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Purpose: Walking may improve health in obese patients with multimorbidity. We aimed to 

identify predictors associated with achieving <5000 steps per day after 4 months.

Patients and methods: We conducted a cohort study of 125 adult patients with a body mass 

index >25 kg/m2 and ≥7 comorbidities. We evaluated potential predictors for <5000 steps per 

day using logistic regression and adjusting for age >65 years and sex.

Results: The mean (range) age was 63.6 (20.3–89.8) years. Daily step counts <5000 at baseline 

showed the highest risk of <5000 daily steps at 4 months (odds ratio [OR] 31.82, 95% confidence 

interval [CI]: 12.14–95.50). Other significant characteristics were physical quality of life (OR 

6.21, 95% CI: 2.32–18.54), gait speed <1 m/s (OR 2.57, 95% CI: 1.18–5.71), age ≥65 years 

(OR 2.21, 95% CI: 1.05–4.77), waist circumference ≥102 cm (OR 2.48, 95% CI: 1.05–6.06), 

and body mass index ≥30 kg/m2 (OR 2.69, 95% CI: 1.20–6.26).

Conclusion: New models to increase walking may be required for higher-risk patients.

Keywords: multimorbidity, obesity, pedometer, walking

Introduction
The prevalence of obesity, defined as a body mass index (BMI) ≥30 kg/m2, has a 

mean (95% confidence interval [CI]) of 34.9% (32.0%–37.9%) among US adults aged 

≥20 years. The National Health and Nutrition Examination Survey (NHANES) from 

2011 to 2012 reported that, on average, 68.5% (95% CI, 65.2%–71.6%) of persons 

were either overweight (BMI ≥25 but <30 kg/m2) or obese.1 Obesity is associated with 

metabolic syndrome, characterized by dyslipidemia (e.g., high level of triglycerides, 

low level of high-density lipoprotein cholesterol [HDL-C]), impaired fasting glucose, 

and hypertension. Metabolic syndrome increases the risks of cardiovascular disease 

and type 2 diabetes mellitus,2 and sedentary behaviors increase the risks of metabolic 

syndrome,3 type 2 diabetes mellitus, cardiovascular disease, and death.4 All-cause 

mortality risk increases progressively as BMI exceeds 25.0 kg/m2.5

Lower levels of physical activity have been associated in 9% of premature death. 

This is projected to increase in the coming years.6 It is estimated to be the cause of 

6% of coronary artery disease and about 7% of type 2 diabetes mellitus worldwide.6 

In contrast, higher levels of physical activity have been associated with lower rates 

of chronic disease, cardiovascular disease, and type 2 diabetes mellitus.6,7 Reductions 

in blood pressure (decrease in systolic blood pressure by 2–5 mmHg and in diastolic 

blood pressure by 1–4 mmHg), as well as decreases in levels of low-density lipoprotein 

cholesterol and non-HDL-C, have been observed with aerobic physical activity.7 In a 
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population-based sample of 60-year-old persons, increased 

physical activity was associated with improved cardiovas-

cular health.8 Considerable interest exists about increasing 

the aerobic activity of patients with medical comorbidities. 

Increasing step counts can have positive effects on health. 

When patients used a pedometer, they had decreased BMI 

by a mean (95% CI) of 0.38 (0.05–0.72) kg/m2 and systolic 

blood pressure by a mean (95% CI) of 3.8 (1.7–5.9) mmHg.9 

Among patients with musculoskeletal concerns, an increase 

of 1950 steps per day showed improvements in disability, 

strength, and pain scores.10 However, the positive effects of an 

increased step count on health outcomes have not been seen 

in all studies. The ASUKI Step study, a 6-month pedometer-

based intervention performed at the Arizona State University 

in the Phoenix area of Arizona and the Karolinska Institutet 

in Stockholm, Sweden, showed no significant change in BMI, 

but a decrease of 3.0 cm in waist circumference was observed 

at the end of the trial.11

The available literature is limited about barriers to physi-

cal activity. A survey of 5167 persons in Canada aged 15–79 

years found that educational attainment, family income, 

self-rated health, intentions, self-efficacy scores, perceived 

barriers, perceived health benefits, and facility availability 

were factors associated with physical activity behaviors.12 

A cross-sectional study of overweight and obese persons 

in Iran with type 2 diabetes mellitus identified barriers to 

physical activity that included negative attitude toward 

physical activity, discouragement, physical problems, cost, 

and environmental factors.13 Barriers more specific to older 

obese and overweight persons with multiple chronic condi-

tions, have not been identified.

We previously performed a randomized controlled trial 

of goal setting and pedometer use among obese patients 

with multiple chronic conditions.14 Step counts (the primary 

outcome) did not increase significantly with this interven-

tion (p=0.08). Patient factors likely had a role in preventing 

engagement in increased activity, but these factors have not 

been elucidated. Our primary aim was to identify risk factors 

for walking <5000 steps per day for overweight and obese 

patients with multiple chronic health conditions. Identifying 

these risk factors may guide future interventions to increase 

step count and activity.

Research design
Study design
We conducted a secondary analysis of a published clini-

cal trial14 using a cohort design. In this trial, patients were 

randomly assigned to either immediate pedometer use plus 

behavioral goal setting in the form of SMART (specific, 

meaningful, action-based, realistic, and timely) goals or 

delayed pedometer use plus delayed goal setting. Patients in 

the delayed group received the intervention with pedometer 

and SMART goals at 2 months. The SMART goals were 

used from previously published principles of formulating 

personalized and specific goals.15 This model is based on the 

transtheoretical model of change where the SMART goals 

help move the participant to action. The study was reviewed 

and approved by the Mayo Clinic Institutional Review Board.

Setting
The initial clinical study was completed at a clinical center in 

Rochester, Minnesota (Clinical Trial Number: NCT01833507). 

Study enrollment occurred from May 1, 2013, through Septem-

ber 10, 2014. Patients had a face-to-face visit with the study 

coordinator, and written informed consent was obtained.16

Participants
Study participants were 130 community-dwelling persons 

who were overweight or obese (BMI, 25.0–29.9 kg/m2 and 

≥30 kg/m2, respectively) and had ≥7 comorbid chronic con-

ditions based on outpatient and inpatient billing codes. All 

enrolled participants received primary care through Mayo 

Clinic to reduce referral bias. This disease burden of 7 or 

more conditions correlates with extended or complex tiering 

(tier 3 or 4) based on the Minnesota Tiering Model, a clinical 

risk stratification method.17 This was calculated by a trained 

medical staff not involved in the study. Participants who 

were excluded were either enrolled in hospice or wheelchair-

bound, had uncontrolled depression (Patient Health Question-

naire 9 [PHQ-9] scores ≥10),18 or had documented dementia 

in accordance with the Short Test of Mental  Status19,20 (scores 

≤29/38). Patients were excluded if they lived in a skilled 

nursing or correctional facility. Patients were also excluded 

if they refused medical record review. All patients who had 

available step data at the end of the original study were 

included in the present study.

Outcome
The primary outcome was attainment of <5000 steps per day 

on average, as recorded by a pedometer at 4 months. Achiev-

ing <5000 steps per day has been considered to be sedentary 

status by some investigators21 and thus, the determination of 

a cut-off of 5000 steps. All participants were seen at baseline 

and had baseline information collected. 
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Predictors
The demographic, medical, and anthropomorphic data were 

collected. These included age, race, sex, elder risk assessment 

(ERA) score,22 BMI, baseline systolic blood pressure, and 

waist circumference. Age was dichotomized as <65 years and 

≥65 years on the basis of potential enrollment in Medicare. 

We dichotomized ERA score into ≥16, which represented the 

highest risk of hospital admission.22 We used a BMI cutoff 

score of ≥30 kg/m2 to represent persons with obesity.23 We 

used cutoffs of systolic blood pressure >150 mmHg24 and 

waist circumference of >102 cm, as well as a cutoff of <50 

for both the physical component summary (PCS) and the 

mental component summary (MCS) of the 12-Item Short 

Form Survey (SF-12).25 For grip strength, our cutoff was 

<25 kg. For 4 m walk time, we dichotomized at <4 s for a 

calculated gait speed of 1.0 m per s.26

The team obtained baseline average steps per day, grip 

strength, and gait speed to identify potential factors at base-

line that may affect sedentary status after 2 or 4 months of 

pedometer use. Grip strength was measured in pound per 1 

inch squared using a hydraulic hand dynamometer (Baseline, 

Fabrication Enterprise, White Plains, NY, USA). Handheld 

dynamometers are considered a practical modality to assess 

muscle strength.27 The immediate pedometer group used a 

pedometer for 4 months (Omron HJ-112; Omron Healthcare, 

Inc.,  Bannockburn, IL, USA); the delayed pedometer group 

used the pedometer for 2 months.28,29 Length of actual pedom-

eter use was also assessed. Research Electronic Data Capture 

(Mayo Clinic, Rochester, MN, USA) was used to computerize 

the collected data that were initially logged in paper.30

Patients completed the PHQ-918 and the SF-12.25 The 

PHQ-9 assesses mood; scores ≥9 indicate a possible depres-

sive disorder.18 Physical and mental quality of life (QoL) 

was measured by SF-12 Health Survey at baseline, a valid 

measure of physical and mental functioning, as well as overall 

health-related QoL. The SF-12 is a questionnaire that contains 

2 components of health summary – PCS and MCS – with 

higher scores indicating better perception of health.25,31,32 The 

SF-12 uses a normalized mean of 50 for each subscore and 

10 points for SD.25

Statistical methods
The present analysis was conducted on patients who had 

available step data. For power calculations, we used all 

available information. We compared the demographic 

characteristics, biometric information, pedometer use, and 

self-reported data between the 2 groups at baseline. For 

continuous variables, we reported mean and SD for the over-

all cohort and for persons who had ≥5000 steps and those 

with <5000 steps. We also categorized each predictor into a 

binary 2-group method. We split age into >65 years and ≤65 

years. We presented descriptive data for both continuous and 

dichotomized information. We used available information for 

determination of significance of predictors. We compared 

persons with <5000 steps per day to those with ≥5000 steps 

using logistic regression unadjusted and adjusted for age >65 

years and sex. We calculated odds ratios (ORs) with respec-

tive 95% CIs. p-values were obtained for each measurement 

to determine statistical significance, with p<0.05 considered 

significant. All analyses were conducted using JMP statistical 

software (SAS Institute Inc., Cary, NC, USA).

Results
Participants
Of 244 potential participants, 130 patients consented in the 

initial study, with 125 patients with step data for analysis 

(Table 1). Patients who had <5000 steps per day had a mean 

(SD) age of 66.4 (12.3) years versus 59.6 (16.8) years for 

those with ≥5000 steps. Of the patient population, 98% were 

white and 73% were women, and 71 of the 125 patients (57%) 

had <5000 steps daily at the end of 4 months.

Predictors of <5000 steps per day
After adjusting for age >65 years and sex, we found 6 pre-

dictors of <5000 steps per day (Table 2). We observed that 

patients aged >65 years had higher odds of <5000 steps 

(adjusted OR 2.21, 95% CI: 1.05–4.77) compared with 

patients aged ≤65 years. BMI ≥30 kg/m2 also had higher 

odds of <5000 steps per day (adjusted OR 2.69, 95% CI: 

1.20–6.26). Waist circumference >102 cm showed higher 

odds of <5000 steps (adjusted OR 2.48, 95% CI: 1.05–6.06) 

compared with waist circumference ≤102 cm. No associa-

tion was found with white race, female sex, or systolic blood 

pressure >140 mmHg and <5000 steps per day.

For functional and emotional predictors, the strongest 

predictor of <5000 steps involved having <5000 steps at 

2 months of measurement (adjusted OR 31.83, 95% CI: 

12.14–95.50) (Table 2). Thus, patients who had <5000 steps 

at the midway measurement point were likely to continue 

to have <5000 steps. We did not observe an association 

between the length of pedometer wearing time and the status 

of <5000 steps at 4 months, an observation consistent with 

the original trial findings.14 A self-rated physical QoL score 

<50 had higher odds of <5000 steps at 4 months (adjusted 

OR 6.21, 95% CI: 2.32–18.54). Patients who required >4 s 

to walk 4 m (gait speed, <1 m per s) also had higher odds 
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Table 1 Demographic and biometric characteristics at baseline

Characteristica Overall (N=125)b Patients who had ≥5000 
steps per day at 4 months  
(n=54)b

Patients who had <5000 
steps per day at 4 months 
(n=71)b

Demographic
Age, mean (SD), year 63.5 (15) 59.6 (16.8) 66.4 (12.8)
Age >65 years 63 (50) 22 (41) 41 (58)
White race 122 (98) 53 (98) 69 (97)
Female sex 91 (73) 38 (70) 53 (75)

ERA score, mean (SD) 6.3 (5.4) 4.9 (4.9) 7.3 (5.6)
ERA score ≥16 8 (6) 1 (2) 7 (10)
Biometric

BMI, mean (SD), kg/m2 33.8 (5.9) 32.4 (4.6) 34.8 (6.6)
BMI >30 kg/m2 86 (69) 32 (59) 54 (76)
Systolic blood pressure, mean (SD), mmHg 130 (14.1) 127.6 (13.1) 131.9 (14.7)
Systolic blood pressure >140 mmHg 31/124 (25) 11 (20) 20/70 (29)
Waist circumference, mean (SD), cm 113 (15) 109 (13) 117 (16)
Waist circumference >102 cm 93 (74) 36 (67) 57 (80)

Functional and emotional status
Pedometer intervention at 4 months 63 (50) 29 (54) 34 (48)
PHQ-9, mean (SD) 2.9 (2.6) 2.9 (2.8) 2.9 (2.4)
Physical QoL score, mean (SD), PCS 40.8 (9.4) 44.2 (8.8) 38.3 (9.1)
Physical QoL score <50 PCS 97/123 (79) 34/53 (64) 63/70 (90)
Mental QoL score, mean (SD) MCS 54.1 (8.1) 53.8 (8.3) 54.3 (8.0)
Mental QoL score <50 MCS 31/123 (25) 13/53 (25) 18/70 (26)
Steps at 2 months, mean (SD) 4895 (2806) 6867 (2228) 3395 (2169)
Steps <5000 at 2 months 74 (59) 11 (20) 63 (89)
Grip strength, mean (SD), kg 24.7 (9.0) 26.2 (9.0) 23.5 (9.0)
Grip strength <25 kg 70 (56) 28 (52) 42 (59)
Gait speed over 4 m, mean (SD), s 4.5 (1.3) 4.0 (0.9) 4.9 (1.4)
Gait time >4 s 73 (58) 24 (44) 49 (69)

Notes: aValues are presented as number and percentage of patients unless specified otherwise. bWhere the number of patients is less than the number cited in the column 
heading, the patient number is listed as a denominator.
Abbreviations: BMI, body mass index; ERA, elder risk assessment; lb/in2, pound per inch squared; MCS, mental component summary; PCS, physical component summary; 
PHQ-9, Patient Health Questionnaire 9; QoL, quality of life.

Table 2 Clinical characteristics and odds of achieving <5000 steps per day at 4 months

Characteristica OR (95% CI) Unadjusted 
p-valueb

Age- (>65 years) and sex-
adjusted OR (95% CI)

Adjusted 
p-valueb

Age >65 years 1.99 (0.97–4.12) 0.06 2.21 (1.05–4.77) 0.04c

White race 0.65 (0.06–7.37) 0.72 0.49 (0.02–5.35) 0.55
Female sex 1.24 (0.56–2.74) 0.59 1.57 (0.68–3.67) 0.29
ERA score ≥16 1.98 (0.97–4.12) 0.06 5.17 (0.86–99.1) 0.07

BMI >30 kg/m2 2.18 (1.02–4.77) 0.045c 2.69 (1.20–6.26) 0.02c

Systolic blood pressure >140 mmHg 1.56 (0.68–3.72) 0.30 1.40 (0.58–3.55) 0.46

Waist circumference >102 cm 2.19 (0.97–5.10) 0.06 2.48 (1.05–6.06) 0.04c

Pedometer intervention at 4 months 0.79 (0.39–1.61) 0.52 0.80 (0.37–1.62) 0.50
Physical QoL score <50 PCS 5.02 (2.00–13.99) <0.001c 6.21 (2.32–18.54) <0.001c

Mental QoL score <50 MCS 1.07 (0.47–2.46) 0.88 1.19 (0.51–2.84) 0.69

Steps <5000 at 2 months 30.78 (12.05–88.39) <0.001c 31.83 (12.14–95.50) <0.001c

Grip strength <25 kg 1.34 (0.66–2.76) 0.41 0.93 (0.38–2.29) 0.88

Time >4 s to walk 4 m 2.78 (1.34–5.88) 0.006c 2.57 (1.18–5.71) 0.02c

Notes: aCharacteristics are at baseline with steps at 2 months of intervention. bStatistical method was logistic regression and multivariable logistic regression. cSignificant 
value after adjustment for age and sex.
Abbreviations: BMI, body mass index; CI, confidence interval; ERA, elder risk assessment; MCS, mental component summary; OR, odds ratio; PCS, physical component 
summary; QoL, quality of life.
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of <5000 steps (adjusted OR 2.57, 95% CI: 1.18–5.71) than 

those who required ≤4 s. Grip strength and self-rated mental 

QoL score were not associated with <5000 steps.

Discussion
In our cohort of overweight and obese patients with multiple 

chronic conditions, we observed that patients who were 

walking <5000 steps at 2 months after study initiation had 

a more than 30-fold increased likelihood of continuing to 

walk <5000 steps at the end of 4 months. We found that 

patients with slower walking speed and lower self-rated 

physical QoL score were also more likely to have <5000 

steps, with adjusted ORs more than 2.5- and 6-fold greater, 

respectively. In addition, patients aged ≥65 years with a 

BMI ≥30 kg/m2 and waist circumference ≥102 cm had 

more than a 2-fold increased risk of taking <5000 steps 

daily. These novel findings indicate that patients who are 

not walking, feeling physically poor, older, heavier, and 

walking slowly are more likely to not walk 5000 steps per 

day after 4 months. We did not observe a difference among 

patients who had 4 months of pedometer use compared with 

2 months of pedometer use. Thus, patients most in need of 

increasing their step counts are those who are not achieving 

5000 steps per day currently.

Using step count as an outcome seems reasonable as 

patients and health care groups attempt to quantify physical 

activity. Some investigators have suggested walking ~5000 

steps a day as a sedentary lifestyle index.33 Among persons 

with age in the 40s, walking <5000 steps per day is associated 

with obesity.34 The Tasped Prospective Cohort Study had a 

total of 2576 mostly overweight or normal weight patients 

(44.1% and 32.1%, respectively) from 3 cohort studies (mean 

age, 58.8 years) who were observed for over 10 years in 90% 

of participants.35 Higher step counts linearly correlated with 

lower all-cause mortality rates (adjusted hazard ratio 0.94, 

95% CI: 0.90–0.98 per 1000 steps; p=0.004). Increasing 

baseline steps per day from <1000 to a 10,000-step guideline 

produced a mean (95% CI) decline in mortality risk of 46% 

(18%–65%).

Our observation about poor physical QoL score, slower 

gait speed, and lower step count is consistent with studies in 

different patient populations. In an Australian sample of 1232 

inactive patients and among the patient group aged 60–78 

years, injury and poor health were the most frequently cited 

barriers to physical activity.36 This finding differed from the 

groups aged 18–39 years, who stated that time was the big-

gest barrier to physical activity. A descriptive report of 75 

American Indians (mean [SD] age, 58.5 [5.7] years), 81.3% 

of whom had at least 1 self-reported chronic disease, showed 

that poor physical health, measured by SF-12 PCS, strongly 

correlated with various physical outcomes. Thus, perceived 

physical health and observed activity such as walking steps 

and gait speed may be risk factors for walking <5000 steps 

for obese patients with multiple chronic conditions. In our 

study, the mental QoL scores did not correlate with patients 

who achieved <5000 steps per day (adjusted p-value, 0.69). 

This result is consistent with some reported studies (Mansi et 

al,37 and Humphreys et al38). In other studies, depressed mood 

was associated with lower physical activity level.39,40 This 

lack of effect of mental QoL was not completely expected 

or explained.

In the present study, we did not observe that either short or 

extended pedometer use affected activity status. We hypoth-

esize that directly addressing sedentary behaviors needs to be 

a component of any activity intervention. A meta-analysis of 

33 studies by Prince and colleagues41 showed that interven-

tions focusing on sedentary behaviors resulted in clinically 

meaningful decreases in sedentary time. Focus on physical 

activity and sedentary behaviors or physical activity com-

ponents alone showed only modest reductions in sedentary 

time. Pedometer use with SMART goals did not affect step 

status in our clinical trial.14 Age >65 years, BMI >35 kg/m2, 

and waist circumference >102 cm were also associated with 

<5000 steps at 4 months. The NHANES from 2005 to 2006 

found an inverse relationship between step count and BMI 

and waist circumference in a cross-section of US patients.42 

Thus, findings from an obese participant population with 

multiple chronic conditions mirror findings from the general 

US population.

These results have practical clinical applications. Pro-

viders routinely counsel overweight and obese patients on 

lifestyle modifications to improve and increase exercise, 

which is consistent with US Preventive Services Task Force 

guidelines.43 Providers should evaluate patient clinical char-

acteristics to tailor the advice and therapeutic options. Obese 

or self-rated physically ill patients may have more problems 

implementing lifestyle interventions. Chronic disease and 

advanced age can negatively affect physical function.32 

Further clinically practical research is needed to improve 

physical activity in this population. 

The present study has practical limitations. Its sample 

size was small, and our findings have not been replicated in a 

different cohort. Data were collected prospectively, and data 

collection was complete. However, a risk of measurement 

error exists in the outcomes and predictors. In particular, the 

continuous application of the pedometer was not  verified, 
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and we cannot be certain it was used or worn correctly. An 

element of volunteer bias is possible because this cohort 

was taken from patients who volunteered for a prospective 

clinical trial. The study population was mostly white, which 

is reflective of the local population in the Upper Midwest 

of the USA.44 Despite these limitations, the study provides 

some initial utility in predicting who is at risk of <5000 steps 

after initiation of pedometer use and SMART goal setting. 

Conclusion
Patients with step counts <5000 at 2 months, a physical QoL 

score <50, and a time to walk 4 m >4 s had increased odds of 

walking <5000 steps daily at 4 months. Age >65 years, BMI 

>30 kg/m2, and waist circumference >102 cm also resulted in 

higher odds of <5000 steps. Patients who need help the most 

with their health (e.g., older, <5000 steps daily, obese, poor 

physical QoL) are those who are most likely to continue at 

<5000 steps per day. The use of pedometers and goal setting 

strategies might be one of prevention or activity maintenance for 

those patients who are already active. Different strategies may 

be required for patients with lower step counts or higher BMI.
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