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ABSTRACT

Background and Objectives: Cardiorespiratory fitness (CRF) ameliorates the increased risk
of cardiovascular disease and mortality attributed to various risk factors. It is unclear whether
the cardioprotective effects of CRF extend to attenuating the mortality risk associated with
metabolic syndrome (MetS), which comprises a cluster of cardiometabolic risk factors. The
purpose of this study was to examine the individual and joint associations of CRF and MetS
with the risk of all-cause mortality and cardiovascular mortality.

Methods: This prospective study was based on a general population sample of 1,711 men

in the Kuopio Ischemic Heart Disease cohort study. MetS was defined using the National
Cholesterol Education Program criteria. CRF was directly measured as peak oxygen uptake
during maximal exercise testing.

Results: During a median of 26 years follow-up, 799 all-cause mortality and 376
cardiovascular mortality events occurred. Men with MetS had a 41% increased risk of all-
cause mortality and 76% increased risk of cardiovascular mortality in multivariable analysis,
while men with upper levels of CRF demonstrated a 41% and 50% decreased risk of all-cause
mortality and cardiovascular mortality, respectively, following adjustment for potential
confounders. For the joint associations of MetS and CRF with the risk of outcomes, fit with
MetS were at increased risks of death (all-cause mortality, hazard ratio [HR], 1.73; 95%
confidence interval [CI], 1.42-2.11; cardiovascular mortality, HR, 2.29; 95% CI, 1.71-3.07)
compared with fit without MetS.

Conclusions: Although these results suggest that MetS and CRF were each independently
associated with the risk of death, the latter did not eliminate the heightened risk of death
associated with the former.
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INTRODUCTION

Though several definitions exist, metabolic syndrome (MetS) is defined by a clustering of
selected risk factors, including glucose intolerance, central obesity, high blood pressure,
elevated serum triglycerides (TGs), and low high-density lipoprotein cholesterol (HDL-C).!
The prevalence of MetS varies from 10 to 40%, or even higher, depending on the population
and definition of MetS.>* There is consistent evidence showing that MetS is associated with
an increased risk of developing type 2 diabetes, cardiovascular disease (CVD) and mortality."?

Cardiorespiratory fitness (CRF) is a physiological biomarker of cardiopulmonary and
muscular system integrity, that is reflective of physical activity behaviors.* Higher CRF levels
are associated with a lower prevalence or incidence of MetS.* In addition, higher CRF levels
are strongly associated with a lower risk of all-cause mortality (ACM) and cardiovascular
mortality (CVM) in approximately healthy populations.®” Furthermore, CRF is a more
powerful predictor of CVD than traditional risk factors, while moderate to high levels of CRF
has a protective or modifiable effect on mortality risk in individuals with specific disease or
high-risk individuals, including those with obesity, smokers, hypertension, dyslipidemia,
and diabetes.®" These studies implicate the role of high CRF in attenuating or eliminating
the detrimental effects of established risk factors. However, it remains unclear whether the
cardioprotective effects of high CRF extend to attenuating the risk of death in individuals
with MetS comprising a cluster of cardiometabolic risk factors.

Only 2 studies from the same group have suggested that high CRF attenuates the risk of
all-cause and CVD mortality in men with MetS,'>"® and thus, further studies are needed to
confirm or refute these previous findings. Notably, an important limitation of these studies
is that they did not use directly measured peak oxygen uptake (VOupca), the gold standard
for assessing CRF,™ and therefore, whether CRF measured as directly measured VO,pe,,
attenuates MetS associated with mortality is not well documented and warrants further
investigation.

We conducted a prospective study that examined the independent and joint associations of
MetS and CRF with the risk of ACM and CVM in the general population. We hypothesized that
both MetS and high CRF are associated with increased or decreased risk of these outcomes,
respectively, but high CRF may attenuate or eliminate the increased risk associated with MetS.

METHODS

The Kuopio Ischemic Heart Disease (KIHD) study was designed to investigate risk factors for
atherosclerotic cardiovascular outcomes and related health outcomes in a population-based
sample of men. A sample of 3,235 (aged 42—60 years) eligible men who lived in the town of
Kuopio or its surrounding area in eastern Finland were invited to partake in the study. Among
those invited, 2,682 men participated in baseline examinations between 1984 and 1989.

For the present analysis, we initially included 2,357 men who performed cardiopulmonary
exercise testing and had available data on CRF. For the definition of the MetS, we excluded
646 participants who had missing data on waist girth (n=502) or biochemical values (n=144),
leaving a sample 0f 1,711 men who had complete data on CRF and parameters of MetS at
baseline. The study was approved by the Research Ethics Committee of the University of
Eastern Finland (Kuopio, Finland) and all participants provided written informed consent.
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Cardiorespiratory fitness

CRF was directly measured through peak oxygen consumption (mL/kg/min) during
cardiopulmonary exercise testing to volitional fatigue/exhaustion. Peak oxygen uptake was
defined as the highest attained value for oxygen consumption and classified by tertiles of
CRF levels; lower (<26.7 mL/kg/min), middle (26.8-33.0 mL/kg/min), and upper (>33.1 mL/
kg/min). CRF was also categorized by fit (middle and upper tertiles) and unfit (lower tertile)
as previously described.”

MetS

MetS was determined based on the National Cholesterol Education Program (NCEP) criteria
and the presence of MetS was defined as having three or more of the following risk factors:
waist girth >102 cm, blood pressure >130/85 mm Hg or (hypertension), HDL-C <40 mg/dL (1.04
mmol/L), TGs >150 mg/dL (1.7 mmol/L), and glucose >100 mg/dL (5.6 mmol/L) or (diabetes).*

Other measurements

Resting blood pressure was measured 6 times (3 while supine, 1 while standing, and 2
while sitting) in the seated position and the mean of these values was used as resting blood
pressure. Body mass index (BMI) was computed as the ratio of weight in kilograms (kg)

to the square of height in meters (m). Waist circumference was calculated as the average
of 2 measurements at the midpoint between the lowest rib and iliac crest. Assessment of
smoking habits, presence of chronic diseases, and related demographic/lifestyle information
(socioeconomic status, leisure-time physical activity and alcohol ingestion) were evaluated
via a standardized self-administered questionnaire. The collection of blood samples,
measurement of serum lipids, lipoproteins and glucose, and definitions of type 2 diabetes
have been previously described.”

Ascertainment of outcomes

ACM and CVM were ascertained from hospital documents, discharge lists, death certificates,
informant interviews, health practitioner questionnaires, study electrocardiograms, medico-
legal reports and vital statistics offices. Deaths were coded using the tenth International
Classification of Diseases codes. Documents were cross-checked in detail by 2 physicians.

Statistical analysis

Data are presented as mean * standard deviation (SD) or median (interquartile range; IQR)
for continuous variables and proportions for categorical variables. Comparisons between
baseline characteristics for participants with and without MetS were performed using a
t-test and the x? tests for continuous and categorical variables, respectively. To determine
the associations between MetS (yes/no) and CRF (tertiles) with the risk of death, the hazard
ratios (HRs) and 95% confidence intervals (95% ClIs) from multivariable Cox proportional
hazards regression models were calculated with adjustment for age, low-density lipoprotein
cholesterol (LDL-C), C-reactive protein (CRP), cigarette smoking, alcohol consumption,
leisure time physical activity, socioeconomic status (SES), family history of coronary heart
disease (CHD), CVD history, and peak oxygen uptake. The joint effects of MetS and CRF on
the risk of death were examined using four combined groups based on MetS and CRF (Fit-
without MetS, Unfit-without MetS, Fit-with MetS, and Unfit-with MetS). The Fit-without MetS
group was used as the reference comparison. Statistical significance was set at p<0.05, and
analyses were conducted using the SPSS 25.0 (IBM Corp., Armonk, NY, USA).
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Table 1. Baseline characteristics of the participants overall and with and without MetS

Variables Full cohort (n=1,711) No MetS (n=1,143) MetS (n=568) p-value (No MetS vs. MetS)
Age (years) 592.5+5.6 52.1+5.7 53.2+5.5 <0.001
BMI (kg/m?) 26.9+3.4 95.7+9.7 99.9+3.6 <0.001
Waist girth (cm) 91.1:9.8 87.9+7.8 97.6+10.1 <0.001
Smokers (%) 30.9 33.3 26.1 0.002
Alcohol consumption/week g (JK) 32.3(6.7-94.0) 32.0 (7.5-87.9) 32.7 (6.2-109.3) 0.491
SES* 9.0+4.5 8.8+4.6 9.4+4.4 0.008
Family history of coronary heart disease (%) 49.7 49.4 50.4 0.720
History of cardiovascular disease (%) 34.9 30.5 43.7 <0.001
Diabetes (%) 5.1 0.5 14.3 <0.001
Hypertension (%) 29.9 16.7 56.5 <0.001
Systolic blood pressure (mmHg) 133.0£16.5 128.2+15.2 1492.7+14.6 <0.001
Diastolic blood pressure (mmHg) 88.5+10.5 85.2+9.7 95.2+8.9 <0.001
HDL-C (mmol/L) 1.29+0.3 1.35+0.3 1.16+0.3 <0.001
LDL-C (mmol/L) 3.96+0.9 3.95+1.0 3.99+0.9 <0.001
TGs (mmol/L) 1.31x0.8 1.06=0.5 1.80+1.1 <0.001
Glucose (mmol/L) 4.76+1.1 4.50+0.5 5.97+1.7 <0.001
CRP (mg/L) 1.93 (0.67-2.35) 1.03 (0.59-2.02) 1.67 (0.97-3.29) <0.001
Leisure time physical activity (kcal/day) 291.7 (154.3-469.3) 296.1 (161.9-468.8) 287.7 (137.2-474.7) 0.382
Peak oxygen uptake (mL/kg/min) 30.7+8.1 32.6+7.8 26.8+7.0 <0.001

Data are shown as meanzstandard deviation or median (interquartile range) and proportions.
CRP = C-reactive protein; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; MetS = metabolic syndrome; SES = socioeconomic

status; TG = triglyceride.

*High score of the SES index indicates low SES.
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RESULTS

Table 1 depicts the baseline characteristics of the participants overall and according to the
presence and absence of MetS. Of the overall participants, 33.2% (n=568) were classified

as having MetS. Participants with MetS were more likely to be older, have a history of CVD,
diabetes, and hypertension, had higher levels of BMI, waist girth, systolic blood pressure,
diastolic blood pressure, LDL-C, TG, glucose and CRP, and lower levels of SES, HDL-C, and
VO,peac compared with participants without MetS (p<0.05 for all).

During a median of 26-year follow-up (IQR: 20-28 years), 799 ACM and 376 CVM events
occurred, respectively. Table 2 shows the risk of death for MetS and CRF. Compared with men
without MetS, men with MetS demonstrated a 41% (HR, 1.41; 95% CI, 1.22-1.65) and 76%
(HR, 1.76; 95% CI, 1.42-2.19) increased risk of ACM and CVM, respectively, after adjusting
for age, LDL-C, CRP, cigarette smoking, alcohol consumption, leisure time physical activity,
SES, family history of CHD, CVD history and peak oxygen uptake. Compared with the lower

Table 2. Associations of MetS and CRF with death

Variables All-cause mortality Cardiovascular mortality
MetS

No 1 (reference) 1 (reference)

Yes 1.41 (1.22-1.65) 1.76 (1.42-2.19)

Cardiorespiratory fitness
Lower (<26.7 mL/kg/min)
Moderate (26.8-33.0 mL/kg/min) 0.79 (0.67-0.94) 0.70 (0.55-0.89)

Upper (>33.1 mL/kg/min) 0.59 (0.48-0.72) 0.50 (0.37-0.68)

Values are presented as hazard ratio (95% confidence interval). Adjusted for age, LDL-C, CRP, cigarette smoking,

alcohol consumption, leisure time physical activity, SES, family history of CHD, CVD history and peak oxygen

uptake (when exposed MetS) or MetS (when exposed CRP).

CHD = coronary heart disease; CRF = cardiorespiratory fitness; CRP = C-reactive protein; CVD = cardiovascular

disease; LDL-C = low-density lipoprotein cholesterol; MetS = metabolic syndrome; SES = socioeconomic status.

1 (reference) 1 (reference)
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Table 3. Joint associations of CRF and MetS with death

Variables All-cause mortality Cardiovascular mortality
Fit-without MetS 1 (reference) 1 (reference)
Unfit-without MetS 1.65 (1.34-2.02) 2.00 (1.48-2.73)
Fit-with MetS 1.73 (1.42-2.11) 2.99 (1.71-3.07)
Unfit-with MetS 2.00 (1.64-2.43) 2.92 (2.20-3.87)

Values are presented as hazard ratio (95% confidence interval). Adjusted for age, LDL-C, CRP, cigarette smoking,
alcohol consumption, leisure time physical activity, SES, family history of CHD and CVD history. Fit (middle and
upper tertiles) and unfit (lower tertile)

CHD = coronary heart disease; CRF = cardiorespiratory fitness; CRP = C-reactive protein; CVD = cardiovascular
disease; LDL-C = low-density lipoprotein cholesterol; MetS = metabolic syndrome; SES = socioeconomic status.

levels of CRF (<26.7 mg/kg/min), the upper levels of CRF (>33.1 mg/kg/min) had significantly
lower risks of ACM (HR, 0.59; 95% CI, 0.48-0.72) and CVD mortality (HR, 0.50; 95% CI,
0.37-0.68), after adjusting for confounders (Table 2).

For the joint associations of CRF and MetS with the risk of mortality (Table 3), the risks of
mortality were increased in unfit with MetS (ACM: HR, 2.00; 95% CI, 1.64-2.43; CVM: HR,
2.92; 95% CI, 2.20-3.87) and unfit without MetS (ACM: HR, 1.65; 95% CI, 1.34-2.02; CVM:
HR, 2.00; 95% CI, 1.48-2.73) compared with their fit without MetS counterparts (reference
group) in multivariable analysis. In addition, the results for the risk of mortality showed a
similar pattern in the fit with MetS group, where they were still at increased risk of death
(ACM: HR, 1.73; 95% CI, 1.42-2.11; CVM: HR, 2.29; 95% CI, 1.71-3.07) compared with fit
without MetS. The Kaplan—-Meier curves demonstrated higher survival probability of all-cause
and CVD mortality among males in the fit without MetS category compared with the other
categories (p<0.001 for log-rank test) (Figure 1).

DISCUSSION

In this study, we sought to examine the independent associations of both MetS and CRF
with the risk of mortality and whether high CRF may attenuate the increased risk of
mortality associated MetS. Our findings revealed that MetS was significantly associated

All-cause mortality Cardiovascular mortality
100 - 100
< 80 < 80 -
> >
= =z
I 604 I 60 -
[s°] [s°]
e} e}
o o
2 40 2 40
.g —— Fit without MetS .g —— Fit without MetS
- —— Unfit without MetS - —— Unfit without MetS
A 20 - - & 20 - -
@ —— Fit with MetS —— Fit with MetS
Unfit with MetS Unfit with MetS
0 T T T T T 1 O T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Follow-up time (years) Follow-up time (years)

Figure 1. The Kaplan-Meier survival curves for all-cause and cardiovascular disease mortality by categories of the combination of cardiorespiratory fitness (Fit and

Unfit) and MetS.
MetS = metabolic syndrome.
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with an increased risk of ACM and CVD, independent of potential confounding variables,
while moderate-to-upper levels of CRF were significantly associated with lower risk of

these outcomes after adjusting for confounding factors. These findings are consistent with
previous studies demonstrating that individuals with MetS have increased risk of death,!
while CRF has been shown to be inversely associated with risk of death,**! further extending
the role of MetS and CRF as risk factors for mortality.

In this novel evaluation of the combined effects of MetS and objectively measured CRF on the
risk of death in the present study, we found that both unfit with MetS and unfit without MetS
were at the highest risk of death compared with fit without MetS. In addition, the heightened
risk of death associated with MetS was not completely attenuated in fit people compared with
fit without MetS. Thus, these findings suggest that the impact of MetS per se on the risk of
ACM and CVD remains significant whether fit or not. Improving MetS represents a crucial
therapeutic target that may ultimately confer a reduction in the risk of death associated with
MetS in general populations, regardless of their CRF levels.

CREF has a protective effect in reducing ACM and CVM in healthy populations. Moreover,
compared with obese unfit individuals, obese individuals with relatively good CREF levels appear
to benefit from the associated cardioprotective adaptations. A meta-analysis demonstrated
that the risk of all-cause mortality in overweight and obese individuals with low CRF was

twice that of their normal weight with high CRF counterparts, but that mortality rates for
overweight and obese individuals with high CRF were similar to those of normal-weight with
high CRF individuals.® In addition, CRF appears to attenuate the risk of death associated with
the presence of traditional risk factors, such as obesity, smoking, hypertension, dyslipidemia,
and diabetes.®! However, it remains unclear whether the cardioprotective effects of high CRF
extend to attenuating the risk of death in individuals with MetS.

A few studies have explored the effect of physical activity on the heightened risk of ACM
and CVM and increased risk for future CHD associated with MetS."*?° Previous studies

have shown that moderate to vigorous physical activity appear to attenuate the risk of ACM
and CVM in men and women with clustered metabolic risk factors.’ In addition, physical
activity at different intensities has attenuated cardiovascular events, ACM and CVM in men
and women with MetS during a 20-year follow-up of a population-based cohort.” Another
study suggested that individuals with MetS who were physically active had a lower CHD risk
than people without MetS who were physically inactive.”® However, these previous studies
assessed leisure time physical activity using different self-report questionnaires, which may
be susceptible to recall biases. Therefore, further clarification of the combined effects of
objectively assessed physical activity and MetS on the risk of death is warranted.

CRF was regarded as a surrogate for habitual physical activity because the levels of CRF might
be modified through decreasing or increasing of regular physical activity.* Interestingly,
habitual physical activity is better represented by CRF than by self-reported physical activity,
while directly CRF measured during maximal exercise test has been shown to be a stronger
predictor of CVD outcomes then self-reported physical activity. Therefore, studies are needed
to demonstrate whether moderate to high levels of CRE, a proxy of objectively measured
physical activity levels, have a protective effect in attenuating ACM and CVM in populations
with MetS. To best of our knowledge, only two studies have reported that high CRF
attenuated the risk of ACM and CVM in men with MetS."** They reported that CRF provided
a strong protective effect against ACM and CVM in healthy men and men with MetS.? In
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another study from the same authors, MetS was associated with an increased risk of ACM
and CVM, but these risks were largely explained by CRFE." These studies implicate the role of
high CRF in attenuating the detrimental effects of MetS on the risk of death. However, this
study did not use directly measured VO, an objective index of CRF, or adjust for baseline
socioeconomic status, an important confounding variable.

In contrast to previous studies that showed that high levels of physical activity or estimated
CRF from treadmill time attenuated the increased risk of ACM and CVM associated with
MetS, the results in the present study demonstrated that moderate-to-upper levels of CRF
did not completely eliminate the heightened risk of ACM and CVM associated with MetS.
Methodological issues of CRF measurement, differences in definition of MetS, or age and sex
differences between previous studies and the present study could be, in part, explain these
conflicting results. In the present study, CRF was directly measured VO, which is a gold
standard for assessing CRF and we used the NCEP criteria to define MetS in Caucasian men.
Future studies are needed to confirm these results in participants with different racial or
ethnic origins and women. Additionally, future studies are needed to clarify the associations
of MetS and directly measured CRF with death risk.

The present study has several methodological limitations which should be acknowledged.
Our study population included only Caucasian men, hence findings cannot be generalized to
women and other races/ethnicities. CRF is not only determined by current physical activity
level, but also by environmental and genetic factors; the proportion of fitness attributable

to genetics is hypothesized as being relatively smaller than the proportion caused by
physical activity. In addition, we classified CRF into unfit and fit categories based on VO,pc.«
percentiles; these categories may be viewed as somewhat arbitrary as there is currently a lack
of such global CRF reference data. We used a single measurement of CRF at baseline and

did not correct for serial changes in CRF over time or, for that matter, potential regression
dilution bias. Although we adjusted for potential confounders to evaluate the independent
associations of MetS and CRF and the risk of death, it is possible that residual variables that
were not measured may have influenced the observed difference in relative risks. Despite
these limitations, the strengths of this study included the long-term follow-up (prospective)
and use of directly measured VO, Which was not considered in previous studies.

In this population-based long-term prospective cohort study of men, our findings indicate
that MetS and CRF were each independently associated with the risk of death, but the
latter did not eliminate the heightened risk of death associated with the former. Thus,
these findings suggest that the impact of MetS per se on the risk of ACM and CVD remains
significant irrespective of CRF levels, which implies that MetS may be used as a therapeutic
target to reduce the risk of death associated with MetS in general populations.
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