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Long-term Detraining Increases the Risk of
Metabolic Syndrome in Japanese Men
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Objective: The aim of the present study was to examine the effect of long-term detraining on metabolic
syndrome (MetS).

Methods: 1109 Japanese men were categorized by their exercise habits. Clinical data, number of MetS risk
factors, and differences in lifestyle-related behaviors of the non-training group (n = 233) and the detraining
group (n = 483) were compared with those of the training group (n = 87).

Results: Waist circumference and body mass index were significantly higher in the non-training group and
the detraining group than in the training group, and also higher in the detraining group than in the non-
training group. High-density lipoprotein cholesterol (HDL-C) was lower and low-density lipoprotein cho-
lesterol (LDL-C) was higher in the non-training group and the detraining group than in the training group.
Both the non-training group and the detraining group had more MetS risk factors than the training group.
The odds ratio for smoking was higher in the detraining group than in the training group.

Conclusions: Detraining results in similar degrees of obesity, low HDL-C, high LDL-C, and high MetS risk
as non-training. To prevent lifestyle-related diseases, it is particularly important not only to encourage
adults to become physically active, but also discourage active young people from discontinuing physical

exercise.
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INTRODUCTION

It is well known that habitual exercise has beneficial
effects on health. In addition to amelioration of obesity
[1-5], there is ample evidence to show that exercise can
prevent or ameliorate risk factors for cardiovascular
disease (CVD) such as type 2 diabetes [6-9], hyper-
tension [10, 11], and dyslipidemia [12-16]. Metabolic
syndrome (MetS) is characterized by increased insulin
resistance associated with central obesity and clustering
of metabolic risk factors, including impaired glucose
tolerance, hypertension, and dyslipidemia. In order to
prevent or ameliorate MetS, it is important to remain
physically active [17, 18].

Some people discontinue habitual exercise even
though they had exercised regularly during their stu-
dent days. However, little is known about the effects of
long-term detraining on health. It has been reported
that short-term detraining (several days to weeks) has
negative effects on lipid metabolism, such as increased
triglyceride (TG) [19] and decreased high-density
lipoprotein cholesterol (HDL-C) [20-23]. Moreover,
relatively longer-term detraining (several years) has
been reported to increase body mass index (BMI) and

adiposity [24, 25], exacerbate lipid metabolism, and
decrease bone mineral density [26, 27]. As to the ef-
fects of long-term detraining, or detraining for several
decades since youth, there has been only one report on
the risk of fractures in men [28] but no report focus-
ing on MetS risk factors.

In the present study, in order to examine the effect
of long-term detraining on MetS, 1109 Japanese men
were categorized into four groups according to their
exercise habits (training group, non-training group,
detraining group, and others), and the clinical data
and numbers of MetS risk factors of the non-training
group or the detraining group were compared with
those of the training group.

METHODS

Subjects

Of 1467 men who underwent annual health checks
at the Health Planning Center at Makita General
Hospital between February and March 2007, 1109
men aged 40-74 years, excluding those who were al-
ready treated for hypertension, dyslipidemia, or diabe-
tes, were selected. Medical history was surveyed using a
self-administered questionnaire. Habitual exercise dur-
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ing the student days (from primary school to college)
was defined as maintaining physical activity = 2 hours
a day more than three times a week. Present habitual
exercise was defined as maintaining physical activity
= 30 min a day more than once a week. Information
about exercise habits was obtained through an inter-
view. The subjects were categorized into four groups
according to their exercise habits. The training group
consisted of individuals who were continuing habitual
exercise from youth to the present. The non-training
group consisted of those who never had a habit of ex-
ercise, while the detraining group consisted of subjects
who had exercised regularly during their student days
but not at present. Finally, the others group consisted
of individuals with other exercise habits. In this study,
the clinical characteristics of the detraining group were
compared with those of the training group or the non-
training group. This study was designed in compliance
with the ethics regulations outlined in the Declaration
of Helsinki. Anonymized health records were used for
analysis, and the privacy of participants was completely
protected by unlinkable anonymization.

Measurements and definition of MetS

Anthropometric measurements were performed,
and blood samples were obtained after overnight fast-
ing. All measurements were included in the routine
health check examinations. BMI was calculated by
dividing weight (kg) by height squared (m?). Waist cir-
cumference (WC) was accurately assessed by a trained
staff member at the end of expiration in the standing
position, measuring the minimum circumference at
the level of the umbilicus to the nearest 0.5 cm. Blood
pressure was measured at the right upper arm in a
sitting position. Glycosylated hemoglobin (HbAlIc)
was measured by a high performance liquid chro-
matography (HPLC) method. The value for HbAlc
(%) was estimated as a National Glycohemoglobin
Standardization Program (NGSP) equivalent value
(%) calculated by the formula HbAlc (%) ~ HbAlc
(Japan Diabetes Society, JDS) (%) + 0.4%, considering
the relational expression of HbAlc (JDS) (%) mea-
sured by the previous Japanese standard substance
and measurement methods and HbAlc (NGSP) [29].
Serum lipid levels were measured enzymatically.
The following cut-off values were used according to
the Japanese definition of MetS [30]: WC = 85 cm,
hypertension (systolic blood pressure (BP) = 130
mmHg and/or diastolic BP = 85 mmHg), FPG = 110
mg/dl, triglyceride (TG) = 150 mg/dl, and/or high-
density lipoprotein cholesterol (HDL-C) < 40 mg/dl.
The presence of WC = 85 cm and two or more of
the other risk factors constitutes a diagnosis of MetS.
Information about lifestyle-related behaviors, including
smoking, snacking, and drinking alcohol (= 50 g/day),
was obtained using a questionnaire.

Statistics

Data are expressed as means + SD. StatView-] 5.0
(Statistical Analysis System Inc, Cary, NG, USA) was
used for the statistical analyses. Significant differences
in age and clinical data among the three groups were
evaluated using Scheffe’s multiple comparison test.
Odds ratios (OR) and 95% confidence intervals (CI)

were calculated for WC = 85 cm, BMI = 25 cm/m?,
the presence of MetS, and the differences in lifestyle-
related behaviors, using the training group as the
reference. The numbers of MetS risk factors (hyperten-
sion, dyslipidemia, and hyperglycemia) were compared
by ridit analysis [31] using the training group as the
standard. All p values were two-tailed, and p < 0.05
was considered significant.

RESULTS

Table 1 shows the categorization of the groups by
exercise habits. The 1109 Japanese men were catego-
rized as follows: training group (n = 87), detraining
group (n = 483), non-training group (n = 233), and
others (n = 306). Those who had not exercised during
their student days but started exercise thereafter were
included in the others (n = 72). The ages (M + SD) of
those in the training, non-training, and detraining
groups were 50.8 = 7.7, 51.4 + 7.2, and 49.2 + 7.1 years,
respectively. Overall, 93% of the subjects in the de-
training group had exercised regularly until they were
college students, which indicates that most of them
discontinued exercise after they started working. The
frequency of present physical activity in the training
group was as follows: once a week (36%), twice a week
(13%), 3 times a week (19%), 4 times a week (2%), and
= b times a week (30%).

Since part of their BMI data when they were 20
years of age were available, we have analyzed the data
as below.

training group (n = 56; 64% of total, M = 20.9, SD =
1.6)

detraining group (n = 360; 75% of total, M = 21.3,
SD = 2.6)

non-training group (n = 144; 62% of total, M = 21.1,
SD = 2.6)

There were no statistical differences among all the
groups by Scheffe’s multiple comparison tests.

The clinical characteristics according to exercise
habits are shown in Table 2. WC and BMI were signifi-
cantly higher in the non-training and the detraining
groups than in the training group. Moreover, the
detraining group had a significantly higher WC and
BMI than the non-training group. HDL-C was signifi-
cantly lower and low-density lipoprotein cholesterol
(LDL-C) was significantly higher in the non-training
and the detraining groups than in the training group.
TG and total cholesterol (TC) tended to be higher in
the non-training and the detraining groups than in
the training group. Table 2 illustrates the numbers of
MetS risk factors present according to exercise habits.
On ridit analysis, the values of the mean ridit for the
non-training group (0.616, p < 0.01) and the detrain-
ing group (0.596, p < 0.01) were significantly higher
using the training group as the standard (mean ridit:
0.5). The result of ridit analysis demonstrated that
both the non-training and the detraining group had
significantly more MetS risk factors than the training
group. However, there was no difference between the
non-training group and the detraining group on ridit
analysis.

The ORs and 95% Cls for the presence of obesity
and MetS, and differences in lifestyle-related behaviors
are shown in Table 3. The ORs for WC = 85 cm, BMI
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Table 1  Categorization of the groups according to exercise habits
Exercise habits Subjects
Category Student days Present n (%)
Training = 2 hours/day = 30 mins/day
and and 87 (7.8)
> 3 times/week > once/week
""""" Nom-training _nome  mome 933  @L0)
""""" Detraining ~ =2hours/day
and none 483 (43.6)
> 3 times/week
""""" Others  anyother paterns of exercis habis 806 (276)
""""" T e
Table 2 Comparison of clinical characteristics by exercise habits
Training Non-training Detraining
WC (cm) 81.1 = 5.7 86.8 £ 9.9%* 88.8 * 8.4% #
BMI (kg/m?) 22.8 £ 2.2 24.0 = 3.7* 24.9 £ 3.3%
SBP (mmHg) 1258 = 169 1801 =180 1288 = 172
DBP (mmHg) 74.8 = 11.1 78.0 = 11.3 773 * 12.3
FPG (mg/d) 044 =170 1097=927 1090 * 240
HbAlc (%) 56 * 0.5 58 £ 1.0 58 + 0.9
TG (mg/y 1229 = 1348 1870 = 863 1455 + 1082
HDL-C (mg/dl) 64.6 = 16.5 59.1 £ 16.6* 58.1 * 14.5%
LDLC (mg/h 1847 * 832 476 = 867% 1478 = 378+
TC (mg/dl) 202.1 = 334 209.2 + 33.1 209.4 = 35.2
No. of MetS risk factors
0 35 (40%) 61 (26%) 137 (28%)
1 35 (40%) 84 (36%) 176 (36%)
2 14 (16%) 61 (26%) 133 (28%)
3 3 (3%) 27 (12%) 37 (8%)
Meanridie 0500 06164 0506

Data are M = SD or n (%). BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol
* p < 0.05, #: p < 0.01 relative to training group, #: p < 0.05, ##: p < 0.01 relative to non-training group (Scheffe’s multiple comparison test)

Table 3  Odds ratios and 95% confidence intervals for WC = 85 ¢cm, BMI = 25 kg/m?, the presence of metabolic syn-
drome (MetS) and the differences in lifestyle-related behaviors
Non-training Detraining
WC = 85 cm 5.98 (3.34 - 10.70) 10.30 (5.91 — 17.96)

BMI = 25 kg/m?

6.94 (3.06 — 15.70)
3.82 (1.75 — 8.35)

9.02 (4.08 — 19.93)
4.98 (2.02 — 9.08)

Smoking
Snacking

Drinking (= 50 g/day)

1.2 (0.78 - 2.25)
1.83 (0.68 — 2.60)
1.64 (0.78 — 9.43)

2.01 (1.23 - 3.29)
1.88 ( 0.93 — 8.78)
1.88 (0.93 — 3.78)

The training group was used as the reference
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= 25 kg/m?, and the presence of MetS were signifi-
cantly higher in both the non-training and the detrain-
ing group in contrast to the training group (referent
group). Compared with the training group, the OR
for smoking was significantly higher in the detraining
group. Although the detraining group showed higher
ORs compared with the non-training group, there were
no significant differences in ORs for snacking and

drinking alcohol (= 50 g/day).
DISCUSSION

In subjects undergoing regular health check-ups, the
influence of long-term habitual exercise on MetS was
evaluated. While other studies examining the effects of
detraining on MetS risk factors have been limited to a
few years of detraining, the present study is the first to
examine the effects of detraining over several decades,
starting from student days. The prevalence of obesity
and MetS was significantly increased in the detraining
group (discontinued exercise), compared to the training
group (continued exercise). In other words, detraining
led to obesity to the same extent as in the non-training
group, and the risk of MetS was clearly increased.

Since this study was a cross-sectional study, all of
the subject s data from their school days were not
available. However, the analysis of more than 60% of
subject s BMI data when they were 20 years old indi-
cated that there were no statistical differences among
all the groups by Scheffe s multiple comparison tests.
These results suggested that although their BMI were
almost same when they are 20, BMI has changed after-
ward probably due to their different excise habits.

MetS risk factors include obesity, impaired glucose
tolerance, hypertension, and dyslipidemia (high TG
and low HDL-C). In the present study, changes in obe-
sity and HDL-C were noted. WC and BMI, indicators
of central and overall obesity, respectively, were both
increased with detraining in comparison to the train-
ing as well as the non-training groups. WC measure-
ments can vary greatly depending on the examiner,
but in the present study, a single pre-trained examiner
took all measurements, thus ensuring highly reliable
data. With detraining, obesity progressed due to a de-
crease in energy expenditure, but a questionnaire was
used to confirm whether there were also other changes
in lifestyle habits. The results showed no differences in
frequency of snacking or drinking alcohol.

The effects of aerobic exercise on lipid metabolism
(TG, HDL-C, TC, and LDL-C) have been reported in
several subject populations. For example, in healthy
males aerobic exercise decreased TC and TG and in-
creased HDL-C [12], in obese subjects it decreased TG
[14], in elderly subjects (age = 50 years) it decreased TC
and LDL-C and increased HDL-C [15], and in CVD
patients aerobic activity decreased TG and increased
HDL-C [16]. On the other hand, increases in TG [19]
and decreases in HDL-C [21-23] have been observed
within a short period of a few days to few weeks of
detraining. The reason for this is thought to be a loss
in the enhanced activity of lipoprotein lipase provided
by exercise [20, 21]. In our study, HDL-C significantly
decreased, and LDL-C significantly increased in the
non-training and the detraining groups compared to
the training group.

In the present study, habitual exercise during stu-
dent days was defined as physical activity = 2 hours a
day at least 3 days a week, and present habitual exer-
cise was defined as physical activity = 30 minutes a day
at least once a week. This was done because, among re-
spondents who regularly exercised during school days,
exercise frequency was = 3 days a week in 99%, and
exercise time during each bout was = 2 hours in 93%.
On the other hand, approximately half of respondents
who presently exercised did so at a frequency of 1 to
2 days per week. In addition, to eliminate variations
due to different interviewers, the survey on habitual
exercise was conducted using an interview format by a
single investigator. In our study, the training group had
less obesity, higher HDL-C, and lower LDL-C than
the detraining group. Thus, it is clear that continuing
exercise even once per week is important in prevent-
ing lifestyle diseases, and discontinuing exercise is just
like having never exercised. Since the present study
specifically focused on the effect of long-term detrain-
ing on MetS, whether beneficial effects of exercise are
observed in subjects who had not exercised during
their student days but started exercise thereafter was
analyzed separately.

With respect to lifestyle habits, snacking and drink-
ing alcohol did not differ among the three groups, but
smoking was more common in the detraining group
than in the training group. This suggests that discon-
tinuing exercise may have an adverse impact on other
lifestyle habits. Detraining might also cause unhealthy
dietary habits leading to obesity. However, our survey
was limited to snacking, which may not be enough to
demonstrate the dietary causes of detraining-induced
obesity. In order to clarify this question, we have
already started another study to examine the impact
of dietary habits on detraining-induced obesity using
different subjects.

The limitations of this study include its cross-section-
al design and the fact that test values were compared
only during the survey period. Baseline (student days)
and interim clinical data were not obtained. Moreover,
although the type of habitual exercise during the stu-
dent days was surveyed in detail, due to the wide vari-
ety of exercise types, this variable was excluded from
our analysis. Indeed, since exercise type (e.g., aerobic,
endurance, resistance) and intensity may have different
effects on each parameter, this is an issue for future
investigation. Furthermore, although the importance of
continuing exercise was demonstrated, frequency was
not evaluated. Thus, when conducting a longitudinal
study on the influence of detraining on MetS, a study
designed to clarify the above points is necessary.

In conclusion, detraining (discontinuing exercise)
led to obesity and lower HDL-C, to the same extent
as in the non-training group, MetS risk factors were
increased, and LDL-C was increased. Therefore, guid-
ance to adults to continue present physical exercise,
and guidance to youth not to discontinue physical
exercise, must be provided to prevent future lifestyle-
related diseases.
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