitness compared to those with cardiorespiratory fitness 
from fair to superior. This model is not adjusted for age and 
sex, as the percentiles for cardiorespiratory fitness are based 
on age and sex. In addition, the model does not include 
race or ethnicity as this cohort is composed of 94% white 
individuals. Also, 21% and 17% of participants chose not to 
answer the question regarding ethnicity or race, respective-
ly. Furthermore, cardiovascular factors and not genetic dif-
ferences explain variations in VO2 max between whites and 
African-Americans [21]. A p-value < 0.05 was used to de-
termine statistical significance. All statistical analyses were 
performed using SAS version 9.4, Copyright I 2016 by SAS 
Institute Inc., Cary, NC, USA.

RESULTS 

Demographics 

This group of participants was represented predominant-
ly by middle-aged, white men with blood pressure values 
near-optimal range and BMI in the overweight category (See 
Table 1). The median (IQ range) for age was 48.9 (42.2 - 56.2) 
years, with 5% of participants between 22 and 36 and the top 
5% between 63-75 years. The distribution by categories of 
BMI was lean 45.2%, overweight 38.7%, and obese 16.1%. 
The comorbidities observed in this group were dyslipidemia 
(26.6%), hypertension (10%), non-alcoholic hepatic steato-
sis (1.5%), and diabetes (1.5%). Overall, 55 (27.5%) partici-

Table 1. Demographics, social history, vital signs, and level of car-
diorespiratory fitness.

Variables n = 199
Males (%) 138 (69.9)
Age, years 49.6 (9.3)
Whites (%) 148 (94.3)
Current smoking (%) 17.1
Current illegal drug use, (%) 83.9
Heart rate, bpm 65.5 (10.2)
SBP, mmHg 122.4 (12.3)
DBP, mmHg 79.1 (8.02)
BMI, kg/m2 26.6 (4.09)
VO2 max, mL/kg/min 35.8 (8.0)

Values are mean (SD). bpm = beat per minute, SBP = systolic blood 
pressure; DBP = diastolic blood pressure and BMI = body mass index.
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pants were in the high-risk category for cardiovascular and 
metabolic diseases.

Differences by Cardiorespiratory Fitness Categories

The overall mean VO2 max for the group was 35.8 mL/kg/
min. When divided by percentiles according to age and sex, 
the mean VO2 max (range) values for those in the low, fair 
to good, and excellent to superior cardiorespiratory fitness 
groups were 28 (19.4 - 36.1), 36.8 (27.6 - 46.1), and 45.6 (31.8 
- 61.2) mL/kg/min, respectively. Those in the low, fair to 
good, and excellent to superior cardiorespiratory fitness rep-
resented 33%, 46.5%, and 20.5% of all participants, respec-
tively. Cardiorespiratory fitness in mL/kg/min was greater in 
the 22-42 and 43-55 age group when compared to those old-
er than 56 years, with a mean (SD) of 38.7 (7.3), 36.8 (7.8) vs. 
30.8 (6.5) respectively, p < 0.0001 (Figure 1). There was no 
difference in mean age (SD) 51.0 (1.2), 49.0 (1.0), and 48.5 
(1.5) years between those in the low, fair to good, and excel-
lent to superior cardiorespiratory fitness groups, respective-
ly, p ≥ 0.19. Mean BMI (Figure 2) and plasma glucose levels 

were higher among individuals in the low cardiorespiratory 
fitness category than those with fair to good and excellent 
to superior cardiorespiratory fitness. Systolic blood pressure 
was lower in those with fair to good cardiorespiratory fitness 
than in those with low cardiorespiratory fitness. However, 
after statistically adjusting for BMI, neither plasma glucose 
nor systolic blood pressure differed by categories of cardio-
respiratory fitness. Cardiorespiratory fitness was not associ-
ated with diastolic blood pressure, LDL-C, HDL-C, or tri-
glycerides in this group of participants. 

Physician-diagnosed dyslipidemia combined with hyper-
tension was observed in 54.6%, 36.4%, and 9.1% of partici-
pants with low, fair to good, and excellent to superior cardio-
respiratory fitness, respectively, Chi-Square, p-value = 0.02 
(Figure 3). 

Plasma Glucose, Lipids, VO2 max, and Comorbidities by 
Categories of BMI 

Obese individuals had lower VO2 max [30.6 (1.4) vs 37.3 
(0.8) mL/kg/min] (Figure 4A), lower HDL-C [47.5 (8.7) vs. 
67.5 (19.2) mg/dL] (Figure 4B) and higher plasma glucose 
values [102 (12.3) vs. 91 (7.9) mg/dL] (Figure 4C) than lean 
individuals, respectively. Fair to good categories of cardiore-
spiratory fitness was observed in 49.5%, 39.8%, and 10.8% 
of lean, overweight, and obese individuals, respectively, Chi-
Square < 0.01, and none of the obese individuals were in the 
excellent to superior category of cardiorespiratory fitness 
(Figure 4D). Dyslipidemia and/or hypertension were ob-
served in 31% of participants. The presence of either of these 
two comorbidities was less prevalent in lean individuals 
(23.1%), increasing to 34.2% and 46.9% in the overweight 
and the obese categories, respectively, Chi-Square = 0.01 
(Figure 5). 

Risk of Cardiovascular and Metabolic Disease 

A higher percentage of individuals with low cardiorespira-
tory fitness were in the high-risk category for cardiovascular 

Figure 1. Cardiorespiratory fitness in VO2 max by age category
Values are mean (SD). * indicates p values < 0.001 compared to age catego-
ries 21-42 and  43-55 years.

Figure 2. Body mass index (BMI) values by categories of cardiorespira-
tory fitness
Values are mean (SD). * indicate p < 0.001 compared to those with low 
cardiorespiratory fitness.

Figure 3. Percentage of participants with or without physician-diag-
nosed dyslipidemia and/or hypertension by categories of VO2 max
Comorbidities 0 = neither dyslipidemia nor HTA, 1 = either dyslipidemia 
or HTA and 2 indicate both dyslipidemia or HTA. HTA = hypertension. 
Chi-Square = 0.02.

*
*

*
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and metabolic diseases than those with fair to good and ex-
cellent to superior cardiorespiratory fitness, 42.2%, 24.7%, 
and 9.8%, Chi-Square p = 0.001 (Figure 6). Those with low 
cardiorespiratory fitness had a four-fold relative risk of being 
in the high-risk category for cardiovascular and metabolic 
disease than those in the fair to superior cardiorespiratory 
fitness category, unadjusted and adjusted models, p = 0.02, 
(See Table 2). Including race and ethnicity in the model gave 
a relative risk (95% CI) of 3.17 (0.95, 10.6), p = 0.06.

DISCUSSION

We have identified that a third of all participants in an exec-
utive health program had a VO2 max below the 25th percen-

tile for their age and sex (i.e., low cardiorespiratory fitness). 
Participants in the low cardiorespiratory fitness category 
were more likely to be obese and have dyslipidemia and/or 
hypertension than those with fair to superior  cardiorespira-
tory fitness. Furthermore, those with low cardiorespiratory 
fitness were four-fold more likely to be in the high-risk cat-
egory for cardiovascular and metabolic diseases than those 
with fair to superior cardiorespiratory fitness. Interestingly, 
the percentage of participants who were obese is less than 
the proportion of obese individuals in the general popula-
tion of the United States [22]. This study was able to identify 
a group of individuals who should be specifically targeted 
to offer personalized strategies to improve cardiorespiratory 
fitness to decrease their risk of cardiovascular and metabolic 
diseases.

Figure 4. Values of VO2 max (A), HDL-C (B) and plasma glucose (C), and percent of individuals with low and moderate to high VO2 max (D) 
by categories of BMI
Categories of BMI lean, overweight and obese = BMI < 25, between ≥25 and <30 and ≥ 30 kg/m2, respectively. Plasma glucose and HDL-C val-
ues are mean (SD). * Indicates p < 0.001 compared to lean

(A) (B)

(C) (D)

Figure 5. Percent of individuals with dyslipidemia/hypertension by cat-
egories of BMI
Categories of BMI lean, overweight and obese = BMI < 25, between ≥25 
and <30 and ≥ 30 kg/m2, respectively. BMI = body mass index amd HTA = 
hypertension.

Figure 6. Percent of individuals in the high and low-risk categories of 
cardiovascular and metabolic disease by categories of VO2 max
High risk = at least 3 of the following: elevated LDL ≥ 140 mg/dL, or total 
cholesterol ≥ 240 mg/dL, or glucose ≥ 126 mg/dL, or triglyceride 200 mg/
dL, or BMI ≥ 25 kg/m2, or physician diagnosed dyslipidemia or hyperten-
sion or systolic/diastolic blood pressure ≥ 140/90 mmHg

*

*

*
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Cross-sectional associations between cardiorespiratory 
fitness and cardiovascular and metabolic variables were re-
ported using data from the National Health and Nutrition 
Examination Survey (NHANES) between 1999-2002 [23]. 
This group reported that 13.9% of adults (approximately 8.5 
million US adults) had low cardiorespiratory fitness, defined 
as an estimated VO2 max below the 20th percentile for age 
and sex, according to the Aerobic Center Longitudinal Study. 
Similar to our results, this study also found associations be-
tween low cardiorespiratory fitness and the odds of param-
eters related to metabolic syndrome. The lower prevalence 
of low cardiorespiratory fitness in the study by Carnethon et 
al. [23] when compared to ours, is the stricter definition that 
they used to classify individuals with low cardiorespiratory 
fitness. In addition, our population was composed of older 
individuals who performed sedentary jobs. In contrast, the 
NHANES cohort represents the general population of the 
United States. 

The low prevalence of obesity in this group of participants 
is clinically encouraging as obesity is an independent risk 
factor for cardiovascular disease, diabetes, cancer, osteoar-
throsis, and all-cause mortality [24]. However, as the risks 
of cardiovascular disease and all-cause mortality associated 
with obesity are modified by cardiorespiratory fitness [25], 
being in the lean category should be evaluated in the context 
of the level of VO2 max. Blair et al. published the first re-
port showing that obese fit individuals had a similar risk for 
CVD mortality as lean unfit individuals, thus suggesting that 
cardiorespiratory fitness was more important than BMI to 
predict CVD and all-cause mortality [26]. This initial report 
has been corroborated in a meta-analysis and review arti-
cle showing that the association between cardiorespiratory 
fitness and cardiovascular mortality is independent of BMI 
[27]. In this study, 20% of lean individuals were in the low 
cardiorespiratory fitness category. Thus, by BMI standards, 
these individuals were in the low-risk category for cardio-
vascular and metabolic diseases but in the high-risk catego-
ry when classified by cardiorespiratory fitness. 

One important reason for improving cardiorespiratory 
fitness is to build reserve capacity between the VO2 required 
for activities of daily living and VO2 max. Activities of daily 
living required a VO2 between 14-17 mL/kg/min [28]. When 
participants with low cardiorespiratory fitness incurred in 
activities of daily living, they worked at a VO2 that was be-
tween 47% to 87.6% of their maximal cardiorespiratory ca-

pacity, meaning that for some, even activities of daily living 
represented high-intensity activities. Furthermore, as VO2 
max decreases by about 10% per decade [29], a point can be 
reached during the aging process when an individual VO2 
max falls below the level required for activities of daily liv-
ing and can render an individual incapable of living inde-
pendently.

Although the HERITAGE Family study estimated that 
VO2 max is up to 50% genetic [30], interventions to increase 
cardiorespiratory fitness through exercise training programs 
can induce an average increase in VO2 max between 15.9%-
20.3% in previously sedentary adults [7]. Similarly, a 24 % 
increase in cardiorespiratory fitness was reported among a 
group of previously sedentary older men and women who 
participated in a 9-12 month endurance exercise training 
program [31]. Furthermore, a meta-analysis of workplace 
physical activity interventions showed participants in cor-
porate exercise programs obtained a mean effect size in 
cardiorespiratory fitness corresponding to an increase in 
VO2 max of 3.5 mL/kg /min [32]. In our study, this would 
have resulted in a 9.8% increase in VO2 max. In addition, 
this study found that increases in cardiorespiratory capaci-
ty were accompanied by decreases in plasma lipids, glucose, 
and BMI [32], supporting the beneficial role of corporate 
wellness programs on cardiorespiratory fitness, glucose, lip-
id metabolism, and body weight. 

As low cardiorespiratory fitness is a modifiable risk factor 
for cardiovascular and metabolic diseases, wellness programs 
should include VO2 max assessment as part of their standard 
clinical practice [33]. Measurement of VO2 max should also 
be accompanied by submaximal cardiorespiratory parame-
ters such as ventilatory threshold (VT), heart rate, and rate 
of perceived exertion (RPE) at VT. In sedentary individuals, 
VT is at the VO2 required for activities of daily living, ~17 
mL/kg/min, the VO2 at which they perform most of their 
physical activities [34]. Therefore, measuring and recording 
VT provides a quantifiable variable that identifies whether 
an individual is sedentary or endurance trained. As car-
diorespiratory fitness is a modifiable risk factor, corporate 
wellness programs should incorporate efficient strategies to 
increase adherence and obtain the long-term cardiovascular 
and metabolic benefits of exercise training programs.

A major strength of this study is that all data was gath-
ered following the same standardized protocol from the 
program's start. The main limitation of this analysis is its 

Table 2. Relative risk of being in the high-risk category of cardiovascular and metabolic risk factors between those in the fair to superior cardiore-
spiratory fitness vs. those in the low cardiorespiratory fitness category.

Relative risk (95% CI)
P-values

Fair to superior cardiorespiratory fitness Low  cardiorespiratory fitness
Model 1 1.00 (Ref) 4.19 (1.31, 13.4) 0.02
Model 2 1.00 (Ref) 4.07 (1.28, 12.0) 0.02

Values are relative risk (95% CI). Fair to superior cardiorespiratory fitness have a VO2 max ≥ 25th percentile for age and sex and low cardiorespiratory 
fitness have a VO2 max < 25th percentile for age and sex. Model 1 unadjusted. Model 2 adjusted for smoking. High risk = at least 3 of the following: elevat-
ed LDL ≥ 140 mg/dL, or total cholesterol ≥ 240 mg/dL, or glucose ≥ 126 mg/dL, or triglyceride 200 mg/dL, or BMI ≥ 25 kg/m2, or physician diagnosed 
dyslipidemia or hypertension or systolic/diastolic blood pressure ≥ 140/90 mmHg. 
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observational design, small sample size, subtotal participa-
tion, and selection bias, as some individuals opted out of 
exercise testing. Nevertheless, as program volumes grow, we 
anticipate accumulating longitudinal data that will include 
percent body fat and free fat mass and submaximal exercise 
parameters.

CONCLUSIONS 

Low cardiorespiratory fitness is a modifiable risk factor 
present in about one-third of participants attending this ex-
ecutive wellness program. Low cardiorespiratory fitness in-
creases the risk of hypertension, dyslipidemia, obesity, and 
elevated plasma glucose values. Therefore, as a modifiable 
risk factor, efforts should be made to develop effective strate-
gies to improve cardiorespiratory fitness through supervised 
exercise among individuals with low cardiorespiratory fit-
ness.

ACKNOWLEDGEMENTS

Research reported in this publication was supported by 
the National Center for Advancing Translational Sciences 
of the National Institutes of Health Award Number UL1-
TR002494. The content is solely the responsibility of the au-
thors and does not necessarily represent the official views of 
the National Institutes of Health. Special thanks to Nicole 
Duginski, Executive Health Program Coordinator, MHealth 
Fairview, Executive Health Clinic.

Conflicts of Interest

The authors declare no conflict of interest.

REFERENCES

1. Isaac F. A role for private industry: comments on the 
Johnson & Johnson's wellness program. Am J Prev Med. 
2013; 44(1):S30-S33. 

2. Chenoweth DH. Worksite health promotion. Cham-
paign, IL: Human Kinetics. 1998.

3. Ezzatvar Y, Izquierdo M, Nunez J, Calatayud J, 
Ramirez-Velez R, Garcia-Hermoso A. Cardiorespira-
tory fitness measured with cardiopulmonary exercise 
testing and mortality in patients with cardiovascular 
disease: A systematic review and meta-analysis. J Sport 
Health Sci. 2021; 10(6):609-619. 

4. Tarp J, Stole AP, Blond K, Grontved A. Cardiorespirato-
ry fitness, muscular strength and risk of type 2 diabetes: 
a systematic review and meta-analysis. Diabetologia. 
2019; 62(7):1129-1142. 

5. Liu W, Leong DP, Hu B, et al. The association of grip 
strength with cardiovascular diseases and all-cause 

mortality in people with hypertension: Findings from 
the Prospective Urban Rural Epidemiology China 
Study. J Sport Health Sci. 2021; 10(6):629-636. 

6. Rigdon B, Loprinzi PD. The association of cardiorespi-
ratory fitness on memory function: Systematic review. 
Medicina (Mex). 2019; 55(5):127. 

7. Skinner JS, Jaskolski A, Jaskolska A, et al. Age, sex, race, 
initial fitness, and response to training: the HERITAGE 
Family Study. J Appl Physiol (1985). 2001; 90(5):1770-
1776. 

8. Lewis JE, Clark JD, 3rd, LeBlanc WG, et al. Cardiovas-
cular fitness levels among American workers. J Occup 
Environ Med. 2011; 53(10):1115-1121. 

9. Strauss M, Foshag P, Jehn U, Brzek A, Littwitz H, Leis-
chik R. Higher cardiorespiratory fitness is strongly asso-
ciated with lower cardiovascular risk factors in firefight-
ers: a cross-sectional study in a German fire brigade. Sci 
Rep. 2021; 11(1):2445. 

10. Kim TN, Park MS, Kim YJ, et al. Association of low 
muscle mass and combined low muscle mass and vis-
ceral obesity with low cardiorespiratory fitness. PLoS 
One. 2014; 9(6):e100118. 

11. Arsenault BJ, Lachance D, Lemieux I, et al. Visceral adi-
pose tissue accumulation, cardiorespiratory fitness, and 
features of the metabolic syndrome. Arch Intern Med. 
2007; 167(14):1518-1525. 

12. Riebe D. Clinical Exercise Testing and Interpretation. 
In: Riebe D, ed. ACSM's guidelines for exercise testing 
and prescription. 10 ed. Philadelphia, PA: Wolters Klu-
ver Health; 2018:66-110.

13. Balady GJ, Berra KA, Golding LA, et al. General prin-
ciples of exercise prescription. In: Franklin BA, ed. 
ACSM's Guidelines for Exercise Testing and Prescrip-
tion. 6 ed. Philadelphia: Lippincott Williams & Wilkins; 
2000:135-161.

14. Myers J, Prakash M, Froelicher V, Do D, Partington 
S, Atwood JE. Exercise capacity and mortality among 
men referred for exercise testing. N Engl J Med. 2002; 
346(11):793-801. 

15. Yang L, Cao C, Kantor ED, et al. Trends in Sedentary 
Behavior Among the US Population, 2001-2016. JAMA. 
2019; 321(16):1587-1597. 

16. Herdy AH, Uhlendorf D. Reference values for cardi-
opulmonary exercise testing for sedentary and active 
men and women. Arq Bras Cardiol. 2011; 96(1):54-59. 

17. Biswas A, Oh PI, Faulkner GE, et al. Sedentary time and 
its association with risk for disease incidence, mortality, 
and hospitalization in adults: a systematic review and 
meta-analysis. Ann Intern Med. 2015; 162(2):123-132. 

18. Wilmot EG, Edwardson CL, Achana FA, et al. Seden-
tary time in adults and the association with diabetes, 
cardiovascular disease and death: systematic review and 
meta-analysis. Diabetologia. 2012; 55(11):2895-2905. 

19. Patterson R, McNamara E, Tainio M, et al. Sedentary 
behaviour and risk of all-cause, cardiovascular and can-
cer mortality, and incident type 2 diabetes: a systematic 
review and dose response meta-analysis. Eur J Epidemi-



Exercise Medicine  |  8 

Exercise Medicine 2022; 6:5 | https://doi.org/10.26644/em.2022.005

ol. 2018; 33(9):811-829. 
20. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA Guideline on the Management of 
Blood Cholesterol: A Report of the American College of 
Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol. 2019; 
73(24):e285-e350. 

21. Roy JL, Hunter GR, Fernandez JR, et al. Cardiovascular 
factors explain genetic background differences in VO-
2max. Am J Hum Biol. 2006; 18(4):454-460. 

22. Adult Obesity in Minnesota 2018. Secondary. 2019.
23. Carnethon MR, Gulati M, Greenland P. Prevalence and 

cardiovascular disease correlates of low cardiorespi-
ratory fitness in adolescents and adults. JAMA. 2005; 
294(23):2981-2988. 

24. Pi-Sunyer X. The medical risks of obesity. Postgrad 
Med. 2009; 121(6):21-33. 

25. Barry VW, Baruth M, Beets MW, Durstine JL, Liu J, 
Blair SN. Fitness vs. fatness on all-cause mortality: a 
meta-analysis. Prog Cardiovasc Dis. 2014; 56(4):382-
390. 

26. Blair SN, Kohl HW, 3rd, Paffenbarger RS, Jr., Clark 
DG, Cooper KH, Gibbons LW. Physical fitness and all-
cause mortality. A prospective study of healthy men and 
women. JAMA. 1989; 262(17):2395-2401. 

27. Gaesser GA, Angadi SS. Obesity treatment: Weight loss 
versus increasing fitness and physical activity for reduc-

ing health risks. iScience. 2021; 24(10):102995. 
28. Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 

Compendium of Physical Activities: a second update 
of codes and MET values. Med Sci Sports Exerc. 2011; 
43(8):1575-1581. 

29. Hawkins S, Wiswell R. Rate and mechanism of maximal 
oxygen consumption decline with aging: implications 
for exercise training. Sports Med. 2003; 33(12):877-888. 

30. Bouchard C, Daw EW, Rice T, et al. Familial resem-
blance for VO2max in the sedentary state: the HER-
ITAGE family study. Med Sci Sports Exerc. 1998; 
30(2):252-258. 

31. Kohrt WM, Malley MT, Coggan AR, et al. Effects of 
gender, age, and fitness level on response of VO2max 
to training in 60-71 yr olds. J Appl Physiol (1985). 1991; 
71(5):2004-2011.

32. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL. 
Meta-analysis of workplace physical activity interven-
tions. Am J Prev Med. 2009; 37(4):330-339.

33. Ross R, Blair SN, Arena R, et al. Importance of Assess-
ing Cardiorespiratory Fitness in Clinical Practice: A 
Case for Fitness as a Clinical Vital Sign: A Scientific 
Statement From the American Heart Association. Cir-
culation. 2016; 134(24):e653-e699.

34. Gaskill SE, Walker AJ, Serfass RA, et al. Changes in ven-
tilatory threshold with exercise training in a sedentary 
population: the HERITAGE Family Study. Int J Sports 
Med. 2001; 22(8):586-592.


	Cardiovascular Fitness and Associated Comorbidities in An Executive Health Program
	ABSTRACT
	INTRODUCTION
	METHODS
	Research Design
	Participants
	Measures
	Statistical Analysis

	RESULTS
	Demographics
	Differences by Cardiorespiratory Fitness Categories
	Plasma Glucose, Lipids, VO2 max, and Comorbidities byCategories of BMI
	Risk of Cardiovascular and Metabolic Disease

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	Conflicts of Interest
	REFERENCES


