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Abstract

Background: We examined the associations of cardiorespiratory fitness (CRF) and white blood cell count (WBC) with mortality outcomes.
Methods: A total of 52,056 apparently healthy adults completed a comprehensive health examination, including a maximal treadmill test and
blood chemistry analyses. CRF was categorized as high, moderate, or low by age and sex; WBC was categorized as sex-specific quartiles.
Results: During 17.8 & 9.5 years (mean + SD) of follow-up, a total of 4088 deaths occurred. When regressed jointly, significantly decreased all-
cause mortality across CRF categories was observed within each quartile of WBC in men. Within WBC Quartile 1, all-cause mortality hazard
ratios (HRs) with a 95% confidence interval (95%CI) were 1.0 (referent), 1.29 (95%CI: 1.06-1.57), and 2.03 (95%CI: 1.42-2.92) for high, moder-
ate, and low CRF categories, respectively (p for trend < 0.001). Similar trends were observed in the remaining 3 quartiles. With the exception of
cardiovascular disease (CVD) mortality within Quartile 1 (p for trend =0.743), there were also similar trends across CRF categories within WBC
quartiles in men for both CVD and cancer mortality (p for trend < 0.01 for all). For women, there were no significant trends across CRF catego-
ries for mortality outcomes within Quartiles 1—3. However, we observed significantly decreased all-cause mortality across CRF categories within
WBC Quartile 4 (HR =1.05 (95%CI: 0.76-1.44), HR =1.63 (95%CI:1.20-2.21), and HR=1.87 (95%CI:1.29-2.69) for high, moderate, and low
CREF, respectively (p for trend =0.002)). Similar trends in women were observed for CVD and cancer mortality within WBC Quartile 4 only.
Conclusion: There are strong joint associations between CRF, WBC, and all-cause, CVD, and cancer mortality in men; these associations are less
consistent in women.
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1. Introduction toxins.'' Activation of these cells eliminates pathogens and
promotes tissue repair and recovery. Under normal conditions,
once these processes are completed, the host returns to homeo-
stasis. In recent years, a condition known as systemic chronic
inflammation has been shown to be prevalent, particularly in
middle-aged and older populations. It is a persistent, low-grade
type of inflammation and has been linked to a number of mor-
bidity outcomes, such as metabolic syndrome, type 2 diabetes,
CVD, and some cancers.'!

Circulating white blood cell count (WBC) is a simple, readily
available, inexpensive, and widely used indicator of nonspecific
inflammation. Positive associations between higher WBC and
all-cause,'>"* CVD,”'*'> and cancer'®!” mortality have been
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Cardiovascular disease (CVD) and cancer have long been
the 2 leading causes of death in adults in the United States,
accounting for 859,125 and 600,920 deaths, respectively, in
2017." A low level of cardiorespiratory fitness (CRF) is well-
established as a major risk factor for all-cause,” * CVD,”’
and cancer® '’ mortality in various populations. In recent
years, inflammation has been identified as a common factor in
the etiology of these mortality risks. The normal inflammatory
response is temporary and is characterized by activation of
immune and nonimmune cells that protect the host from a vari-
ety of threats, such as bacteria, viruses, other infections, and
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older men in the Zutphen Study. The adjusted relative risk (RR)
of mortality was significantly greater for coronary heart disease
(RR=1.32) and all-cause (RR = 1.25) mortality, respectively, in
men with higher WBCs. In the National Health and Nutrition
Examination Survey (NHANES) II, Erlinger et al.'” examined
the association between WBC and cancer mortality in 7674 par-
ticipants who were followed for 16 years. The survey found a
significantly higher adjusted mortality RR of 2.23 in the highest
vs. lowest WBC quartile.

Several lifestyle-related factors have been associated with
increased levels of inflammatory markers. These include
excessive alcohol intake,'” poor diet,”’ abdominal obesity,”'**
tobacco use,”” and physical inactivity.”**> From a pharmaco-
logical perspective, aspirin,”® statins,”’ and interleukin-1@
antagonists”" have been examined for their utility relative to
decreasing inflammatory markers and, more importantly, to
decreasing various morbidity and mortality outcomes.

Although there are numerous studies regarding the associa-
tions between CRF and mortality, as well as between WBC and
mortality, there is scant evidence pertaining to the joint associa-
tions of these variables with mortality. We hypothesized that
higher levels of CRF are associated with reduced mortality risk
across the spectrum of inflammation. These types of analyses
should provide valuable additional information beyond that of
examining each exposure separately. Thus, the primary purpose
of this investigation was to examine the joint relationship of
CRF and WBC with all-cause, CVD, and cancer mortality in a
cohort of apparently healthy men and women.

2. Methods

The Cooper Center Longitudinal Study (CCLS) is a pro-
spective epidemiological study of health behaviors, health
characteristics, and chronic disease biomarkers in adult men
and women. A total of 71,712 participants were considered for
inclusion in the present study if they completed a comprehen-
sive physical examination at the Cooper Clinic in Dallas, TX,
between 1978 and 2015. Cooper Clinic patients are most often
self-referred, are referred by their primary care physicians, or
are executives referred by their companies. Prior to their
examinations, participants provided written informed consent
for the examination and for participation in the CCLS. The
CCLS undergoes annual review and approval by the Institu-
tional Review Board of The Cooper Institute.

2.1. Exclusions

Patients with previously diagnosed CVD or cancer at
baseline (n=1705), those with body mass indexes (BMIs)
< 18.5 kg/m* (n=2886), those who failed to achieve 85% of
predicted maximal heart rate during maximal treadmill exer-
cise testing (n=2277), those with abnormal electrocardiogram
(n=4958), those with an abnormal blood pressure responses
to exercise or exertional angina (n=77), those with less than 1
year of follow-up (rn=1375), those missing smoking status
(n=_8013), and those with WBC < 2000/p.L or > 12,000/p.L
(n=365) were excluded from the analyses. These exclusions
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resulted in a final analytic sample of 52,056 participants
(37,052 men and 15,004 women).

2.2. Exam procedures

Patients were advised to refrain from smoking on the day of
their examination and to refrain from physical activity (PA)
the day prior. A clinical evaluation was performed that
included an examination by a physician, blood chemistry
assessment, health history, anthropometry, resting blood pre-
ssure, and electrocardiogram, and a maximal graded treadmill
exercise test.”” All procedures were administered by trained
technicians who followed standardized measurement protocols.
Blood samples were drawn from an antecubital vein in the
early morning following a 12-h fast and then analyzed using
standard automated laboratory techniques. The key blood
chemistry component of interest was WBC, but blood glucose,
total cholesterol, high-density lipoprotein (HDL), low density
lipoprotein (LDL), and triglycerides were also measured. The
triglyceride-to-HDL ratio was calculated by dividing the tri-
glyceride value by the HDL value. Height and weight were
measured without shoes using a stadiometer and standard
physician’s scale. BMI was calculated as body weight in kilo-
grams divided by height in meters squared. Seated resting
blood pressure was acquired by using a mercury sphygmoma-
nometer following the American Heart Association protocol.
Current smoking status was obtained from a standardized ques-
tionnaire and grouped categorically for analysis (yes/no).

CRF was estimated on the basis of the duration of the physi-
cian-supervised maximal treadmill exercise test by using a
modified Balke protocol, as described previously.’’ Exercise
duration based on this protocol has been shown to correlate
closely with laboratory measures of maximal oxygen uptake
(VOamax) in men (r=0.92) and women (r=0.94)."" To stan-
dardize exercise-test performance, we computed maximal met-
abolic equivalent (MET) (1 MET = 3.5 mL O, uptake/kg body
weight/min) levels of CRF from the final treadmill speed and
grade.”” The treadmill speed and grade are calibrated on a re-
gular basis. Self-reported PA was assessed via questionnaire.
Patients were asked to provide detailed information regarding
activity mode, frequency, duration, and intensity over the pre-
vious 3 months. PA frequency and duration were used to cal-
culate the average number of minutes per week for each
reported mode of PA. The Compendium of Physical Activi-
ties™ was then used to estimate an MET value for each
reported activity. MET values were then multiplied by dura-
tion for each activity and summed across activities in order to
estimate total MET-minutes per week of PA.

2.3. Mortality surveillance

Participants were followed for mortality from the date of
their examinations to the date of death for decedents or to
December 31, 2016, for survivors. Vital status was ascertained
using the National Death Index Plus service. Outcomes
included all-cause, CVD, and cancer mortality. CVD deaths
were identified using the International Classification of Dis-
eases (ICD), the 9th and 10th Editions, Revised. CVD deaths
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were identified and ascertained wusing the ICD, the
9th revision (Codes 140—208) for deaths occurring before
1999 and 10th revision (Codes C00-C97) for deaths between
1999 and 2016. Similarly, cancer deaths were classified with
ICD-9 codes (140—239) and ICD-10 codes (C00-C97).

2.4. Statistical analysis

CRF was classified by age and sex into standard categories
based on grouped fitness categories of the CCLS overall: high
(Quintiles 4—5), moderate (Quintiles 2—3), or low (Quintile 1).”
Baseline characteristics of participants by sex were summarized
by ordered CRF category and by WBC sample quartile. Unad-
justed trends were tested using the nonparametric Jonckheere-
Terpstra method. All-cause, CVD, and cancer mortality hazard
ratios (HRs) were estimated separately for men and women by
using Cox proportional hazards regression of attained age on
joint primary exposures, adjusted for smoking, systolic blood
pressure, total cholesterol, glucose, triglyceride-to-HDL ratio,
BMI, and, in women, age > 50 years as a proxy for menopausal
status. Primary exposures included main effects and interaction
of the CRF and WBC classifications. Men and women were
modeled separately due to differences in longevity and to avoid
a number of interaction terms (e.g., sex x current smoking) that
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would have been necessary in a combined model. Using
attained age as the time scale provided tight control over the
age dependence of mortality outcomes, and provision was made
for exclusion from risk until baseline. Proportional hazards
assumptions were confirmed by testing the correlation between
weighted Schoenfeld residuals and ranked failure times. All
analyses were programmed in SAS/STAT, Version 9.4 (SAS
Institute, Cary, NC, USA).

3. Results

The age of the sample was 45.2 £ 9.5 years (mean £ SD).
Characteristics of men and women according to CRF and WBC
categories are presented in Table 1 and Table 2, respectively. For
both sexes, more favorable values were observed across ordered
CRF and WBC strata. During 17.8 & 9.5 years of follow-up, 4088
all-cause deaths occurred, including 1130 CVD and 1444 cancer
deaths. Maximal METs as well as mean PA values corresponding
to low, moderate, and high CRF categories by sex and age group
are reported in Table 3.

3.1. Mortality outcomes in men

Joint associations of CRF and WBC with adjusted all-cause,
CVD, and cancer mortality in men are presented in Fig. 1A,

Table 1
Characteristics of 37,052 men and 15,004 women according to CRF level; the Cooper Center Longitudinal Study, 1978—2016.

Low CRF (Quintile 1) Moderate CRF (Quintiles 2—3) High CRF (Quintiles 4—5) p for trend
Men n=37,052 n=4782 n=14,858 n=17,412
Age (year) 452492 44.0 £8.9 45.1+09.1 455+9.4 <0.001
BMI (kg/m?) 272+£4.0 31.5+£5.6 278+£3.5 255427 <0.001
CRF (METs) 11.6 £23 85+1.1 10.6 £ 1.1 134+ 1.8 <0.001
Physical activity (MET-min/week) 1150 + 1354 483 £ 1002 785 + 1069 1561 + 1467 <0.001
(missing 10,228)
Systolic BP (mmHg) 121.5+£12.8 1244 £ 135 121.8 £ 12.6 1204 £ 12.5 <0.001
Total cholesterol (mmol/L) 52+£1.0 54+1.1 53£1.0 5.1£1.0 <0.001
Triglyceride-to-HDL ratio 3.1£22 44427 3.5+£23 24+1.7 <0.001
Glucose (mmol/L) 5.5+£09 58+13 55+£1.0 54+£0.6 <0.001
WBC (10°/L) 6.0+£1.4 6.8+ 1.6 62+1.4 5.6+1.2 <0.001
Current smoking (n (%)) 6688 (18.1) 1349 (28.2) 3230 (21.7) 2109 (12.1) <0.001
Total number of deaths 3409 698 1495 1216
All-cause mortality rate 5.0 8.0 54 3.8
(per 1000 man-years)
Women n=15,004 n=1374 n=4613 n=9017
Age (year) 452+ 10.1 44.7+10.2 45.1+102 454+ 10.0 <0.001
BMI (kg/m?) 242 +4.6 30.1£7.0 253+4.4 22.8+3.0 <0.001
CRF (METs) 9.7+£2.0 6.6+0.9 84+£1.0 109+ 1.6 <0.001
Physical activity (MET-min/week) 1196 + 1382 464 + 908 718 £ 1114 1509 + 1445 <0.001
(missing 3709)
Systolic BP (mmHg) 112.7 £ 14.0 1172 £ 154 1135+ 14.2 111.6 £13.5 <0.001
Total cholesterol (mmol/L) 5.1+1.0 53+1.0 52+1.0 5.0+ 0.9 <0.001
Triglyceride-to-HDL ratio 1.6+13 24+1.7 1.9£1.6 1.4£0.9 <0.001
Glucose (mmol/L) 51+£0.7 54+£12 52+£0.8 51£0.6 <0.001
WBC (10°/L) 59+1.5 6.8+ 1.6 62+1.6 56+14 <0.001
Current smoking (n( %)) 1291 (8.6) 213 (15.5) 548 (11.9) 530(5.9) <0.001
Total number of deaths 679 109 265 305
All-cause mortality rate 2.8 4.5 34 2.2

(per 1000 woman-years)

Note: Variables age through WBC are presented as mean £ SD.

Abbreviations: BMI=body mass index; BP =blood pressure; CRF = cardiorespiratory fitness; HDL = high-density lipoprotein; MET =metabolic equivalent;

WBC = white blood cell count.
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Table 2
Characteristics of 37,052 men and 15,004 women according to quartiles of WBC; the Cooper Center Longitudinal Study, 1978—2016.

QI (<50x 10°L) Q2(5.0—-5.699 x 10°/L) Q3 (5.7—6.8 x 10°/L) Q4 (>6.8 x 10°/L)  p for trend
Men n=37,052 n=_8318 n=9242 n=9792 n=9700
Age (year) 452492 4554+9.0 45.1+9.1 45.14+9.2 450495 0.017
BMI (kg/m?) 2724+4.0 262133 269 +£3.7 274+4.0 283 +4.6 <0.001
CRF (METs) 11.6 £23 125+23 120+2.3 11.5+22 10.7 £ 2.1 <0.001
Physical activity (MET-min/ 1150 + 1354 1366 + 1435 1193 £ 1412 1113 £ 1336 914 + 1165 <0.001
week) (missing 6116)
Systolic BP (mmHg) 121.5+12.8 1204 £ 12.3 121.0 £ 12.6 121.8 £ 12.8 1224 +13.2 <0.001
Total cholesterol 52+1.0 51+1.0 52+£1.0 53+1.0 54+1.0 <0.001
(mmol/L)
Triglyceride-to-HDL ratio 3.1£22 23+1.7 28+21 32+£23 37+£25 <0.001
Glucose (mmol/L) 55+16.0 54+0.7 55+£0.8 55+1.0 5.6+1.0 <0.001
WBC (10°/L) 6.0+t1.4 44405 54+£0.2 62+0.3 79+ 1.1 <0.001
Current smoking (n(%)) 6688 (18.1) 904 (10.9) 1256 (13.6) 1605 (16.4) 2923 (30.1) <0.001
Total number of deaths 3049 457 630 876 1446
All-cause  mortality rate 5.0 33 3.7 4.7 7.4
(per 1000 person-years)
Women n=15,004 n=4357 n=3460 n=3493 n=3694
Age (year) 452+ 10.1 46.2 +£9.6 45.2+10.0 45.1+10.2 442 £10.6 <0.001
BMI (kg/m?) 242+ 4.6 23.0+3.4 23.8+£4.0 245+ 44 258457 <0.001
CRF (METs) 9.7+2.0 102 £2.0 9.9+2.0 9.6 £2.0 9.1£2.0 <0.001
Physical activity (MET-min/ 1196 £ 1382 1348 + 1421 1202 £ 1310 1178 £ 1530 1009 £ 1217 <0.001
week) (missing 2325)
Systolic BP (mmHg) 112.7 £ 14.0 111.7 £ 13.6 112.1 £ 13.8 113.1 £ 14.2 114.1 = 14.4 <0.001
Total cholesterol 5.1£1.0 5.1£0.9 51+£1.0 5.1£0.9 5.1£1.0 <0.001
(mmol/L)
Triglyceride-to-HDL ratio 1.6+13 1.3£09 1.5+1.1 1.7£13 21+1.8 <0.001
Glucose (mmol/L) 51+£0.7 51+0.6 51+£0.6 52407 52409 <0.001
WBC (10°/L) 59+£1.5 43405 54+£02 62+0.3 8.0+ 1.1 <0.001
Current smoking (n (%)) 1291 (8.6) 162 (3.7) 192 (5.5) 303 (8.7) 634 (17.2) <0.001
Total number of deaths 679 2.8 2.2 24 2.7 3.8
All-cause mortality rate 2.8 22 2.4 2.7 4.8

(per 1000 woman-years)

Note: Variables age through WBC are presented as mean £ SD.

Abbreviations: BMI=body mass index; BP=blood pressure; CRF = cardiorespiratory fitness; HDL = high-density lipoprotein; MET =metabolic equivalent;

WBC = white blood cell count.

1B, and 1C, respectively. For all-cause mortality (Fig. 1A), we
observed significantly higher risk across ordered CRF catego-
ries within each WBC quartile. More specifically, within
WBC Quartile 1, HR were 1.0 (referent), 1.29 (95%CI: 1.06-
1.57), and 2.03 (95%CI: 1.42-2.92) for high, moderate, and
low CRF categories, respectively. Similar trends were
observed within Quartiles 2—4 (p for trend < 0.001 for all).
With the exception of CVD mortality within Quartile 1
(p for trend=0.743), there were also similar trends across
CRF categories within all WBC quartiles in men for both
CVD (Fig. 1B) and cancer (Fig. 1C) mortality.

3.2. Mortality outcomes in women

Joint associations of CRF and WBC with adjusted all-cause,
CVD, and cancer mortality in women are presented in Fig. 1A,
1B, and 1C, respectively. For all-cause mortality (Fig. 1A), we
did not observe any significant trends across CRF categories
within WBC Quartiles 1—3. However, a significant mortality
trend was observed across CRF categories within WBC Quartile
4, with HR of 1.05 (95%CI:0.76-1.44), 1.63 (95%CI:1.20-
2.21), and 1.87 (95%CI:1.29-2.69) for high, moderate, and low
CRF, respectively (p for trend=0.002). Similarly, when

examining CVD (Fig. 1B) and cancer (Fig. 1C) mortality, a sig-
nificant trend across CRF categories was observed within WBC
Quartile 4 only (p for trend < 0.03 for both).

4. Discussion

To the authors’ knowledge, this is the first study to examine
joint associations of CRF and WBC with mortality outcomes
in both men and women. Approximately 63% of total deaths
resulted from CVD and cancer, which is consistent with
nationwide mortality data over the past few decades.’”
Although low CRF and inflammatory markers (e.g., WBC)
have been associated with increased mortality, little is known
regarding the association of CRF with mortality within various
levels of inflammation. Pletnikoff et al.’” reported on 2270
Finnish men with a mean age of 52.8 years and no cancer his-
tory at baseline. In a multivariable model, when compared to
men with normal WBC (<5.4 x 109/L) and high CRF (>30.1
mL/kg/min), those with high WBC and low CRF had a 1.85-
fold higher risk for cancer death (p < 0.01).

It is well established that CRF is associated with reduced
all-cause, CVD, and cancer mortality.z’(”x’% It has also been
established that CRF is inversely associated with inflammatory
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Table 3

Maximal MET values (upper) and MET-min per week (mean + SD; lower)
corresponding to CRF categories for men and women by age group; the
Cooper Center Longitudinal Study, 1978—2016.

Low CRF Moderate CRF High CRF
Men (year)
20-29 <10.3 10.3-12.6 >12.6

824 + 1460 1083 £ 1389 2003 + 2215
30-39 <10.3 10.3-12.6 >12.6

514 £ 785 812 £ 1014 1475 £+ 1353
40-49 <9.4 9.4-12.2 >12.2

469 + 1106 774 £ 1006 1574 £+ 1402
50-59 <85 8.5-10.8 >10.8

406 + 834 748 + 1183 1552 £ 1466
60-69 <6.7 6.7-9.4 >9.4

485 + 1374 729 £ 1019 1533 £+ 1587
70-79 <6.7 6.7-9.4 >9.4

567 £+ 706 1028 £ 1280 1853 £+ 1986
Women (year)
20-29 <8.1 8.1-10.3 >10.3

730 + 908 1007 + 1446 1906 + 1759
30-39 <8.1 8.1-10.3 >10.3

496 £ 1226 781 £ 1554 1631 + 1460
40-49 <72 7.2-9.4 >9.4

426 £ 658 707 £ 917 1506 + 1334
50-59 <6.3 6.3-8.1 >8.1

402 £ 779 627 + 854 1414 £ 1551
60-69 <5.8 5.8-7.6 >7.6

453 £997 656 + 844 1246 + 1169
70-79 <58 5.8-7.6 >7.6

739 + 800 762 £ 910 1232 £ 1133

Notes: low CRF=Quintile 1; moderate CRF=Quintiles 2-3; high
CRF = Quintiles 4—5; 1 MET = 3.5 mL O,/kg/min.
Abbreviations: CRF = cardiorespiratory fitness; MET = metabolic equivalent.

markers such as C-reactive protein (CRP), WBC, tumor necro-
sis factor, and interleukin-6.>" " A novel finding in the cur-
rent study is that with the exception noted above, moderate to
high levels of CRF provided protection from all-cause, CVD,
and cancer mortality in men within each of the WBC quartiles.
Thus, regardless of the level of inflammation present, achiev-
ing a moderate-to-high level of CRF is necessary to minimize
mortality risk in men. However, as previously mentioned,
among women this pattern of reduced mortality across CRF
categories within WBC quartiles was observed in Quartile 4
only. It is unclear why our results were not as consistent in
women as in men. One possible explanation is that body-fat
distribution patterns are different between men and women,
with the former tending to have an android (upper body) and
the latter tending to have a gynoid (lower body) fat distribu-
tion. Unfortunately, we do not have sufficient data in our sam-
ple regarding waist and hip girth to substantiate this
explanation. Using BMI as a proxy for adiposity in our sample,
the women are leaner (mean BMI=24.2 kg/mz) than the
general population of women in the United States. On the other
hand, the men’s average BMI (27.2 kg/m?) in our sample is
more representative of the general population of U.S. men.*’
These differences in adiposity status between men and women
in our sample vs. the general population, as well as hormonal
differences between men and women, may account partially
for our disparate results in men and women.
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Fig. 1. (A) All-cause mortality; (B) cardiovascular disease; and (C) cancer
mortality hazard ratios relative to low fit. White blood cell count (WBC) Quar-
tile 1, in men and women with standard error bars, referent value (dotted), and
inset fitness trend tests within WBC quartiles. Interaction p values were (A)
0.42 (men) and 0.48 (women); (B) 0.57 (men) and 0.61 (women); and (C) 0.54
(men) and 0.38 (women), supporting the hypothesis that the relationship of fit-
ness and all-cause mortality is independent of WBC (the Cooper Center Lon-
gitudinal Study (CCLS), 1978—2016).

4.1. Strategies for achieving moderate CRF

When discussing strategies for improving CREF, it is impor-
tant to distinguish PA from CRF. The former is a behavior,
whereas the latter is a biological characteristic. The correlation
between self-reported PA and objective measurement of CRF
is modest;"' both PA and CRF are independent predictors of
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mortality.*”*? Achieving at least a moderate level of CRF

should be a reasonable goal for most adults who meet the 2018
Physical Activity Guidelines for Americans;"* that is, accumu-
lating 500—1000 MET-min/week. Indeed, our data support the
notion that moderate CRF is associated with meeting these
guidelines. For example, moderate CRF in the age 40—49 cat-
egory for men and women was associated with mean values of
774 MET-min/week and 707 MET-min/week, respectively (Table 3),
which corresponds to the guideline of accumulating 500— 1000
MET-min/week. Training studies using aerobic exercise have also
resulted in significant gains in CRF. For example, in the HEalth, RIsk
factors, exercise Training And GEnetics (HERITAGE) Family
Study, ™ which included 288 inactive subjects with a mean VO, of
29 mL/kg/min at baseline, a 20-week supervised aerobic training pro-
gram resulted in an increased VO, 0of 16.3%. As an added benefit,
of the participants with metabolic syndrome at baseline, 32.7% no
longer had metabolic syndrome following the intervention. Improve-
ments in metabolic syndrome status were due most commonly to
decreased blood triglycerides and resting blood pressure. There were
no differences across sex or race with regard to the efficacy of exercise
in treating metabolic syndrome. The results from HERITAGE are
encouraging, but that study showed that there is a significant degree
(47%) of heritability of CRF and correspondingly large between-per-
son variations in response to a structured exercise training program.
All HERITAGE subjects were unfit at baseline but performed the
same exercise program and had excellent adherence; the increases in
VO,max among subjects ranged from 0 to 1000 mL/min. Additionally,
there was 2.5 times more variance between families than within fami-
lies regarding the VO,,,,x response to training, further strengthening
the evidence that genetics contribute significantly to CRF.* Thus, for
some initially low-fit individuals, meeting current PA guidelines may
not always result in reaching a moderate level of CRF. However,
independent of improvements in VO,,, it has been well established
that increased levels of PA are associated with improvement in a num-
ber of cardiometabolic risk factors, such as resting blood pressure,
blood glucose, HDL, and triglyceride levels, as well as improved insu-
lin sensitivity, and adiposity level. Therefore, PA needs to be viewed
as an extremely beneficial overall behavior and not just as a means of
improving CREF. It should also be noted that although meeting current
PA guidelines would appear to be a realistic goal for most adults, the
most recent accelerometer data from NHANES have shown that less
than 5% of men and women ages 20 and older are meeting those
guidelines.”’

In recent years, studies using high-intensity interval training
(HIIT) have shown more substantial increases in VO,,. in
persons who were physically inactive at baseline.”® A recently
published randomized controlled trial (RCT) (The Generation
100 Study) of 1567 elderly Norwegian adults evaluated the
effects of 5 years of supervised exercise training on mortality
risk.”” Participants were assigned to 2 weekly sessions of
either HIIT or moderate-intensity continuous training or to a
control group that was instructed to follow national guidelines
for physical activity. In all 3 groups, the expected age-related
decline in CRF over the 5-year period was inhibited. Peak
VO, was significantly higher in the HIIT group than in the
control group post-training. The primary outcome in the study
was all-cause mortality. Although no differences were found
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in all-cause mortality risk across groups when using the control
as the referent, HIIT was associated with a 49% reduction in
mortality risk when using the moderate-intensity continuous
training group as the referent. The authors concluded that
future guidelines for PA in older adults should include a rec-
ommendation that at least part of the PA program should
include HIIT.

In cross-sectional studies, inverse associations between CRF
and inflammation are consistent, but results from training stud-
ies have been somewhat inconsistent. The Inflammation in
Peripheral Vascular Interventions trial randomized control
trial’’ examined the effects of 4 months of aerobic exercise
training among previously inactive middle-aged adults with
elevated baseline CRP. Despite a significant improvement
(12%) in VO, in the exercise-training group as a whole,
training was associated with a reduction in CRP only in those
who lost weight and body fat. On the other hand, a study by
Milani et al.”' showed that participation in a cardiac rehabilita-
tion program was associated with a 36% reduction in CRP in
the absence of changes in body weight. However, because the
program included many components other than exercise (e.g.,
smoking cessation and dietary counseling with an emphasis on
the Mediterranean diet), it was not possible to separate out
which component(s) of the program were responsible for the
significant reduction in CRP. Thus, additional training studies
are necessary to determine whether exercise training by itself
results in favorable changes in inflammation markers.

4.2. Diet and inflammatory markers

We were unable to assess dietary intake in the current
study, but it is important to note that diet has been shown to be
associated with inflammatory markers. Whereas a high intake
of meat and heavily processed foods is associated with
increased levels of inflammatory markers and mortality,”” a
greater intake of plant-based foods is inversely associated with
these outcomes. For example, the Mediterranean-style diet
emphasizes fruits and vegetables, whole grains, and olive oil,
as well as nuts and seeds. This dietary approach was shown to
improve endothelial function and insulin resistance, as well as
the inflammatory markers of CRP and interleukin-6 over a
2-year period in 180 patients with metabolic syndrome.”
However, WBC was not measured in that study.

4.3. Randomized controlled trials regarding inflammation and
health outcomes

The association between systemic chronic inflammation
and adverse health outcomes has been well described in recent
years, but the strongest evidence has been derived from RCTs
targeting pro-inflammatory cytokines. For example, a 2015
meta-analysis of 8 RCTs using antitumor necrosis factor-a
therapy showed that reduction of antitumor necrosis factor-o
was significantly associated with increased insulin sensitivity
and decreased risk of developing Alzheimer’s disease in
patients with rheumatoid arthritis.”* Results from a double-
blind RCT using the interleukin-1-f inhibitor canakinumab in
10,061 adults with a history of myocardial infarction and
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elevated CRP levels were published in 2017. When compared
to patients treated with placebo, those who were treated with
canakinumab showed a significant reduction in CRP, along
with lower risk of nonfatal myocardial infarction, nonfatal
stroke CVD death, and unstable angina.”” Thus, it would
appear that reducing levels of inflammatory markers in those
with elevated values is significantly associated with beneficial
health outcomes. However, at this time it is not known whether
specifically targeting a reduction in WBC in patients such as
those in the current study with high-normal to mildly elevated
WBCs is beneficial. Until that issue is resolved, it seems pru-
dent to focus primarily on promoting increased levels of PA
and weight loss for individuals with low CRF and/or obesity to
reduce mortality risk.

4.4. Strengths and limitations

Among the strengths of the current study are a large and
well-characterized cohort of men and women, an extensive fol-
low-up with a relatively large number of all-cause, CVD, and
cancer deaths for analysis, and the use of objective measures
for CRF and WBC exposures. We adjusted for several con-
founders and excluded men and women with markers for pre-
existing subclinical disease that could influence mortality, i.e.,
underweight BMI status, those with very high or very low
WBCs, those with abnormal electrocardiograms or blood pres-
sure responses to exercise, as well as those with <1 year of fol-
low-up. This study also has limitations. The cohort is primarily
non-Hispanic white and from middle-to-upper socioeconomic
strata; therefore, these findings must be cautiously interpreted
when generalized to other populations. However, the homo-
geneity of the sample strengthens the internal validity by
reducing potential confounding. We also point out that the
median-estimated VO, for CCLS men and women is
very similar to the values in the NHANES study.’® For
example, the median-estimated VO,,,.x for CCLS wvs.
NHANES men in the 40- and 49-year age group is 40.1
mL/kg/min and 40.9 mL/kg/min, respectively. We also did
not have sufficient data to include medication use or die-
tary intake information in this analysis, both of which are
potential confounders. Finally, it would be interesting to
include CRP as another inflammatory exposure in this
study, but routine measurement did not begin until 1997,
which limited the available follow-up time for mortal
events.

5. Conclusion

Among men within each WBC quartile, there were inverse
associations between CRF and mortality risk, suggesting that
higher levels of CRF are protective against mortality even for
men with higher levels of inflammation. For women, our
results were not as consistent. Within WBC quartiles, we
found significant inverse joint associations between CRF and
all-cause, CVD, and cancer mortality risk among women in
Quartile 4 only. Our overall results add to a large body of
knowledge suggesting that adults undergo a measurement of
CRF per the 2016 American Heart Association Position
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Statement.”’ Adults are urged to meet the 2018 Physical Activity
Guidelines for Americans. These data also suggest that mea-
surement of WBC may have value in determining mortality
risk status, particularly in men, but also in women in the high-
normal/slightly elevated range of the WBC distribution.
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