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ABSTRACT

BURTON, H. M., and E. F. COYLE. Daily Step Count and Postprandial Fat Metabolism.Med. Sci. Sports Exerc., Vol. 53, No. 2, pp. 333–340,

2021. Introduction: Two benefits of acute exercise are the next day’s lowering of the postprandial plasma triglyceride response to a high-fat

meal and increased fat oxidation. However, if activity levels (daily steps) are very low, these acute adaptations to exercise do not occur. This

phenomenon has been termed “exercise resistance.” This study sought to systematically reduce daily step number and identify the range of

step counts that elicit “exercise resistance.”Methods:Ten participants completed three, 5-d trials in a randomized, crossover designwith differing

levels of step reduction. After 2 d of controlled activity, participants completed 2 d of LOW, LIMITED, or NORMAL steps (2675 ± 314,

4759 ± 276, and 8481 ± 581 steps per day, respectively). Participants completed a 1-h bout of running on the evening of the second day.

High-fat tolerance tests were performed on the next morning, and postprandial responses were compared. Results: After LOW and LIMITED,

postprandial incremental area under the curve (AUC) of plasma triglyceride was elevated 22%–23% compared with NORMAL

(P < 0.05). Whole body fat oxidation was also significantly lower (16%–19%, P < 0.05, respectively) in LOW and LIMITED compared with

NORMAL. No significant differences were found between LOW and LIMITED. Conclusion: Two days of step reduction to approximately

2500–5000 steps per day in young healthy individuals impairs the ability of an acute bout of exercise to increase fat oxidation and attenuate

postprandial increases in plasma triglycerides. This suggests that “exercise resistance” occurs in individuals taking approximately 5000 or

fewer steps per day, whereas 8500 steps per day protects against exercise resistance in fat metabolism. It seems that fat metabolism is influenced

more by the inhibitory effects of inactivity than by the stimulating effects derived from 1 h of moderate-intensity running. Key Words:

INACTIVITY, EXERCISE, HEALTH, STEP REDUCTION, POSTPRANDIAL LIPEMIA, WALKING, LIPOPROTEIN LIPASE, SITTING

The cardiometabolic health benefits of physical activity
and exercise such as improved postprandial hypertri-
glyceridemia and improved glucose tolerance can be

gained acutely from a single bout of exercise and lost with sev-
eral days of inactivity (1–3). However, in studies in which
acute exercise resulted in reduced and improved postprandial
hypertriglyceridemia, the participants were accumulating ap-
proximately 7000–8500 steps on the day before evaluation
of postprandial metabolism (4–6). At the low end of daily
steps, Kim et al. (7) reported that in participants who were
sitting for >14 h·d−1 and taking only 1650 steps per day, a

1-h bout of running at 67% maximal oxygen consumption
(V̇O2max) failed to improve postprandial hypertriglyc-
eridemia the next morning. It seems that physical inactivity
(i.e., high sitting and severely reduced step count) rendered
the participants resistant to the normal acute improvements
in indices of cardiometabolic health that are normally derived
from a 1-h bout of running. This phenomenon is called “exer-
cise resistance” (7). A follow-up study in 2019 (8), using addi-
tional controls to verify the existence of this phenomenon,
found that a group taking ~3700 steps per day also exhibited
exercise resistance. Therefore, it is important to systematically
delineate what level of daily steps causes impairment of the
ability of acute exercise to improve the postprandial plasma
triglyceride response and fat oxidation.

In modern culture, we have engineered physical activity out
of our daily lives. Periods of prolonged inactivity, character-
ized by mostly sitting, have become routine in the lives of
many and coincide with the nonfasting or postprandial state.
In the postprandial state, triglyceride levels in the plasma can
remain elevated for up to 10 h, typically peaking 3–6 h after
a meal rich in fat (9). The magnitude and duration of this ele-
vation is influenced by previous physical activity (10–12), diet
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(13), and genetics (14,15). As demonstrated in epidemiologi-
cal studies (16,17), nonfasting plasma triglyceride levels, i.e.,
postprandial lipemia (PPL), better predict cardiovascular events
than fasting plasma triglyceride levels and are known to be as-
sociated with diseases, including metabolic syndrome, type 2
diabetes, and atherosclerosis. In fact, in several recent epide-
miological studies, inactivity and/or sitting time have been
strongly associated with the risk of obesity, metabolic disorders
including type 2 diabetes mellitus, and especially with cardio-
vascular disease (CVD) and death (18–20). Surprisingly, some
have reported that the risks from prolonged sitting seem “inde-
pendent” of the volume of exercise being performed (18–21).
This means people who meet the recommended guidelines
(AHA or American College of Sports Medicine [ACSM]) for
physical activity of 150 min·wk−1 of moderate-intensity exercise
seem to still be at risk for developing CVD and all-cause death if
they have a lifestyle routinely incorporating prolonged periods of
inactive, sedentary behavior (>10–12 h·d−1) and low steps per day.

One of the strongest inverse correlations with sedentary
time is time in light-intensity activity, such as walking (22).
This means of course that increasing time spent ambulatory re-
duces sitting time. Accordingly, the manipulation of daily step
count has been a popular and practical method of quantifying
inactivity. Appropriately, increased daily walking has been
shown to reduce cardiovascular events (23), whereas reduc-
tions in daily step number for as little as 1 wk have been asso-
ciated with drastic increases in the area under the curve of
plasma insulin during an oral glucose tolerance test (24). This
increase showed the potential to grow to nearly 80% greater, if
the reductions were maintained for two more weeks (24). Daily
step reductions have also been linked to decreased V̇O2max,
endothelial dysfunction, decreased insulin sensitivity, decreased
lean leg mass, and increased abdominal fat (24–26).

Meanwhile, it is well established that, in the absence of high
levels of daily sitting, a single bout of moderate exercise last-
ing 60–90 min attenuates PPL regardless of previous lipid
levels (12) and training status (10,27,28). Many studies
(10–12) have been conducted to investigate the effect of a single
bout of moderate-intensity exercise on postprandial triglyceride

levels in comparison to a control condition. Participants in these
studies were asked to refrain from any planned exercise but
their ambulatory activity, and walking was not carefully con-
trolled. Furthermore, very few studies (7,8) have systematically
investigated the collective effects of daily step reduction com-
bined with moderate acute exercise. Recent studies (7,8) that
drastically reduced daily step number abolished the ability of
an acute bout of exercise to increase fat oxidation the next
day and attenuate the increase in PPL. Some other studies seem
to suggest that exercise resistance may not occur when taking
as little as ~7900 steps per day (4).

Thus, the purpose of this study was to systematically inves-
tigate the effect of reductions in daily step number and a single
1-h bout of moderate-intensity exercise to improve the next
day’s postprandial responses of plasma triglyceride and glu-
cose, as well as fat oxidation. We hypothesized that postpran-
dial responses, after a single bout of 1-h of running at ~65%
V̇O2max performed the evening before, would be impaired pro-
gressively as daily steps decreased.

METHODS

Ten healthy, recreationally active male (n = 7) and female
(n = 3) participants completed three trials of differing daily
step counts based on previously established benchmarks for
daily physical activity (29). Participants were asked to take
approximately 2500, 5000, and 8500 steps per day for low
activity (LOW), limited activity (LIMITED), and what is
considered normal activity (NORMAL), respectively, in a
crossover design, each occurring over 5 d with at least a week
interval between trials (Fig. 1). Participants were asked to re-
frain from any planned exercise outside of the experimental
design. Participants were given written and verbal description
of all the procedures and measurements used in this study, and
written informed consent was obtained. The Institutional Re-
view Board of the University of Texas at Austin approved this
study (ClinicalTrials.gov Identifier: NCT03697382).

Experimental design. Each trial consisted of three phases
(Fig. 1). The first 2 d served as a control phase (C1 and C2),

FIGURE 1—Study design. Participants completed a 5-d randomized, crossover experimental design with differing levels of daily step reduction (i.e., Low,
2675; Limited, 4759; andNormal activity, 8481 steps per day). Participants completed two control days with activity monitoring before the initiation the 2-d
step reduction (D1 and D2). Participants also completed an hour of treadmill running on the night of D2 followed by HFTT on the morning of D3.

http://www.acsm-msse.org334 Official Journal of the American College of Sports Medicine

A
PP

LI
ED

SC
IE
N
C
ES

Copyright © 2021 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

http://ClinicalTrials.gov
http://www.acsm-msse.org


which allowed for familiarization with measurements, followed
by a 2-d intervention phase consisting of LOW, LIMITED, or
NORMAL physical activity consisting of daily step counts that
amounted to 2675 ± 314, 4759 ± 276, or 8481 ± 581 steps per
day, respectively. On the evening of the second day of each
trial, subjects ran for 1 h at 64% V̇O2max on a laboratory tread-
mill. On the morning of day 3, after the previous evenings run,
all participants ingested a high-fat shake (i.e., high-fat tolerance
tests [HFTT]), and the postprandial responses were measured
over the subsequent 6-h period. Throughout the three trials, par-
ticipants were instructed to refrain from any exercise other than
that prescribed in the study design. Participants were also asked
to keep a consistent sleep/wake cycle during the trials.

Preliminary testing.Oneweek before the initiation of the
first trial, participants visited the Human Performance Labora-
tory for a 20-min, four-stage submaximal test to determine ox-
ygen consumption while jogging at different paces followed
by determination of maximal oxygen uptake (V̇O2max). This
served to determine the appropriate treadmill speed to elicit
the desired intensity during the 1-h exercise bout. To deter-
mine V̇O2max, participants performed an incremental treadmill
test lasting 8–12 min during which the incline was increased
2% every 2 min (30). V̇O2, V̇CO2, and heart rate were moni-
tored throughout the test, and the highest 30-s V̇O2 average
was recorded for the participant’s maximal oxygen consump-
tion. The ACSM criteria for V̇O2max were used in assessing a
successful V̇O2max test.

Control phase. Participants were instrumented with an
activity monitor worn on the midthigh to record step count
(activPAL; PAL Technologies, Glasgow, Scotland), and the
monitor began recording at 0000 h on the first day of the con-
trol phase (C1). Participants were asked to remain aware of
their step count and to limit steps to approximately 10,000 or
less during the control period (31). The activPAL provided
an objective measure of daily steps throughout the duration
of each trial. Visual feedback for daily steps is unavailable
on the activPAL; therefore, participants were asked to use a
second pedometer worn on the hip or wrist or an enabled smart
phone to provide feedback on daily steps.

Intervention phase. During the intervention phase, D1
and D2, participants were asked to remain seated or lying for
much of the day to accommodate their assigned level of
nonexercise activity (2675, 4759, or 8481 steps per day). On
D2 of each trial, participants continued to adhere to the assigned
step count and additionally completed a 1-h run at 64.4%
V̇O2max at 1800 h. The steps during this bout of exercise were
not included as part of the participants step total for D2.

HFTT. On the day of the HFTT (D5), participants reported
to the laboratory at 0700 h. Body weight was measured. They
then lie for 5 min before insertion of a catheter into an antecubital
vein. A fasting blood sample was obtained and fat oxidation
was measured before consumption of a high-fat shake (mostly
melted ice cream and heavy cream, approximately 14.8 kcal·kg−1

[0.8 g, 1.2 g, and 0.2 g·kg−1 BW of carbohydrate, fat, and pro-
tein, respectively]). Blood samples were collected over the next
6 h at 2, 3, 4 and 6 h postconsumption of the high-fat shake. All

blood samples collected were transferred to K2EDTA collection
tubes (BD), centrifuged at 2000g for 15 min at 4°C and then
stored in −80°C freezer until later analysis. During HFTT, par-
ticipants were asked to remain seated quietly reading, watching
movies, and/or surfing the Internet. Participants were allowed to
use the restroom.

Postprandial substrate oxidation. Pre- and postpran-
dial expired gas collection was used to assess substrate oxidation.
Participants rested in a chair for 10 min, followed by expired
gas collection through meteorological balloons for 10 min at
0, 2, 4, and 6 h. It has been previously demonstrated that inac-
tivity reduces whole body fat oxidation (7).

Energy expenditure and substrate oxidation were calculated
fromoxygen consumption, carbon dioxide production, andRER;
energy expenditure and substrate oxidation were calculated
based on the methods of Frayn (32).

% energy from carbohydrate (CHO) oxidation

= ((RER – 0.707)/0.293) � 100

% energy from fat oxidation = 100 – % energy from CHO oxidation

CHO oxidation (kcal·min−1)

= [(%CHO oxidation/100) � V̇O2] � 5.05 kcal·L�1 O2

fat oxidation (kcal·min−1) = [(1 – %CHO oxidation/100)

� V̇O2] � 4.7 kcal·L�1 O2

energy expenditure (kcal·min−1) = CHO oxidation + fat oxidation

Dietary control.During the study, participants were asked
to eat to satiety. Participants logged all food and were asked to
consume the same foods on the days before each HFTT. On the
evening before the HFTT, participants were given a low-fat
meal to consume as fat in the previous meal can affect the re-
sponse to a high-fat test meal (6,33). Participants were allowed
to supplement higher energy expenditure during the LIMITED
and the NORMAL step trials with a small snack but were asked
to adhere to a diet standard in macronutrient breakdown (34).

Biochemical analysis. For plasma triglyceride and glu-
cose concentrations, all blood samples collected were immedi-
ately transferred to K2 EDTA collection tubes (BD Vacutainer,
Franklin Lakes, NJ), centrifuged at 3000g for 15 min at 4°C.
Plasmawas then stored in separate aliquots at −80°C until later
analysis. All measurements for each participant were performed
in duplicate within the same analysis. Plasma triglyceride and
glucose concentrations were measured by a spectrophotometric
method using commercially available kits (Pointe Scientific, Inc.,
Canton, MI). Intra-assay coefficients of variation for plasma tri-
glyceride and glucose concentrations were all less than 10%.

Statistical analysis. Incremental (AUCI) and total area
under the curve (AUCT) for plasma triglyceride and glucose
were calculated. Once calculated, repeated-measures one-way
ANOVA was used to test for differences. Plasma glucose
and triglyceride curves were calculated and analyzed using
repeated-measures two-way ANOVA (trial�time). Daily step
counts were analyzed using repeated-measures two-way ANOVA
(trial�time). Similarly, RER as well as fat and carbohydrate
oxidation were analyzed using repeated-measure two-way
ANOVA (trial�time). When interactions were significant, Tukey’s
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honestly significant difference post hoc tests were run. All
data were analyzed using GraphPad Prism 8 (GraphPad Soft-
ware Inc., La Jolla, CA). All data are expressed as mean ± SE,
unless otherwise noted; the level for statistical significance
was set at P ≤ 0.05.

RESULTS

Participant characteristics. Ten participants (seven
males and three females) were recruited from the Austin area.
These participants were young, healthy, untrained to recreationally
active individuals (age=25.7±1.8yr,bodymass=79.7±5.4kg,
height = 173 ± 3 cm, BMI = 26.4 ± 1.2 kg·m−2,
V̇O2max = 42.7 ± 1.4 mL·kg−1⋅min−1).

Responses to submaximal exercise. Submaximal
jogging for 1 h elicited a heart rate of 154 ± 4 bpm, an oxygen
consumption that equated to 64.4% of V̇O2max, and partici-
pants reported an RPE of 11.4 ± 1. All of these are indicative
of moderate-intensity exercise.

Daily steps. Daily steps are presented in Table 1. No sig-
nificant differences were noted within or between trials for
control days, which averaged 10,648 ± 824 steps per day
(P > 0.05). However, daily steps averaged on days 1 and 2
of the intervention, excluding exercise steps on day 2, were
significantly different for all trials (LOW, 2675 ± 314; LIM-
ITED, 4759 ± 276; NORMAL, 8481 ± 581; P < 0.01).

Plasma triglyceride responses. The postprandial
plasma triglyceride concentration responses are shown in
Figure 2, with LOW and LIMITED being significantly higher
than NORMAL at 2, 3, and 4 h (P < 0.05). Incremental area
under the curve (AUCI) in LOW and LIMITED were elevated
by 22%–23% (P < 0.05) compared with NORMAL (Fig. 3).
Total area under the curve for plasma triglyceride (AUCT) is
shown in Figure 3, with LOW being significantly higher than
NORMAL (P < 0.01) and a trend toward LIMITED being
higher than NORMAL (P = 0.09). No differences were de-
tected for postprandial plasma triglyceride concentration be-
tween LOW and LIMITED in AUCT and AUCI.

Plasma glucose concentrations. Plasma glucose con-
centration is shown in Figure 4. Plasma glucose concentration
as well as areas under the curve showed no differences
(P > 0.05) between the three trials in AUCT or AUCI.

Postprandial substrate oxidation. Postprandial sub-
strate RER was significantly higher than NORMAL
(0.77 ± 0.01) and LIMITED (0.80 ± 0.01, P < 0.05), with a
strong trend toward significant from LOW (0.81 ± 0.01,
P = 0.06; Table 2). Absolute fat oxidationwas significantly lower
than NORMAL (396 ± 27 kcal), with LOW (319 ± 34 kcal;
−19%,P< 0.05) and LIMITED (342 ± 30 kcal,−14%,P< 0.05).

DISCUSSION

The purpose of this study was to investigate the effect of
daily step reductions on postprandial responses to a high-fat
meal consumed the morning after an acute bout of moderate-
intensity exercise. The primary finding was that when individ-
uals took only 2675 or 4759 daily steps (LOW and LIMITED),
their postprandial plasma triglyceride responses and whole
body fat oxidation were significantly impaired compared with
when taking 8431 daily steps (NORMAL), although it should
be noted that their freely chosen steps in the control phase were
approximately 10,000 steps per day. Participants displayed a

TABLE 1. Average daily steps measured via activPAL activity monitor, attached on the
participant’s anterior thigh throughout each trial.

Trial

Day of Trial

C1 C2 D1 D2

Daily Steps Low 10,198 ± 1476 11,015 ± 1159 2744 ± 331 2605 ± 313
Limited 9808 ± 1207 10,568 ± 1112 4482 ± 318* 5037 ± 206**
Normal 11,056 ± 1324 10,732 ± 936 8431 ± 732† 8530 ± 420†

Data are presented as mean ± SE. Average daily step counts for each trial are presented for
control (C1 and C2) and intervention phases (D1 and D2).
*Significantly different from Low, P < 0.05.
**Significantly different from Low, P < 0.01.
†Significantly different from both Low and Limited, P < 0.01.

FIGURE 2—Temporal responses of plasma triglyceride concentrations for each trial during HFTT. *Normal significantly different from Low, P < 0.05.
†Normal significantly different from Limited, P < 0.05. #Normal significantly different from Low, P < 0.01. Data are reported as mean ± SE.
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14%–19% reduction in fat oxidation and a concomitant 22%–
23% increase in TG AUCI when taking 2675–4759 steps per
day compared with 8481 steps per day. Despite completing
identical and substantial 1-h bouts of running (64% V̇O2max)
the night before theHFTT, participants still displayed decreased

responsiveness to this exercise if they reduced daily steps to ap-
proximately 2500–5000 steps per day, at least in regard to whole
body fat oxidation and PPL. The increase in plasmaTG concentra-
tion above NORMAL during LOW and LIMITEDmay be due to
a reduced uptake of plasma triglyceride by tissue and reduced fat
oxidation in LOW and LIMITED compared with NORMAL.

The 22%–23% increase in TG AUCI above NORMAL and
the concomitant 14%–19% reduction in fat oxidation below
NORMAL with LOW and LIMITED are generally similar to
the 20%–40% differences in TG AUCI reported previously
for nonexercising controls compared with an exercise treatment
(4,5,12,35). This lends credence to the emerging ideas concerning
the interaction of physical inactivity and exercise (1,24). Al-
though a 1-h bout of moderate-intensity running was performed
the evening before the evaluation of fat metabolism in all trials,
the effects of the previous days’ low physical activity (i.e.,
LOW and LIMITED) were carried forward and impaired fat me-
tabolism. This suggests that postprandial fat metabolism is influ-
enced more by the inhibitory effects of inactivity than by the
stimulating effects of exercise, at least with the current design.

Our findings are interesting in light of recent findings of a
phenomenon termed “exercise resistance” (7,8). We previ-
ously observed that individuals taking less than 4000 daily
steps were resistant to the exercise stimulus provided by 1-h
of running at ~65% V̇O2max, in terms of improving postpran-
dial fat metabolism the morning after exercise. In these ran-
domized crossover trials (7,8,36), the protective effects of
exercise in preventing exaggerated rises in postprandial
plasma triglycerides were not realized if daily step counts were
reduced to <4000 steps per day by imposed sitting for 13 h. By
imposing high required daily sitting, these investigators con-
siderably reduced the amount of muscular activity of their par-
ticipants as light-intensity activity makes up the majority of
daily energy expenditure (17). It seems that by drastically re-
ducing the contractile activity in the study participants, an envi-
ronment was produced that prevented the classic improvement
of the next day’s responses to the exercise stimulus. It has been
postulated in a recent meta-analysis by Ekelund et al. (37) that

FIGURE 3—Total and incremental areas under the curve of plasma tri-
glyceride concentrations duringHFTT for each trial. *Significantly differ-
ent from Low and Limited step group, P < 0.05. †Significantly different
from Low step group, P < 0.01. Data are reported as mean ± SE.

FIGURE 4—Temporal responses of plasma glucose concentrations for each trial during HFTT. Data are reported as mean ± SE.
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individuals experiencing high levels of daily inactivity are at an
increased risk of mortality even when participating in moder-
ately high levels of daily activity or exercise. It seems inactivity
may exert deleterious effects on the muscle beyond fat metabo-
lism as well. Recent observations support this contention in that
not only is PPL impaired but reduced myofibrillar protein syn-
thesis can be seen in elderly (26) and young healthy individuals
(38) in response to step reductions to ~1400 steps per day over
2 wk or less. Taken together, it seems that reduced contractile
activity for long periods of the day causes a condition in which
current exercise recommendations may not be effective for de-
riving some protective health benefits of exercise such as im-
proved fat oxidation and PPL responses. In populations
regularly experiencing prolonged sitting and inactivity (i.e.,
<5000 steps per day), it is not known if or what type of exer-
cise regime might overcome “exercise resistance” in terms of
reversing impaired fat metabolism, given the present observa-
tion that 1-h of running the evening before was ineffective.
At least in terms of fat metabolism, it seems that approxi-
mately 8500 steps per day are needed to prevent exercise
resistance. Previous studies suggest that avoiding exercise
resistance may occur with as little as ~7900 steps per day
(4). We have recently observed that if prolonged sitting
throughout the day is interrupted hourly by 20 s of maximal
cycling (5 � 4-s bouts), exercise resistance can be prevented
at least in terms of fat metabolism (39). It thus seems that ex-
ercise resistance can be prevented not just by accumulating
steps throughout the day but also by accumulating bouts of very
short maximal-intensity exercise. This implies that accumulating
at least 8500 steps per day, although effective, is not the only
method for preventing exercise resistance of fat metabolism.

Recent research has begun to place a particular emphasis on
the benefits of increases in daily step counts given the ease of
measurement and application (31,40–42). Some have recently
proposed an inverse dose–response relationship between daily
step counts and markers of healthy metabolism. Olsen et al.
(24) found that reducing steps from ~10,500 to ~1400 steps
per day for 2 wk increased postprandial TG AUCT by 21%
in the absence of exercise. Others have found that the inci-
dence of CVD, type 2 diabetes, and all-cause mortality de-
creases when daily step count is increased (41) (42). Lee
et al. (42) found rates of mortality progressively declined with
increasing daily steps until plateauing at approximately 7500
steps per day. Contrary to the findings in the present study,
the authors reported that groups taking as few at 4363 steps
per day displayed reduced mortality compared with those

taking 2718 step per day. The difference in findings may be
due to several factors, foremost, the different end points (i.e.,
acute fat metabolism vs mortality). Furthermore, the partici-
pants in Lee et al. (42) were substantially older than the popu-
lation recruited for the current study. Moreover, a recent
meta-analysis (41) suggested a 10% reduced risk of cardiovas-
cular events for each 2000-step increase in daily step number
up to 10,000 steps per day. These investigations differ from
the findings in this study, as we did not find any improvements
in acute postprandial plasma triglyceride responses or fat oxi-
dation when an individual increased daily walking from
~2500 to ~5000 steps per day. A few important distinctions
should be noted and may explain this discrepancy. First,
and most obviously, the current investigation focused on re-
sponses the morning after moderate exercise and, thus, the
benefits of acute exercise on fat metabolism, which were
not used in the aforementioned studies. Second, the “baseline”
step counts in almost all of these investigations exceeded 5000
steps per day (41–43), which excludes comparisons below this
level of daily walking, such as the 2675 step per day trial pre-
sented herein. The current investigation was also conducted over
a much shorter period than the observations with different end
points. Lastly, PPL, although indicative of CVD events, is only
a single factor contributing to the development of CVD and
should not be considered equivalent or wholly indicative of
CVD.

Daily step count at or below 5000 should be classified as a
“sedentary lifestyle index” (31,40) and should be viewed as
problematic because of the distinct health ramifications seen
below this level of activity due to “nonexercise activity defi-
ciency” (44). Although this is a reduction below the level that
some would consider normal, it should not be disregarded. In
fact, estimates from the NHANES study, based on objectively
collected accelerometer data, indicate approximately 37% of
the U.S. population would fall below this 5000 steps per day
threshold of physical activity (29). Moreover, technological
advances have drastically decreased occupational physical
activity such that activity in much of the workforce can ap-
proximate that of sedentary, elderly individuals (45). The
occurrence of these high levels of inactivity (i.e., <5000 steps
per day) is not obviated completely even in health-conscious
individuals. For example, “workday” sedentary time in 208
marathon and half-marathon participants was observed to be
similar to those seen in the elderly in assisted living communi-
ties (46,47). When making recommendation regarding the
steps per day count needed to elicit a normal postprandial fat
metabolism, it was observed that approximately 8500 was ef-
fective, but 5000 and 2500 steps per day were not effective.
Therefore, the lowest step count that we can recommend based
on the current design is 8500 steps per day. However, we do
not know about the effectiveness of any step count in the range
of 5000–8500 steps per day.

Muscle lipoprotein lipase (LPL) is the rate-limiting enzyme
for the clearance of plasma triglycerides (48). Therefore, de-
creased LPL activity is a logical candidate for explaining the
increased PPL found in this study with LOW and LIMITED.

TABLE 2. Overall postprandial substrate oxidation during HFTT for each trial.

Variables

Treatment Group

Low Limited Normal

RER 0.81 ± 0.01 0.80 ± 0.01 0.77 ± 0.01*
Fat oxidation (% energy) 66.1 ± 4.87 69.6 ± 3.93 80.4 ± 2.65*
Fat oxidation (kcal/6 h) 318.9 ± 34.5 342.4 ± 30.9 396.0 ± 27.5*
CHO oxidation (% energy) 33.9 ± 4.87 30.4 ± 3.93 19.6 ± 2.65*
CHO oxidation (kcal/6 h) 164.0 ± 25.3 149.0 ± 24.1 97.8 ± 12.8*
Total energy expenditure (kcal/6 h) 482.9 ± 32.6 491.4 ± 31.2 493.8 ± 27.0

Data are reported as mean ± SE.
*Significantly different from Low and Limited, P < 0.05.
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Although not measured in the present investigation, low levels
of contractile activity have been observed to drastically reduce
the activity in LPL in muscle (49). In an animal model, hindlimb
immobilization has been shown to have sizeable reductions
(i.e., 90% decrease) in LPL activity, which developed rapidly
(>60% reduction in <12 h) (49). However, it seems the down-
regulation is posttranscriptional. Even in the tissue with more
than 90% reduction in LPL activity, LPL mRNA was similar
to baseline (49). In addition, the data from Bey and Hamilton
(49) suggest that LPL mRNA is not increased with walking or
levels of contractile activity associatedwithmaximal increases
in LPL activity. It might be that LPL activity is downregulated
by some metabolite (e.g., GPIHBP1 protein endocytosis) in-
duced during periods of prolonged inactivity (50,51). GPIHBP1
is the protein responsible for anchoring LPL to the luminal sur-
face of the capillary, and impairing proper translocation could
suppress LPL activity without significant reductions in tran-
scription (51). However, this hypothesis was not tested in the
present study and is introduced only as a possible example.

In conclusion, to the best of our knowledge, the current in-
vestigation is the first to indicate that 2 d of step reductions to

approximately 2500–5000 steps per day can decrease an indi-
vidual’s responsiveness to an acute aerobic exercise bout in
terms of stimulating the next day’s improvements in fat oxida-
tion and PPL. When participants took 5000 or fewer daily steps
and despite performing a 1-h bout of exercise, they displayed a
16%–19% decrease in fat oxidation and a 22%–23% increase in
postprandial plasma TG excursions the next day compared with
NORMAL (approximately 8500 steps per day; P < 0.05).
Therefore, it could be recommended that for optimal fat metabo-
lism, people do not reduce their step count below approximately
8500 steps per day, even if they are additionally exercising at a
moderate intensity.
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