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Abstract. A low level of physical activity has been
associated with depression, and increased physical
activity has been found to have a positive effect on
mood. However, the association between maximal
oxygen uptake (VO,nax) and mood has been poorly
studied. In this study VO, (ml/kg per min) was
measured in a sample of 1,519 men aged 4661 years
during a cycle ergometer test by using respiratory gas
exchange. Men with a history of psychiatric disorder
or serious physical illness were excluded. Depressive
symptoms were assessed using the 18-item Human
Population Laboratory Depression Scale (HPL).

Those who scored 5 or more in the HPL were con-
sidered to have elevated depressive symptoms.

The participants were classified into quartiles accord-
ing to the VOy.x. Those in the lowest quartile had a
more than 3-fold (OR: 3.42; 95% CI: 1.65-7.09;
p < 0.001) higher risk of having elevated depressive
symptoms compared with those in the highest quartile,
even after adjusting for several confounders (OR: 3.38;
95% CI: 1.60-7.14; p < 0.001).

In conclusion, low VO, is associated with hav-
ing elevated depressive symptoms in middle-aged
men.
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Abbreviations ANOVA = analysis of variance; BMI =

body mass index; CI = confidence interval; HPL =

Human Population Laboratory; KIHD = The Kuopio Ischaemic Heart Disecase Factor; MET = metabolic

equivalent; OR = odds ratio; SES = sosioeconomic status; VOs.x =

Introduction

In population studies, regular physical exercise has
been related to a lower level of depressive symptoms
[1-4]. It has been suggested that this association
might be especially strong among older subjects [5-7].
Physical exercise has also been applied experimentally
as a treatment for depression, either alone [8, 9] or as
an augmentation of anti-depressive medication or
psychotherapy [10, 11]. Both aerobic and anaerobic
exercises can be effective in the prevention and
treatment of depressive symptoms [12, 13]. In a study
by Thirlaway and Benton [l4], participation in
physical activities, rather than cardiovascular fitness,
was associated with better mental health and mood.

A low level of physical exercise is known to be a
risk factor for ischemic heart disease. Furthermore,
depression is overrepresented among patients with

maximal oxygen uptake

ischemic heart disease. Its prevalence has been esti-
mated to be as high as 30% [15]. Depression is also
suggested to be an independent risk factor for ische-
mic cardiac disease [16] as well as a risk factor for
increased mortality for cardiac patients [17]. Thus,
cardiovascular morbidity might be a confounding
factor while assessing the associations between
depression and cardiovascular fitness.

Measurement of the maximal oxygen uptake
(VOomay) level is an objective method to assess car-
diovascular fitness. To our knowledge, only one pre-
vious study has examined this association, reporting
an inverse relationship between cardiovascular fitness
and depression in a sample of 246 relatively young
subjects [14]. Our aim was to examine whether there is
an association between VO, and elevated depres-
sive symptoms in a large population-based sample of
middle-aged men. We excluded as far as possible the
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bias of cardiac diseases confounding the results by
excluding cardiac patients and by adjusting the sta-
tistical models for confounding factors.

Subjects and methods
Subjects

The Kuopio Ischaemic Heart Disease Risk Factor
(KIHD) study is an ongoing population-based study
of risk factors for ischemic heart disease and other
outcomes among middle-aged men in the Kuopio
region of Eastern Finland [18]. A total of 2,678 par-
ticipants aged 42-61 years (82.9% of those eligible)
were recruited. Those who reported having previ-
ously been diagnosed with a psychiatric disorder
(n = 156) were excluded. We also excluded men with
a history of cancer (n = 51) and/or cardiovascular
disease other than high blood pressure (n = 1016), as
these diseases might cause depression and a poor
VOsmax- Subjects with a VO, less than 15.8 ml/kg
per min (n = 73) were also excluded, because a very
low VO,,,.x may be an indicator of an underlying but
so far undiagnosed somatic disease. An exercise
capacity of 5 metabolic equivalents (MET; equivalent
to 15.8 ml/kg) or less is related to a poor prognosis in
terms of increased mortality in subjects younger than
65 years [19]. Data were incomplete for 25 partici-
pants, and thus complete data were available for
1,519 men. The study protocol was approved by the
Research Ethics Committee of the University of
Kuopio and Kuopio University Hospital.

Assessment of cardiorespiratory fitness

Maximal oxygen uptake (VOyax, ml/kg per min) was
assessed between 1986 and 1989 by use of a maximal
but symptom-limited exercise test on an electrically-
braked cycle ergometer, as explained in detail else-
where [20]. To obtain reliable information about
exercise test variables and for safety reasons, the tests
were supervised by an experienced physician assisted
by an experienced nurse. The exercise tests were
performed between 8:00 a.m. and 10:00 a.m. using a
standardized testing protocol comprised of an in-
crease in the workload by 20 W/min. Oxygen con-
sumption was measured by using direct respiratory
gas analyses. The VO,,,x was defined as the highest
value for or the plateau of oxygen uptake and was
indexed by body weight.

Assessment of depressive symptoms

Depressive symptoms at the time of the measure-
ments were assessed with the 18-item Human Popu-
lation Laboratory Depression Scale (HPL depression
scale) [21]. The scale consists of items dealing with
mood disturbance, a negative self-concept, loss of

energy, problems with eating and sleeping, trouble
with concentration, and psychomotor agitation. The
HPL score is generated by assigning one point for
each true or false answer that is indicative of
depression (range 0-18). In some items ‘“‘often” or
“never” responses, whichever were appropriate, were
counted as one point. A cut-off score of five or more
has earlier been used to define depression, and we
therefore used the same cut-off point in this study.
Those who scored five or more were considered to
have elevated depressive symptoms (n = 89, 5.9% of
participants). When the participants with somatic
disease were included the number of participants with
elevated depressive symptoms was 228, representing
8.7% of the participants. The HPL depression scale
has also previously been used to examine the associ-
ation between depression and physical activity [1].

Smoking and alcohol consumption

The current number of cigarette, cigars, and pipefuls
of tobacco smoked daily and the duration of regular
smoking in years were recorded using a self-admin-
istered questionnaire. The number of years smoked
was defined as the sum of the years of smoking,
whether it had occurred continuously or during sev-
eral periods. The lifelong exposure to smoking (pack
years) was estimated as the product of years smoked
and the number of tobacco products smoked daily at
the time of the examination, or for ex-smokers at the
time when they had last smoked. Alcohol consump-
tion was assessed with a structured quantity-fre-
quency method wusing the Nordic Alcohol
Consumption Inventory on drinking behaviour over
the previous 12 months and from the dietary record
over 4 days.

Other characteristics

A variety of indicators of adulthood socioeconomic
status (SES) were available, including current in-
come, current and previous occupations, the highest
level of education, the perception of financial secu-
rity, and housing tenure. In addition, an index of
material living conditions was created by summing
the number of material possessions from a list of 12
(television, dishwasher, car, telephone, etc). The
variable ‘“‘adulthood socioeconomic status” (SES)
was formed from these indicators [22]. Marital status
was changed into a variable “living alone” (living in
marriage or in common law marriage/living alone)
and education into a two-class variable (graduated
from high school/lower degree). The weight and
height of the participants were measured and the
body mass index (BMI) was calculated.

Physical activity was assessed using the 12-Month
Physical Activity questionnaire [23-25]. The checklist
included the most common physical activities of mid-
dle-aged men, for example walking, jogging, skiing,



bicycling, swimming, and ball games. The subjects
were asked to record the frequency, average duration,
and intensity of each activity performed. A trained
nurse checked and completed the questionnaire during
an interview. The energy expenditure of physical
activity was expressed as kcal per day.

Medical history, the use of medications and family
history of diseases were assessed using self-adminis-
tered questionnaires. Information about medical
history and the use of medications were checked
during a medical examination. Prevalent CHD was
defined as having either a history of myocardial
infarction, angina pectoris on effort or the use of
nitroclycerin for chest pain once a week or more
frequently. The prevalent CVD was defined as a
history of CHD, hypertension, congestive heart fail-
ure, cardiomyopathy, arrhythmias, stroke or claudi-
cation.

Statistics

Differences in the characteristics between those par-
ticipants with elevated depressive symptoms (n = 89)
and the rest of the cohort (n = 1424) were examined
using the Student’s ¢-test, Mann—Whitney U-test and
y>-test. Participants were grouped into quartiles
according to their VO,,.«. Differences in character-
istics between the quartiles of VO,,,,.x Were examined
using ANOVA, the y>-test and the Kruskal-Wallis
test. The odds ratio of having elevated depressive
symptoms was examined using a logistic regression
model adjusted for age and examination years
(Model 1) and further adjusted for alcohol con-
sumption, marital status, adulthood SES and physi-
cal activity (Model 2). We also adjusted Model 1 for
diastolic blood pressure, antihypertensive medica-
tion, diabetes and pack years of smoking to exclude
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the possibility of cardiovascular risk factors con-
founding our results (Model 3). Furthermore, we
adjusted Model 1 for the items “less energy than
other people” and ““feeling too tired to do things”
from the HLP depression scale to exclude the danger
of circular reasoning (Model 4). We also used
Spearman’s p to assess correlations between the
severity of depressive symptoms and VOy.x-

Results

The characteristics of the subjects with elevated
depressive symptoms and the rest of the study pop-
ulation are presented in Table 1. Participants with
elevated depressive symptoms were living alone more
often and drank more alcohol than the other partic-
ipants. They had also lower a VOj,,.« than other
subjects. There was no difference in physical activity
between participants with elevated depressive symp-
toms and the others. The characteristics of the study
population according to the quartiles of maximal
oxygen uptake are shown in Table 2. VO, was
inversely associated with age, living alone, smoking,
BMI, and waist to hip ratio.

The proportion of participants with elevated
depressive symptoms was 9.0% in the lowest quartile
(15.8-28.1 ml/kg/min) of VOjn.x and 2.8% in the
highest quartile (36.2-65.4 ml/kg/min; Table 2). A
high VO,,,.x was associated with higher physical
activity (Table 2.). Participants in the lowest quartile
of VOrax had a 3.4-fold higher risk of having cle-
vated depressive symptoms than the men in highest
quartile (Table 3, Model 1). After further adjustment
for smoking habits, alcohol consumption, marital
status, adulthood SES, and physical activity, the risk
remained statistically significant (Table 3, Model 2).

Table 1. Characteristics! of the study population according to the presence (HPL>5; n = 89)% or absence (HPL < 5;

n = 1424) of current elevated depressive symptoms

(HPL>5) (HPL < 5) p Value

N

Age (years) 52.4 (5.3) 52.0 (5.5) 0.567°
Alcohol/week (g) 95.3 (118.3) 72.4 (114.6) 0.005*
Body mass index (BMI) kg/m? 26.9 (4.2) 26.6 (3.4) 0.377°
Waist to hip ratio 0.95 (0.06) 0.94 (0.06) 0.383°
Energy (MJ/day) 9.89 (2.64) 10.11 (2.65) 0.430°
Daily intake of fat (g) 102.1 (33.7) 103.4 (34.1) 0.727°
Marital status: living alone (%) 22.5 12.2 0.005°
Smoking (%) 33.6 30.6 0.697°
Maximal oxygen uptake (ml/kg per min) 30.3 (5.8) 32.8 (7.2) 0.001°
Physical activity (kcal/d) 135.6 (199.9) 137.6 (154.6) 0.106*

Significance of the difference between groups assessed by:.
' Values are means (SD) or %.

HPL is Human Population Laboratory Depression Scale.

2
3 Student’s r-test.

4 Mann-Whitney U-test.
3 xz-test,
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Table 2. Characteristics' of the study population (n = 1513) divided into quartiles according to maximal oxygen uptake

First quartile Second quartile Third quartile Fourth quartile p Value for
difference
Range (ml/kg per min) 15.8-28.1 28.1-31.3 31.3-36.2 36.2-65.4
Age (years) 54.2 (4.6) 52.9 (5.3) 51.7 (5.3) 49.5 (5.5) <0.001%
Alcohol/week (g) 84.7 (127.1)  94.1 (158.1) 66.4 (88.1) 55.6 (82.3) 0.088°
Body mass index (BMI) kg/m> 28.3 (3.8) 26.9 (3.6) 26.3 (2.8) 25.0 (2.4) <0.001°
Waist to hip ratio 0.97 (0.05) 0.95 (0.05) 0.94 (0.5) 0.92 (0.6) <0.001°
Living alone (%) 16.2 13.6 11.6 10.3 0.010*
Smoking (%) 38.3 31.9 31.6 21.9 <0.001*
Physical activity (kcal/d) 110.6 (130.9) 126.9 (149.5) 116.4 (140.7)  189.6 (186.5) <0.0001°
Number of participants 33 (9.0) 26 (6.8) 19 (5.0) 11 (2.8) <0.001*

with elevated depressive symptoms (%)

' Values are means (SD) or %.
2 ANOVA.

3 Kruskal-Wallis test.

4 y’-test, p for linear trend.

We further adjusted Model 1 for diabetes, diastolic
blood pressure, hypertensive medication and pack
years of smoking (Model 3) and for the items “less
energy than other people” and “feeling too tired to
do things” from the HLP depression scale (Model 4).
Those in the lowest quartile still had a significantly
higher risk of having elevated depressive symptoms
than those in the highest quartile (Model 3: OR: 2.98;
95% CI: 1.40-6.34; p < 0.005; Model 4: OR: 2.63;
95% CI: 1.21-5.69; p < 0.015).

To study the effect of diagnosed somatic illness we
repeated our analysis without any exclusions
(n = 2626). However, this did not result in a signif-
icant change in the findings (Model 1: OR: 3.64; 95%
CI: 2.38-5.55; p < 0.0001; Model 2: OR: 3.22; 95%
CI: 2.09-4.95; p < 0.0001).

Furthermore, there was an inverse correlation be-
tween the HPL depression score and VOj.x
(p = -0.160, p <0.0001). After inclusion of the
participants with somatic disease the result remained
significant and the correlation was even stronger
(n = 2626; p = —-0.223, p<0.0001). We also
examined the correlation between the HPL depres-
sion scale and VO, after the exclusion of items
“less energy than other people” and ““feeling too tired
to do things”. This had little effect on the correlations

(p = —0.155, p <0.0001; n = 2626, p = —0.217,
p < 0.0001, respectively).

Discussion

Maximal oxygen uptake was inversely related to
elevated depressive symptoms in a population-based
sample of middle-aged men. In this study, partici-
pants with a low oxygen uptake of less than 28.1 ml/
kg/min had 3.4-fold higher risk of being depressed
compared with those with a VO, exceeding
36.2 ml/kg/min, even after adjustment for alcohol
consumption, adulthood SES, marital status, educa-
tion, BMI, and physical activity. Furthermore, there
was a correlation between the severity of the
depression scores and cardiovascular fitness.

Our results somewhat contradict the finding of
Thirlaway and Benton [14] that physical activity ra-
ther than VO,.,.x was associated with depression.
However, in their study an increased VOj.x Was
associated with better mood in a physically inactive
sub-group of study subjects. Thirlaway and Benton
[14] suggested that those who were fit but physically
inactive had previously been physically active, but the
subjects had only been asked about their inactivity

Table 3. Odds ratios of elevated depressive symptoms according to the quartile for maximal oxygen uptake

First quartile Model 1!
[(Model 2%] OR (95% CI)

Second quartile Model 1!
[Model 2%] OR (95% CI)

Third quartile Model 1"
[Model 2%] OR (95% CI)

Fourth
quartile OR

Risk of elevated 3.42 (1.65-7.09, p < 0.001)
depressive
symptoms

2.45 (1.16-5.18, p = 0.019)
[3.38 (1.60-7.14), p = 0.001] [2.37 (1.01-5.10], p = 0.027] [1.81 (0.82-3.95), p = 0.113]

1.80 (0.84-3.87, p = 0.130) 1.0 (ref)

! Logistic regression adjusted for age and examination years.

2 Logistic regression adjusted for examination years, smoking habits, alcohol consumption, marital status, adulthood

socioeconomic status, and physical activity.

3 p-values are for the difference compared with the fourth quartile.



over the preceding 2 weeks. Another possible expla-
nation for their findings could be that current phys-
ical activity could compensate for the effect of poor
fitness on mood.

It is possible that VO, reflects the cumulative
effect of life-long physical activity. However, in our
study self-reported physical activity did not correlate
with depression. This could mostly be explained by
the genetic contribution to variation in fitness. It has
been reported that the genetic contribution to aerobic
power might be approximately 25-40% [26-28]. In
our study, physical activity associated with a higher
VOs.x, Which indicates the impact of the exercise on
the VO».x. However, although for most individuals
an increase in physical exercise produces an increase
in the VO,.x the increase for a standard exercise
dose varies widely and is under genetic control [28].
Self-reported questionnaires may only reliably reflect
short-term exercise habits, whereas the VO, 1S the
result of long-term habits and the genetic back-
ground.

This was a large population-based study, which
can be considered strength. We were able to exclude
several somatic disorders that might be associated
with both depression and poor cardio-respiratory
fitness. We also adjusted the models for various life-
style factors, including physical activity.

Limitations

We did not use structured diagnostic interviews to
diagnose depression, which may be considered a
limitation. Some of the study participants who were
classified as having an elevated level of depressive
symptoms might not have qualified for the diagnosis
of depressive disorder. However, the HPL depression
scale has especially been developed for screening
depression in general population samples [29, 30] and
is highly correlated with the Beck Depression Inven-
tory score [21, 31].

In a cross-sectional study we cannot conclusively
determine whether poor cardiovascular fitness is a
cause or a consequence of elevated depressive symp-
toms. If the participants having an elevated level of
depressive symptoms had been depressed for a long
time this may have affected their lifestyle and physical
activity. To avoid this bias we excluded those subjects
who had previously been diagnosed with clinical
depression. However, it is possible that current ele-
vated depressive symptoms might have some effect on
the result of the bicycle ergometer test due to poor
motivation. A healthy lifestyle and general health
may also be commonly connected with both mental
health and fitness, and thus the maximal oxygen up-
take could be a factor that has no direct causal effect
on mood. To avoid this possible bias we adjusted the
models for several life-style and psychological vari-
ables known to associate with depression. Finally,
despite of all our adjustments we cannot completely
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rule out the possibility of sub-clinical conditions
confounding our results. Also, our sample included
only men, but previous studies have detected an
association between physical activity and depression
in both men and women [4, 14].

Conclusion

Poor cardiovascular fitness was associated with ele-
vated depressive symptoms in middle-aged men.
Further prospective intervention studies are needed
to conclusively verify whether this association is
causal. Further studies are also needed to assess the
mechanisms underlying this association. Maximal
oxygen uptake has a strong genetic contribution, but
it can be increased by physical exercise.

Human participant protection

The study protocol was approved by the Research
Ethics Committee of the University of Kuopio.
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