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Physical activity is a critical cornerstone of successful diabetes prevention andmanagement. Current U.S. physical
activity guidelines do not differentiate among physical activity for leisure, work, or other purposes, effectively
implying that physical activity in any domain confers the same health benefits. It is currently unknownwhether
physical activity performed in different domains (leisure-time physical activity = LTPA, occupational physical
activity = OPA, and household physical activity = HPA) is associated with insulin resistance. The associations
between LTPA, OPA, HPA, and insulin resistance (indexed by homeostatic model assessment of insulin resis-
tance = HOMAIR) were determined in the MIDUS (Midlife in the U.S.; 1995–2006) national study (N = 1229,
ages 34–84). Not meeting physical activity guidelines with LTPA was associated with a 34% higher HOMAIR
among participants with diabetes, 42% higher HOMAIR among participants with prediabetes, and 17% higher
HOMAIR among participants with normal glucoregulation. These associations were slightly attenuated but
remained significant after further adjusting for obesity status, education, smoking, and alcohol intake. There
was no evidence that engaging in OPA or HPA was significantly associated with HOMAIR. These results confirm
the health-promoting role of LTPA and suggest that LTPA may provide unique glucoregulatory benefits, as
opposed to HPA and OPA. Physical activity domain is an important dimension that potentially belongs in the
guidelines, similarly to intensity, frequency, duration, and type.

© 2017 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Following the success of the Diabetes Prevention Program, physical
activity has been the main target of successful diabetes prevention ef-
forts (Knowler et al., 2002). Current U.S. physical activity guidelines
are based on the most recent scientific review of the health benefits as-
sociated with physical activity and provide specific recommendations
about optimum intensity, frequency, duration, and type of physical
activity (U.S Department of Health and Human Services, 2009). The
guidelines are based on convincing evidence that people who engage
in at least moderate intensity activity for 150 min a week have a
significantly lower risk of developing type 2 diabetes, as well as better
glycemic control if diabetes is already present. However, the guidelines
do not differentiate among physical activity for leisure, work, or other
purposes, effectively implying that physical activity in any domain
confers the same health benefits. Emerging studies have contrasted
the health benefits attributed to leisure-time physical activity (LTPA),
occupational physical activity (OPA), and household physical activity
(HPA) and have shown that the domain in which physical activity was
This is an open access article under t
performed has important implications for glucoregulation. For example,
there is consistent evidence that engaging in LTPA is associated with
lower insulin resistance and lower risk for type 2 diabetes (Honda et
al., 2015; Huai et al., 2016; Larsson et al., 2012; Meisinger et al., 2005;
Pai et al., 2016; Waller et al., 2010). However, considerably less is
known about the glucoregulatory sequelae of OPA and HPA.1 One
study found that OPA was associated with lower diabetes risk in a
Finnish sample (Hu et al., 2003), while a study in a Swedish population
found a positive relationship between OPA and insulin resistance
(Larsson et al., 2012). Contributing to the mixed findings, studies in
Asian samples have found no associations between OPA and incident
diabetes (Honda et al., 2015; Villegas et al., 2006). It is unknownwhether
OPA and HPA are associated with insulin resistance in a U.S. sample. The
main goal of this studywas to determine the associations between LTPA,
OPA, and HPA and insulin resistance in a national U.S. sample of middle
and older aged adults.
occupational physical activity; HPA = household physical activity; HOMAIR = homeo-
static model assessment of insulin resistance; GCRC = General Clinical Research Centers;
MET = metabolic equivalent; MMW = MET minutes per week
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2. Methods

2.1. Sample

Data were drawn from MIDUS, a longitudinal study of health and
well-being. MIDUS 1 began in 1995–96 as a national random digit dial
sample of non-institutionalized, English-speaking adults living in the
United States. The MIDUS study was originally designed to cover a
wide chronological range that would allow for studying transitions
into and out of midlife. A final sample of 7108 participants ages 25–74
completed telephone and mail surveys in MIDUS 1. Approximately 9–
10 years later, 4963 (75% response rate adjusted for mortality) were
successfully contacted to participate in another phone interview and
self-administered questionnaire (MIDUS 2 Survey). Participants who
completed both MIDUS 1 and MIDUS 2 Survey were invited to be part
of theMIDUS biomarker project. Participantswhowere healthy enough
to travel and consented to participate in the biomarker project were in-
vited to stay overnight at one of three regional General Clinical Research
Centers (GCRCs) at UCLA, Georgetown, or the University of Wisconsin.
Further details of the study design, recruitment, and retention are avail-
able atmidus.wisc.edu. The biological subsample of theMidlife in theUS
(MIDUS 2) national study included 1255 participants ages 34 to 84 (57%
female); the analyses are based on 1229 participants with complete
data.

2.2. Measures

2.2.1. Glucoregulation
Fasting blood glucose, insulin, and hemoglobin A1c were collect-

ed during the GCRC visits. Hemoglobin A1c was assayed via
colorimetric total-hemoglobin determination combined with an
immunoturbidimetric hemoglobin A1c assay (Wolf et al., 1984;
Zander et al., 1984). Insulin was measured with an ADVIA Centaur
Insulin assay. Glucose was measured via an enzymatic assay photo-
metrically. The homeostatic model assessment of insulin resistance
(HOMAIR), a commonly used measure of insulin resistance, was
calculated as a product of glucose (G0, mg/dl) and insulin (I0, μU/L)
divided by the constant 405: HOMAIR = (G0 × I0) / 405 (Matthews et
al., 1985). Current criteria from the American Diabetes Association
(American Diabetes Association, 2016) were used to define prediabetes
(hemoglobin A1c 5.7–6.4% or fasting glucose 100–125 mg/dl, and NOT
taking diabetes medications) and diabetes (hemoglobin A1c ≥ 6.5% or
fasting glucose ≥126 mg/dl, or taking diabetes medications).

2.2.2. Physical activity domains
Physical activity data were collected as part of medical history data

collection during the GCRC stay. Respondents were first asked if they
engaged in any type of regular physical activity for 20 min or more at
least three times a week. Those who indicated ‘no’ were classified as
non-exercisers. If a respondent answered ‘yes,’ they then provided spe-
cific type(s) of physical activity, and duration, frequency, and intensity
(light, moderate, or vigorous) of each type of physical activity. Uniform
definitions of what constituted light, moderate, and vigorous activity
were provided to respondents. As per the physical activity guidelines,
only moderate and vigorous physical activity was included in calculat-
ing the physical activity measures (U.S Department of Health and
Human Services, 2009). Data were converted to metabolic equivalents
(METs) minutes per week (MMW) following established criteria:
minutes per week of activity was multiplied by an activity factor
(Moderate = 3; Vigorous activities = 6) (Ainsworth et al., 2011). The
domain of activity (LTPA, OPA, andHPA)wasdetermined by referencing
themajor activity categories within the Compendium of Physical Activ-
ity (Ainsworth et al., 2011). OPA was determined by cross-referencing
respondents' occupation indicated earlier in theMIDUS 2 survey. Specif-
ic activities that fit in the major categories of home activities and home
repair were classified as HPA. All other activities were considered LTPA.
Federal guidelines recommend that adults engage in at least 150 min of
moderate or vigorous physical activity each week, which is equivalent
to 500 METs MMW. Therefore three binary variables were created to
reflect whether federal recommendations were met with LTPA, OPA,
or HPA.

2.2.3. Control variables
Demographic covariates included age (in years), gender (male or fe-

male), race/ethnicity (White or Other), and education levels (continu-
ous). Additional covariates included obesity (body mass index N30),
alcohol intake (ranging from0=every day to 5=never), and currently
smoking (yes or no).

2.3. Statistical analyses

First, descriptive statistics were generated. Means, standard devia-
tions, and ranges for all continuous variables and proportions for
categorical variables were examined. Hierarchical linear regression
analyses stratified by glucoregulation status (no diabetes/prediabetes/
diabetes) documented the associations among LTPA, OPA, HPA, and in-
sulin resistance. Model 1 controlled for race, gender, and age. Model 2
further added obesity status, education, smoking, and alcohol intake.
All models included LTPA, OPA, and HPA simultaneously in the same
step of the modeling.

3. Results

Descriptive statistics for all measures are presented in Table 1. The
participants were predominantly White (78%). The majority of partici-
pants showed evidence for hyperglycemia: overt diabetes was present
in 216 participants (18%) and 583 met the criteria for pre-diabetes
(47%). Approximately 35% of participants met the physical activity
guidelines with LTPA, while 9% met the physical activity guidelines
with OPA, and 9% met the physical activity guidelines with HPA.

Table 2 shows the associations observed between physical activity
and HOMAIR. Not meeting physical activity guidelines with LTPA was
associated with a 34% higher HOMAIR among participants with diabe-
tes, 42% higher HOMAIR among participants with prediabetes, and
17% higher HOMAIR among participants with no hyperglycemia
(Model 1), adjusted for age, race, and gender. These associations were
slightly attenuated but remained significant after further adjusting for
obesity status, education, smoking, and alcohol intake (Model 2).
There was no evidence that engaging in OPA and HPA was associated
with HOMAIR in any subgroup. Given the small number of participants
who reported engaging in HPA or OPA, supplemental analyses com-
binedOPA andHPA in one category inwhichphysical activity guidelines
could be met with HPA or OPA. Consistent with the findings presented
above, there was no evidence of an association between the combined
OPA/HPA category and HOMAIR.

4. Discussion

Physical activity is a modifiable health behavior whose benefits for
prevention of chronic disease cannot be overstated. This is the first
study to determine the associations among physical activity domains
and HOMAIR in middle and older aged adults across the glycemic spec-
trum. While engaging in LTPA was associated with lower HOMAIR,
there was no evidence that engaging in OPA or HPA conferred similar
beneficial effects.

The key finding regarding LTPA is consistentwith the large literature
on the health-promoting role of physical activity. While the current
physical activity guidelines suggest that OPA and HPA are options for
meeting physical activity recommendations (U.S Department of
Health and Human Services, 2009), the present study adds to the
emerging literature that questions the health benefits of OPA and HPA.
Some studies have found no significant associations between OPA and

http://midus.wisc.edu


Table 1
Descriptive Statistics in the MIDUS (Midlife in the U.S.; 1995–2006) national study of U.S. Adults.
Meeting Physical Activity Guidelines, per Domain.

Full MIDUS
Sample

Less than
500 MMW LTPA

Greater or Equal to
500 MMW LTPA

Less than
500 MMW OPA

Greater or Equal to
500 MMW OPA

Less than
500 MMW HPA

Greater or Equal to
500 MMW HPA

N = 1229 N = 793 N = 436 N = 1118 N = 111 N = 1117 N = 112

HOMAIR original value 3.58 (3.98) 4.11 (4.6) 2.61 (2.18) 3.59 (4.06) 3.50 (3.13) 3.57 (3.79) 3.71 (5.58)
HOMAIR log transformed 0.93 (0.79) 1.06 (0.81) 0.70 (0.70) 0.93 (0.79) 0.93 (0.80) 0.93 (0.79) 0.92 (0.79)
Glucoregulation

Normoglycemia 35% 30.8% 42.7% 34.9% 36% 35.4% 31.3%
Prediabetes 47.4% 48% 46.3% 47% 51.4% 46.9% 52.7%
Diabetes 17.6% 21.2% 11% 18.1% 12.6% 17.7% 16.1%

Using insulin 2.7% 3.3% 1.6% 2.8% 1.8% 2.8% 1.8%
Education 7.46 (2.53) 7.1 (2.5) 8.12 (2.49) 7.54 (2.54) 6.66 (2.31) 7.48 (2.54) 7.23 (2.47)

Race
White 78.4% 73.9% 86.5% 78.7% 74.8% 77.4% 88.4%
Other 21.6% 26.1% 13.5% 21.3% 25.2% 22.6% 11.6%

Age 54.5 (11.73) 54.72 (11.82) 54.08 (11.58) 54.90 (11.87) 50.39 (9.31) 54.16 (11.74) 57.84 (11.16)
Gender
Female 56.5% 58% 53.7% 59.3% 27.9% 56.8% 52.7%
Male 43.5% 42% 46.3% 40.7% 72.1% 43.2% 47.3%

Alcohol intake 3.53 (1.56) 3.67 (1.5) 3.28 (1.63) 3.55 (1.55) 3.32 (1.62) 3.54 (1.56) 3.40 (1.60)
Obese 41.2% 46.5% 31.4% 41.6% 36.9% 41.1% 42%
Currently smoking 13.7% 17.4% 6.9% 12.4% 26.1% 13.8% 12.5%
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cardiovascular risk factors (Sisson et al., 2009; Sofi et al., 2007) and
others have found evidence for positive associations with obesity, insu-
lin resistance, and blood pressure (Clays et al., 2012; Larsson et al.,
2012). From a physiological perspective, most benefits of physical
activity on glucoregulation are realized through acute and chronic im-
provements in glucose uptake into active muscles and better insulin
sensitivity, accomplished with aerobic and resistance training (Colberg
et al., 2010). In contrast to these health promotingmovements associat-
edwith LTPA, OPA (andHPA to a lesser degree) typically includes heavy
lifting, prolonged standing, highly repetitive work, working with the
hands lifted to shoulder height or higher and working with the back
twisted or bent forward (Lund et al., 2006), with limited opportunities
to rest when needed. Examining the physiological, biobehavioral, and
mental health correlates of physical activity is an essential next step,
as understanding these pathways is critical for developing effective pre-
ventive efforts centered around physical activity. Notably, individuals in
blue-collar occupations were approximately 50%more likely to be clas-
sified as insufficiently active (Burton and Turrell, 2000), and examining
the interactions among LTPA, HPA, and OPA on insulin resistance and
related cardiometabolic risk factors will sharpen the focus on possible
subgroup differences.

4.1. Study limitations and strengths

The findings of the present study should be interpreted in light of
study limitations. The key limitation is its cross-sectional design. Future
Table 2
Associations among Leisure-time physical activity (LTPA), occupational physical activity (OPA
stratified by glucoregulation status in the MIDUS (Midlife in the U.S.; 1995–2006) national stu

Model 1

Normoglycemia
N = 430

Prediabetes
N = 583

Diabetes
N = 216

LTPA
β (95% CI) 0.16 (0.04; 0.28)⁎ 0.35 (0.23; 0.47)⁎⁎ 0.29 (0.06; 0.52)⁎

OPA
β (95% CI) 0.08 (−0.14; 0.29) 0.16 (−0.04; 0.36) −0.04 (−0.43; 0

HPA
β (95% CI) −0.16 (−0.37; 0.06) 0.10 (−0.09; 0.29) −0.23 (−0.58; 0

Note. LPTA, OPA, and HPAmeasures are binary (1= b500 MMW in the specific domain). Mod
obesity status, current smoking status, alcohol intake, and insulin use (in diabetes group only)
⁎ p b 0.05.
⁎⁎ p b 0.01.
research that utilizes longitudinal samples will provide further insights
into the timeline and causal directionality of the associations between
physical activity and insulin resistance. Self-reported physical activity
is subject to recall bias and future studies will benefit from objectively
measuring OPA, HPA, and LTPA; doing so will provide a more precise
measure of physical activity and sharpen the focus on the underlying
mechanisms that account for the observed associations. These findings
need to be replicated in samples that contain a larger number of partic-
ipants who engage in OPA and HPA, which would allowmore power to
detect associations and also investigate possible interactions among
LTPA, HPA, and OPA. Further, the analyses were modeled to capture
risk for developing type 2 diabetes, but information was not available
on whether participants had type 1 or type 2 diabetes. Given that only
5% of Americans with diabetes have type 1 diabetes (Centers for
Disease Control and Prevention, 2014), the results are unlikely to have
been significantly affected by this misclassification. Finally, the small
numbers of non-black minority participants precluded investigating
potential race/ethnic differences in insulin sensitivity. A notable
strength was the use of different glucoregulatory biomarkers to assess
insulin resistance and ascertain glycemic status.

5. Conclusions

These findings show that the domain in which physical activity was
performed may have important implications for glucoregulation.
Patients and providers will benefit from recognizing that engaging in
), household physical activity (HPA), and Log-transformed Insulin Resistance (HOMAIR)
dy of U.S. adults.

Model 2

Normoglycemia
N = 430

Prediabetes
N = 583

Diabetes
N = 216

0.12 (0.01; 0.24)⁎ 0.22 (0.11; 0.33)⁎⁎ 0.25 (0.02; 0.48)⁎

.35) 0.08 (−0.12; 0.27) 0.08 (−0.10; 0.26) −0.01 (−0.39; 0.37)

.12) −0.07 (−0.27; 0.13) 0.09 (−0.08; 0.26) −0.18 (−0.51; 0.16)

el 1 includes LTPA, OPA, HPA, age, gender, and race. Model 2 further adjusts for education,
.
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OPA and HPAmay not be as beneficial as engaging in LTPA. If replicated
in samples with greater number of respondents who engage in OPA and
HPA, thesefindings suggest that physical activity domain is a dimension
that belongs in the guidelines. While the importance of targeting
physical inactivity is undisputed, promoting the most beneficial form
of physical activity will be informed by considering not only intensity,
frequency, duration, and type, but also domain.
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