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ABSTRACT 
Background: Claudication is the most common manifestation of peripheral artery 
disease (PAD), producing significant ambulatory compromise. Limited information 
exists on the routine physical activity of claudicating patients. Our objective was to 
record the intensity/time profiles of physical activity and the timing and duration of 
sedentary behavior of a sample of community-dwelling claudicating patients. 
Methods: Forty-four claudicating patients referred to our vascular clinic were 
recruited. Phys- ical activity was recorded using the ActiGraph GT1M activity 
monitor. The Actigraph monitor is a lightweight instrument designed to measure 
human movement through changes in acceler- ation, measured as counts over 1-
minute time periods. Data from 7 consecutive days were used for the calculations. 
We processed the data using the ActiLife software program. 
Results: The average daily activity of the claudicating patients shows a steady 
increase begin- ning approximately 05:30 AM until a peak plateau from 
approximately 10:00 AM to 01:30 PM followed by a steady decrease until 
approximately 09:30 PM, when a sustained period of inac- tivity begins. The average 
claudicating patient takes 3586 steps per day at an average intensity of 1.77 
metabolic equivalents of task (METs, a physiological measure expressing the energy 
cost of physical activities). Average physical activity intensity and peak intensity 
fluctuate very little during the day, and they rarely exceed the level of light activity 
(light ¼ <3 METs maximum effort, such as casual walking or light housework). During 
awake time, approximately 7 hours are spent in sedentary behaviors (<1.5 METs), 
and sedentary time is spread throughout the day mostly in short intervals between 
periods of low-energy activity. 
Conclusions: Our study objectively demonstrates the reduced physical activity of 
claudicating patients and documents physical activity/duration profiles throughout 
the day. The intensity of the physical activity of the average claudicating patient 
fluctuates very little during the day and rarely exceeds a light intensity level. 
Claudicating patients spend approximately half of their awake time in sedentary 
behavior and when they walk they do it in short bursts followed by several minutes of 
rest. We anticipate that changes in routine physical activity/duration profiles of 
patients with PAD will provide relevant, sensitive, and direct measures of the 
effectiveness of therapeutic interventions. 
 
 
 



 

INTRODUCTION 
Epidemiological studies of peripheral artery disease (PAD) show a prevalence of 3% 
to 10% in the general population and as high as 20% in populations older than 70 
years.1,2 PAD affects an estimated 27 million people in Europe and North America 
and is caused by atherosclerotic plaques that limit blood flow to the lower 
extremities.3,4 The most common manifestation of PAD is intermittent claudication, a 
severe functional impairment characterized as walking-induced discomfort in the 
muscles of the leg, relieved by rest.1 This impairment is of major importance 
primarily because it restricts the physical activity of PAD patients, leading to further 
adverse effects on their general health and quality of life. 

Historically, daily physical activity of claudicating patients has been difficult to 
record accurately, with most investigators relying on surrogate assessments. Such 
assessments include questionnaires such as the Walking Impairment Questionnaire 
and the 36-Item Medical Outcomes Study Short Form Survey,5 and measures of 
maximum walking ability using a standardized treadmill test (Gardner test)6 and a 
maximum distance six-minute walk test.7 The limitations of these tests as surrogate 
measures of daily physical activity were shown in a study by Zwerink et al. 
measuring physical activity in patients with chronic obstructive pulmonary disease. 
The investigators demonstrated that after a structured exercise program, an 
increase in the maximum physical exercise capacity did not translate to increased 
daily physical activity.8 Owing to these results, some investigators have proposed 
that routine physical activity is an important measure of the physical ability of 
claudicating patients and should be evaluated in PAD studies.9 

More recently, a number of investigators have used sophisticated instrumentation 
to measure the routine physical activity of claudicating patients.10e12 These studies 
have focused on the limitation of daily activity produced by claudication, as 
determined by total steps taken per day (summarized in Table I) and rate of steps 
taken. However, our knowledge of the timing, duration, and intensity of routine 
physical activity remains limited. The purpose of this study was to determine the 
minute-to-minute, duration and intensity of routine physical activity and the timing 
and duration of inactivity among community-dwelling claudicating patients. 

 



 

 

METHODS 
Patient Recruitment 

Forty-four patients were recruited from the Vascular Surgery Clinic at the 
Veterans Affairs Nebraska- Western Iowa HealthCare System (VA-NWIHCS) in 
Omaha, Nebraska. Patients were recruited after consultation for intermittent 
claudication and before any sort of intervention for their PAD. PAD was confirmed by 
history, physical examination, noninvasive testing, and standard or computerized 
tomographic angiography. To determine that it was indeed intermittent claudication 
and not some other disorder that was affecting ambulation, each participant walked a 
standard, predetermined lap around the clinic floor accompanied by a vascular 
surgeon. The diagnosis was established based on description and location of 
symptoms. Patients were excluded if the primary factor limiting exercise tolerance 
was something other than claudication (e.g., shortness of breath, arthritis, chest 
pain, back pain, and so forth). The procedures used in this study were approved by 
the institutional review board at the VA-NWIHCS. Written informed consent was 
obtained from each patient before investigation. 
 
Demographics 
All study patient demographics are reported in Table II. 

 
 
Daily Physical Activity Monitoring 
Physical activity was recorded using the Actigraph (Actigraph, LLC; Fort Walton 
Beach, FL) GT1M accelerometer. The Actigraph GT1M uses a capacitive 



 

accelerometer capable of detecting both static (i.e., gravity detected when stationary) 
and dynamic accelerations. Actigraph specifies restrictions that allow the detection of 
only those accelerations be- tween 0.05-2G. This way it only records movements in 
the human spectrum of physical activity and avoids erroneous overestimates.16 As a 
result, when the wearer’s acceleration is detected, the Actigraph accelerometer is 
able to determine and record the force and direction of that acceleration. The 
Actigraph GT1M is a small, lightweight device (weight: 19 grams and dimensions: 
4.6 x 3.3 x 1.5 cm) that can be worn on a waistband or belt loop and has minimal, 
if any, effect on our patient’s activity level.17,18 Actigraph technology is validated for 
quantifying physical activity, activity-related energy expenditure, and assessment of 
reproducibility.17,18 
 
Monitoring Protocol 
The study participants were instructed to wear the accelerometer for 7 consecutive 
days. They were instructed to wear the monitor all day and could take it off to sleep 
and must take it off before showering or submerging in water. The monitor was 
placed on an elastic waistband worn on the hip that the participants could wear 
either over or under a shirt. Patients returned the monitor at their next follow-up 
appointment in our clinic. The participants were instructed to perform their daily 
physical activities as they normally would. 
 
Outcomes 
The Actigraph monitor quantifies accelerations and filters the raw data, assigning 
each acceleration a value measure in ‘‘counts’’ over a specified amount of time. We 
programmed the monitors to record data as ‘‘counts per minute’’ over the entire 
data- recording period. Recording accelerations in this way allows interpretation of a 
person’s activity and distinguishes between dynamic movements such as walking 
and sedentary movements such as adjusting postural position while seated in a 
chair. Counts per minute can then be used to convert physical activity data into 
steps taken and energy expenditure. Energy expenditure from the physical activity 
data is measured in metabolic equivalents of task (METs), a physiological measure 
expressing the energy cost of physical activity as a ratio to resting metabolic rate. 
Energy expenditure expressed in METs is a description of energy intensity; the 
Actigraph monitor is able to determine a baseline resting energy expenditure for each 
patient while they are sedentary and that is then used to determine the METs 
performed during physical activity. The Actigraph monitors were set to sample data 
at a rate of 60 samples per minute; the average of the 60 samples for each minute 
was used to determine the average value over that minute. Raw data from the 
Actigraph monitors were used to determine the following endpoints: 
 

• Average total steps taken per day: Using ActiLife (Actigraph, LLC; Fort Walton 
Beach, FL) soft- ware and algorithms, counts per minute were 
recorded for each minute of the day for a 7-day period for each of the 44 
participants. Counts per minute were then converted to steps taken each minute 
of the day for each participant. For each participant, total steps per day over a 7-



 

 

day period, and average steps taken per day were computed. The averages for 
each participant were then used to compute the average steps taken per day for 
the group of claudicating patients. 

• Average intensity and average peak intensity per day for only awake time: 
The ActiLife software and algorithms were used to calculate the average 
intensity and the average peak intensity of physical activity during minutes of 
recorded physical activity for each participant. For these calculations, we did not 
include data from minutes during which participants were either asleep/napping 
or possibly had removed the accelerometer for whatever reason. This method 
ensures that the averages are not weighed down by zero counts from asleep or 
nonwear time during the day. Awake time was defined as any time of recordable 
activity. Periods lasting 10 minutes or more with consecutive zero counts per 
minute were counted as asleep or nonwear time. Asleep or nonwear time is 
over when there are at least 3 consecutive minutes with nonzero counts per 
minute 
or 1-minute reading 2:100 counts per minute. The intensity is expressed in 
METs and is calculated by taking the average intensity recorded by the 
Actigraph. 

• Average total sedentary minutes per day during awake time: Using validated 
algorithms, ActiLife software determines sedentary minutes as minutes with 
<100 counts per minute that is separate from nonwear time. Total sedentary 
minutes per day, during awake time, were recorded for each participant and 
were used to calculate individual and group averages. 

• Average number of sedentary periods per day of 
>10 consecutive minutes during awake time: For each participant, we recorded 
all sedentary periods lasting 2:10 consecutive minutes, during awake time. We 
used the data to calculate the average number of sedentary periods per day of 
2:10 consecutive minutes for each individual and for the group. 

• Average length in minutes of the longest sedentary period during awake time: 
We recorded the longest sedentary period each day for each participant and 
computed the average for the group of patients. 

• Average intensity of only nonsedentary minutes during awake time: Using 
minutes with <100 counts per minute to define sedentary minutes, we excluded 
all sedentary minutes during each day and only used nonsedentary minutes 
(minutesith 2:100 CPM) to determine the intensity of physical activity. This 
method is intended to show the intensity level of the group during only 
nonsedentary time and gives the best picture of the level of activity patients with 
PAD can achieve during the day. 

 
RESULTS 
This study showed that, on average, patients with claudication took 3586 total 
steps per day (Table III). The average steps per 30 minutes ranged from an average 
of 10 to just over 150, with the most steps occurring between the hours of 8:00 AMe 
06:00 PM, and the highest step counts occurring from 10:00 AMe01:00 PM (Fig. 1). 
During awake time, the average intensity for our group of PAD patients was 1.62 
METs, and the average peak intensity was 2.83 METs. Figure 2 shows our patients 



 

overall daily intensity level. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Average steps per 30 minutes taken by our group of claudicating patients during an average 
day. Patients with PAD take 3586 total steps per day. The bars at every time point represent standard 
deviation.  

Fig. 2. The average daily intensity level of patients with PAD. The bars at every time point represent 
standard deviation. METs were sampled every second and expressed as an average for each 1-
minute interval. 
 

Analysis of sedentary time, defined as time spent with exertion levels below 100 
counts per minute on the accelerometer,17,18 shows that the average total 
sedentary time of our patients with PAD was 433.45 minutes during awake time. 
Figure 3 presents both sedentary and nonsedentary time points of 1 representative 
patient (has activity i.e. close to the average for our group of patients) during his 
awake hours. To better represent the daily pattern of patient inactivity during awake 
time, we identified sedentary periods lasting longer than 10 consecutive minutes. We 
found that, on average, patients with PAD had 9 of these sedentary periods per day. 
We also calculated that, on average, the longest sedentary period for PAD patients, 
during that on average, during their nonsedentary time, patients with PAD had an 
average intensity of 1.77 METs. 

Figure 4 demonstrates that some participants can achieve close to 30 steps per 
minute during some minutes of the day. Patients with intermittent claudication can 
achieve relatively higher levels of activity and yet most of the day is spent at very low 
activity, below 5 steps per minute. The frequency of low/inactive minutes are 
responsible for the very low average activity of our patients. Figure 5 further breaks 
down the activity of a median- achieving patient and shows that in a representative 
hour of the day our patients can reach 30e60 + steps per minute, but 37 of the 60 
minutes are spent below 5 steps per minute and 29 of those minutes are spent at or 
near zero steps per minute. 



 

 

We analyzed the correlations between our physical activity measurements (total 
daily steps, average METs/min, average peak METs/min, total daily sedentary 
minutes, total number of sedentary bouts lasting >10 minutes, average longest 
sedentary bout, and average nonsedentary time METs/min) and our recorded 
patient demographics (age, body mass index, coronary artery disease, hypertension, 
obesity, hyperlipidemia, family history of vascular disease, smoking status, diabetes 
mellitus, and ankle-brachial index). To analyze correlations, we calculated the 
Pearson correlation (r) and deter- mined significance to any correlation with a 
P value < 0.05. Significant correlations included the following: (1) body mass index 
w ith average nonsedentary time METs/min; (2) obesity with total daily sedentary 
minutes; (3) obesity with total number of sedentary bouts lasting >10 minutes; and (4) 
diabetes mellitus with total daily steps. Table IV 
demonstrates the specific findings. 

We divided our patients based on the anatomic location of their occlusive disease 
to patients with aortoiliac, femoropopliteal, and combined aortoiliac/femoropopliteal 
disease. We then compared the average performance of claudicating patients in 
each group using independent t-test analysis and determined significance to any 
comparison with a P value < 0.05. Our analysis did not show any significant 
difference between the different anatomic groups in any of the following areas: 
ankle-brachial index, total daily steps, average METs/min, average peak METs/min, 
total daily sedentary minutes, total number of sedentary bouts lasting >10 minutes,  
 

Fig. 3. The counts per minute recorded during awake hours of one median-achieving patient. The black dashed 
line designates 100 counts per minute; any marks below the black dashed line indicate minutes spent in 
sedentary activity (defined as <100 count/minute). Counts per minute can be converted into metabolic 
equivalents of tasks, a physiological measure expressing the energy rate. One hundred counts/minute 
corresponds to 1.52 METs, which is less than the energy expenditure needed to sit at a desk and type. For 
reference, we show 1000 counts/minute roughly equal to 2.2 METs, or the energy needed to make the bed or 
wash dishes and 1600 counts/ minute roughly equal to 2.7 METs, or the energy needed to play billiards or darts. 
cost of physical activity as a ratio to resting metabolic 
 
 
 
 
 
 



 

 
 
  
 
 
 
 
 
 
Fig. 4. Twenty-fourehour profile of total steps per minute taken in a day by one representative patient. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Recorded steps per minute of an actual hour of activity of one particular patient from our study. 
 

 
 
 
DISCUSSION 

This study builds on the work of several other groups that evaluated the 
limitation of daily activity caused by PAD and claudication.5,6,8e11,13,19e21 Our findings 
agree with previous reports showing that patients with intermittent claudication are 
severely limited in their physical activity, walking on average 3586 steps/day. In our 
analysis, we expanded on published work by determining step count, intensity and 
duration of physical activity, and pattern and duration of inactivity, on a minute-to-
minute basis. Our data demonstrate that the average (1.62 METs) and peak intensity 
(2.83 METs) of physical activity of our claudicating patients fluctuated very little 



 

 

during the day and that the patients rarely exceeded a light intensity level. 
Furthermore, we found that claudicating patients spent more than 7 hours per day in 
sedentary behavior and that when they walked they did so in short bursts followed 
by 2e 3 minutes of rest. These findings have significant implications for our 
understanding of the physiology of PAD and the limitations PAD introduces in the daily 
activity and the general state of health of claudicating patients and can form the 
basis for the design and evaluation of interventions to increase activity of patients 
with PAD. 

A major finding in this study is that the average total steps/day of claudicating 
patients (3586 steps) is much lower than the recent recommendations of 6500 
steps/day for individuals living with disability/chronic illness.19 These 
recommendations were introduced by Tudor-Locke et al. and were based on their 
review of data on patients undergoing cardiac rehabilitation. The investigators 
recommended that these 6500 steps/day should include 3000 steps at a cadence of 
100 steps/min which for PAD patients is roughly equal to 4.2 METs. In separate 
studies, Gardner et al. and Montgomery et al. deter- mined that patients with PAD 
and claudication are usually not able to reach a cadence of 100 steps/ min showing 
that maximum efforts during a 6-minute walk test yield results of 96 steps/ 
min.13,20 This suggests that even if our patients are somehow able to increase their 
total steps/day to the recommended level (this would require addition of another 
3,000 steps/day), they likely would be unable to perform enough physical activity in 
the moderate-vigorous range. Our findings indicate that patients with PAD and 
claudication are severely limited in their physical activity being unable to achieve 
even minimum recommended daily physical activity of healthy counterparts or adults 
over age 65 years with disabilities/chronic illnesses. 

Similar studies of physical activity among patients with medical conditions other 
than PAD have been reviewed and summarized by Tudor- Locke et al.21 Their 
review concluded that, on average, patients with chronic obstructive pulmonary 
disease take 2237 steps/day, patients with arthritis affecting the hips or knees take 
4086 steps/day and patients with joint (hip/knee) arthroplasty took 4892 steps/day, 
patients with heart/ vascular disease take 4695 steps/day, Parkinson’s disease) take 
5887 steps/day, patients with type II diabetes mellitus took 6342 steps/day, breast 
cancer survivors take 7409 steps/day, and patients with neuromuscular disease 
(e.g., multiple sclerosis, muscular dystrophy) and patients with HIV take 7545 
steps/day. In comparison, our group of participants average 3586 steps/day. 
These data underscore the severity of the limitation of physical activity among 
patients with PAD. 

Our study also included measurement of energy expenditure by our patients. The 
energy required to take a certain number of steps is a function of both body 
weight and rate of taking steps and will be different for different participants. Thus, in 
addition to expressing physical activity as the number of steps taken, we expressed 
physical activity in terms of energy intensity, or METs. Intensity was calculated for 
awake time physical activity on the basis of recorded counts (steps) per minute 
obtained from the accelerometer and the wearer’s weight. On doing this, we found 



 

that the average intensity for our patients was 1.62 METs and that the average peak 
intensity was 2.83 METs. In the Compendium of Physical Activities, Ainsworth et al. 
define one MET as equal to the energy cost of resting or sitting quietly; 1.5 METs is 
similar to driving or doing desk work such as writing, typing, or using the computer; 2 
METs is similar to level walking at 2 miles per hour or standing and doing light work 
such as cooking, washing the dishes, or making the bed; 3 METs is similar to 
sweeping, mopping, or vacuuming the floor or gardening; 4 METs is similar to 
slow step dancing or walking and playing golf; and 5 METs is similar to square 
dancing or performing household chores such as mowing the lawn.22 This means 
that our group’s average and peak daily intensities are at the same level as driving 
or doing desk work such as writing, typing, or using the computer. This provides 
a clearer picture of the severity of physical limitation experienced by our 
participants.  

Sedentary behavior defined as minutes with<100 CPM, that is, roughly the 
energy required to sit and watch television, was also of interest to us. Extended 
periods of sedentary behavior have also been shown to be associated with adverse 
health risks, even among those who reach recommended levels of physical 
activity.23e25 Our data showed that during awake time, on average, our patients had 
433.45 total minutes of sedentary time per day. Just over 7 hours were spent in 
sedentary behavior, and on average, participants had 9.5 sedentary periods lasting 
longer than 10 consecutive minutes with the longest daily sedentary period lasting 
45.14 minutes. Looking at the raw data, we saw many instances where the patient 
took a few steps followed by a 2- to 3-minute period of sedentary activity. These 
activity patterns were present throughout the day and accounted for approximately 2 
hours per day. We believe that these findings can help explain the mechanisms 
operating to produce the physical disability of claudication. We offer 2 possible 
interpretations for these findings. First, claudicating patients experience leg ischemia 
and associated claudication symptoms many times throughout the day possibly with 
much less activity than we thought, and because of this, they can only be active in 
very short bursts that require subsequent short periods of rest. An additional 
component of the symptoms associated with claudication includes possible systemic 
effects of leg ischemia mediated through metabolic, neural or inflammatory path- 
ways. Of note, the group of Sinoway and Cauffman have shown in several elegant 
studies that it takes a few, low-intensity, contractions of the posterior calf muscles of 
patients with PAD to produce significant sympathetic system activation and adverse 
effects on physiologic parameters such as the heart rate, blood pressure, and 
coronary and renal artery blood flow.26e28 Second, claudicating patients have adapt- 
ed to the leg symptoms produced by longer periods of activity by performing low-
intensity activities that are terminated before they experience pain and therefore rest 
many times per day. Interestingly, work by Najafi et al. has shown that patients with 
dementia exhibit a similar walking pattern taking few steps and then resting. These 
findings suggest that a failure of the neuromusculoskeletal system at any level may 
be responsible for the pattern of activity/inactivity seen in both PAD and dementia 
patient populations.29,30 Future work should evaluate the type of activities in these 



 

 

short periods of walking in association with symptoms and muscle oxygenation and 
blood flow. This type of work can provide insight into the pathophysiologic 
mechanisms operating in PAD and claudication and the way they operate to produce 
the symptoms and limitations that are well known for our patients. In addition, this 
work may provide guidance for improved diagnostic and therapeutic approaches for 
the care of patients with PAD. 

Our evaluation of correlations between parameters of physical activity and 
demographic, clinical and hemodynamic parameters demonstrated no as- sociation 
with ankle-brachial index or level of dis- ease. This finding is in agreement with prior 
works from our31e33 and other groups34e36 showing poor or no relationship between 
functional parameters and burden of occlusive disease. The finding suggests that, in 
addition to occlusive disease, several parameters, the well-described ischemic 
myopathy and neuropathy of PAD legs, microvascular disease, patient motivation 
and comorbidities, play a significant role in the daily activity levels of claudicating 
association we identified between parameters such as body mass index (BMI), 
obesity, and diabetes and physical activity in our patients. More specifically, 
increasing BMI correlated with lower average nonsedentary METs/min, meaning that 
the higher a patient’s BMI then the lower the intensity level when that person is 
active. The presence of obesity (described as BMI > 30) correlated with total daily 
sedentary minutes and with total number of sedentary bouts lasting longer than 10 
consecutive minutes, meaning that the presence of obesity predicted greater overall 
sedentary time and longer bouts of sedentary time. The presence of diabetes 
mellitus correlated with less total daily steps, meaning that claudicating patients with 
diabetes walked less than nondiabetic claudicating patients. 

A limitation of our study is the lack of a control group. It would be informative to 
have physical activity data for patients without claudication but our protocol was 
designed to focus solely on the description of physical activity and sedentary 
behavior of a sample of community-dwelling claudicating patients. An additional 
limitation of our work is that our data are produced from the evaluation of a rather 
homogenous group of patients. Our study involved patients seen in a vascular 
surgery clinic of a Veterans hospital where most subjects with claudication are 
Caucasian males over 60 years of age. This may limit the generalization of our 
findings across genders, race, and age groups. 
 
CONCLUSION 
We quantified the reduced physical activity of claudicating patients and detailed their 
daily activity pat- terns. Average intensity and average peak intensity of the physical 
activity of the claudicating patients fluctuated very little during the day, and average 
intensity rarely exceeded the level of light intensity. Claudicating patients spent close 
to 7 hours per day in sedentary behavior and when they walked, they usually did so 
for short periods of only a few steps followed by 2 to 3 minutes of rest. Our objective 
measures of physical activity and sedentary behavior establish sensitive and 
relevant physical performance parameters that may be correlated with biochemical, 
histological, and physiological parameters of the legs of patients with PAD. 



 

Furthermore, these objective measures may help us improve the diagnosis and 
treatment of these patients. 
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