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ABSTRACT
Aims: To quantify whether insulin therapy, and concomitant weight gain, affects
recreational physical activity and TV viewing time using data from the Outcomes
Reduction with an Initial Glargine Intervention (ORIGIN) trial.
Methods: 12,537 insulin-naïve individuals with dysglycaemia were randomised to
receive either basal insulin glargine or standard care and followed for a median of 6.2
years. Complete recreational physical activity and TV viewing time questionnaires
across baseline, 2 year follow-up and study end were available for 8,954 participants.
Differences between groups at follow-up were assessed by analysis of covariance.
Results: At follow-up, there was no difference in physical activity or TV viewing time
between those taking insulin glargine and those receiving standard care, despite body
weight increasing by 1.66 (7.56) kg in the insulin glargine group and reducing by -0.65
(7.90) kg in the standard care group (P < 0.001). The dose of insulin glargine was not
associated with changes in physical activity.
Conclusions: Despite modest weight gain, insulin glargine did not adversely impact
recreational physical activity levels within an international cohort with dysglyaemia.
ORIGIN ClinicalTrials.gov number: NCT00069784.
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INTRODUCTION

Observational research has consistently shown an association between physical
activity and the risk of cardiovascular mortality and morbidity in people with
dysglycaemia, while intervention research have shown that regular physical activity
results in improved glycaemic control in people with diabetes treated with insulin or
other glucose lowering therapies [1-3]. Physical activity is therefore considered to be
an important therapeutic tool in helping maintain functionality, glycaemic control and
low cardiovascular risk in those with type 2 diabetes [4]. Independent of physical
activity levels, time spent in sedentary (sitting) behaviours, such as TV viewing, have
been associated with an increased risk of mortality and cardiovascular disease and
worse metabolic health in the general population and in those with a high risk, or
diagnosed, type 2 diabetes [5-7]. Despite this, little is known about the potential impact
of commonly used medications on habitual levels of physical activity and sedentary
behaviour. This is particularly relevant to therapies that may cause weight gain, such
as insulin. The relationship between physical activity, sedentary behaviour and body
weight is likely to be bi-directional, with weight gain leading to reductions in levels of
physical activity [8-10]. Therefore, it is possible that therapies causing weight gain may
also lead to reduced physical activity and increased time spent sedentary. Other
factors such as the severity of side effect or the perceived risk of undertaking strenuous
movement may further affect levels of physical activity in patients with type 2 diabetes.
This hypothesis needs further investigation in order to inform clinical decision making
when initiating a new therapy or increasing the dose of an existing therapy.
The aim of this study is to investigate the long-term effect of insulin glargine on levels
of recreational physical activity and TV viewing time in a large international study.
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SUBJECTS, MATERIALS AND METHODS
STUDY DESIGN
This paper reports data from the insulin arm of the ORIGIN (Outcome Reduction with
Initial Glargine Intervention) trial, a multicentre, randomised 2x2 factorial trial designed
to investigate the effect of open label insulin glargine and ω-3 fatty acids on
cardiovascular morbidly and mortality in 12,537 adults with dysglycaemia recruited
between September 2003 and December 2005. The design, CONSORT diagram and
primary outcomes from the study have been reported previously [11-13]. In brief,
participants were recruited from 40 different countries and included if aged ≥50 years,
were at high risk for a CV event and had either impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), newly detected or established type 2 diabetes treated with 0
or 1 oral therapies. Participants were followed up for a median of 6.2 years with the
trial completed in December 2011.
Participants allocated (1:1) to insulin glargine had it added to their pre-existing
glycaemic regimen, and titrated the dose to achieve a self-measured fasting blood
glucose of 95 mg/dl (5.3 mmol per litre) or less [11,13]. Participants allocated to
standard care continued their pre-randomisation therapy. Insulin was only considered
when maximal doses of two different oral glucose lowering therapies were not sufficient
to maintain adequate glucose control. Individuals in both groups received basic lifestyle
advice at randomisation and again at subsequent follow-up visits.
PHYSICAL ACTIVITY
Recreational physical activity was assessed at baseline, 24 months and study end by
a modified version of the Minnesota Leisure Time Physical Activity Questionnaire [14].
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The questionnaire contained a list of 38 common moderate- and vigorous-intensity
leisure time physical activities, including walking for exercise, hiking, bicycling, and
gardening or yard work. Participants were asked to recall all activities that they had
undertaken more than 10 times in the last 12 months, indicate the month or months of
the year the activity occurred in, provide the average number of times per month on
which the activity was undertaken and the average duration of each bout. Lack of
participation in any physical activity more than 10 times in the previous 12 months or
participation in activities not listed were also captured. At baseline, 475 (4%)
participants provided information on activities undertaken in addition to those listed;
separately listed walking-based activities were included. Each listed activity was
assigned an intensity value in METs based on published data [15]. Activities were
categorised as walking, other moderate-intensity or vigorous-intensity physical activity.
A summary activity score in MET-hr/week was computed for each activity category and
for total physical activity.
The method of capturing physical activity in the preceding 12 months employed in this
study has been widely used through the Minnesota Leisure Time Physical Activity
Questionnaire and the Kuopio Ischaemic Heart Disease Risk Factor 12 Month Physical
Activity History questionnaire and has been shown to compare favourably to other
questionnaire formats for intra-person variability whilst having similar levels of validity
[16-19].
DEMOGRAPHIC, ANTHROPOMETRIC AND BIOCHEMICAL MEASURES
Demographic (geographical region, age, sex, employment status, education status,
smoking status) anthropometric (weight, height, waist circumference, blood pressure),
biochemical (fasting glucose, 2-hour post-challenge glucose, HbA1c, total cholesterol,
HDL-cholesterol, triglycerides, urine albumin to creatinine ratio), medication status,
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dysglycemia status, and history of cardiovascular disease were captured at baseline
using standardised procedures [13].
STATISTICAL ANALYSIS
Study participants with physical activity data available at all three time points (baseline,
24 months and study end) were included in the analysis for physical activity. Similarly
those with complete TV viewing data were included in the analysis for TV viewing.
Differences between insulin glargine treatment and standard care in levels of total
moderate-to-vigorous physical activity (MVPA), vigorous-intensity physical activity,
walking activity, other moderate-intensity physical activities and TV viewing time were
assessed at 24 months and study end through analysis of covariance (ANCOVA)
modelling that adjusted for baseline level, ω-3 fatty acid allocation, baseline diabetes
status, and the presence or absence of a history of a cardiovascular event. Interaction
analysis was undertaken to investigate whether sex or glycaemic status at baseline
(IGT/IGR vs. type 2 diabetes) modified the effect of insulin glargine on physical activity
levels.
In order to further explore the impact of insulin dose on physical activity levels, data
from the insulin glargine group was used to undertake a repeated measures ANCOVA;
measures of physical activity and TV viewing at 24 months and study end were used
as dependant variables with the last recorded insulin dose preceding the clinical visit
at 24 month and study end used as a time varying independent variables. Insulin doses
were assessed at a median of 123 days (IQR 119, 128) before the assessment of
physical activity and TV viewing at 24 months and 54 days (36, 64) at study end, thus
the analysis investigates the effect of insulin dose on subsequent changes to physical
activity and TV viewing. Analysis for physical activity at follow-up was adjusted for
6

baseline physical activity and sex, along with the following additional baseline factors:
age, region, statin use, weight, fasting blood glucose, cholesterol, triglycerides, and
urine albumin to creatinine ratio. Analysis for TV viewing time was adjusted for:
baseline TV viewing time, gender , age, region, statin use, weight, BMI, fasting blood
glucose, HbA1c, cholesterol, and triglycerides. In addition, both models were further
adjusted for changes to body weight to assess whether any observed associations
were attenuated by weight gain. Baseline covariates were chosen as factors
associated with insulin dose at 24 months, adjusted for baseline total physical activity
(physical activity factors) or baseline TV viewing time (TV viewing time factor).
Interaction analysis was undertaken to investigate whether glycaemic status at
baseline or sex modified the results of the regression analysis.
All analysis was 2-sided; p< 0.05 was considered significant. Adjustment was not made
for multiple testing with findings interpreted in relation to the overall pattern of results.
Results are presented as means (SD), unless specified otherwise.

RESULTS
In total, 8954 participants (71% of those randomised) had complete physical activity
data and were included for the physical activity analysis; 9639 (77%) had complete TV
viewing data. Differences in baseline characteristics between those included and
excluded for physical activity data are presented in Supplemental Table S1; the only
difference was that 35.4% of those included were female compared to 33.9% of those
excluded.
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The study characteristics, baseline physical activity levels and TV viewing time of those
with complete physical activity data, stratified by study group, are displayed in Table
1.
Of those randomised to the insulin glargine group and included in this study, 94% were
compliant to their insulin regime after 2 years and 85% by study end. At 24 months the
median insulin glargine dosage was 24 units (IQR 14, 42) increasing to 29 units (14,
47) by study end. After 24 months 3% participants in the standard care group were
receiving insulin therapy which increased to 11% by the study end. Over the course of
the study body weight increased by 1.66 (SD 7.56) kg in the insulin glargine group and
reduced by 0.65 (7.90) kg in the standard care group (P < 0.001 for difference between
groups).
Table 2 shows the change to recreational physical activity levels and TV viewing time
from baseline for both groups at 24 months and study end and the adjusted effect of
the insulin glargine group compared to standard care. There was no difference
between groups in change in recreational physical activity levels or TV viewing time by
study end, although there was a slight increase in walking levels reported at 24 months
in the insulin glargine group compared to the standard care group of 0.66 ( 95% CI,
0.01, 1.31) MET-hrs/week. Interaction analysis revealed results were not modified by
sex or baseline glycaemic status at either 24 months or study end (p > 0.05 for all
interactions).
Table 3 shows the associations between insulin dose and recreational physical activity
levels in the insulin glargine group. Insulin dose was not associated with total, vigorousintensity, moderate intensity, or walking activity. However, there was a weak
association for TV viewing whereby each unit difference in insulin dose was associated
with a 0.7 (95% CI 0.1,1.3) min/week difference in TV viewing time. However, the
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association with TV viewing disappeared after further adjustment for change in weight
(Table 3). Association for insulin dose with recreational physical activity and TV viewing
were not modified by sex or glycaemic status (p > 0.05 for all interactions).

DISCUSSION
This study suggests that treatment with insulin glargine does not affect recreational
physical activity levels or TV viewing time compared to standard care treatment largely
based on oral glucose lowering therapies. To our knowledge this is the first study to
investigate the impact of insulin therapy on physical activity levels and TV viewing.
While the initiation of insulin therapy in type 2 diabetes is known to cause weight gain,
the effect on related lifestyle factors has not been investigated [20]. This is an important
limitation as weight gain has been shown to reduce physical activity levels [8-10],
making it possible that weight gained through insulin therapy results in further
deleterious effects on lifestyle behaviours. However, despite a modest level of weight
gain in the insulin glargine group compared to standard care over the course of the
trial (around 2kg), this study did not find evidence to support this hypothesis.
Specifically, patients randomised to receive insulin glargine had similar levels of
physical activity and TV viewing time at follow-up as those receiving standard care.
Further analysis confirmed that the dose of insulin glargine was not associated with
reduced physical activity. Small increases in TV time were observed with higher insulin
doses although differences were unlikely to be clinically meaningful; more than an 80
unit difference in insulin glargine dose was needed for a 60 minute difference in TV
viewing per week.
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It is possible that the amount of weight gain seen in this study was insufficient to
adversely affect physical activity levels. In previous observational analyses, a modest
weight gain of between 0.5 to 2.0 kg per year was associated with an increased
likelihood of becoming physically inactive and an experimental study revealed that 3.6
kg weight gain over the short term was associated with a reduction in walking distance
in both obese and lean individuals [8,10]. However our results from a randomised trial
over the longer term are consistent with another large international trial in people with
impaired glucose tolerance which found that changes to weight over a 6 year period
were not associated with changes to objectively assessed daily ambulatory activity
[21]. It also remains a possibility that the effect of weight gain was modified by other
concomitant effects of insulin glargine, for example improved quality of life and
treatment satisfaction which may offset the potential for deleterious effects of weight
gain on health behaviour [22-25].
The major strength of the this study was the randomised design; previous studies
looking at the relationship between weight gain and physical activity levels have relied
on observation or short term experimental studies. Other strengths included the large
international cohort, and rigorously measured insulin adherence with both medium and
long-term follow-up. While investigating a specific, commonly used, long acting insulin
is an additional strength, the potential lack of generalizability to other insulin regimes
is a limitation. This is particularly important in relation to weight gain. Longer acting
insulins are known to confer lower risk of hypoglycaemia and result in less weight gain
than other short, biphasic or intermediate acting insulins [26-28]. Therefore it is
possible that the effects of other commonly used insulin regimes on physical activity
levels may be more prominent than those observed in this study. The study population,
which included individuals with prediabetes, newly diagnosed or well controlled type 2
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diabetes, is also unlikely to be representative of patients initiating insulin therapy within
routine clinical care; conversely it may be viewed as clinically reassuring that starting
early initiation of basal insulin does not adversely affect recreational physical activity
levels. Furthermore, this study was limited to participants who completed the 24 month
and final study visit; although there was no meaningful difference at baseline between
those that were included and excluded in this analysis, it is possible that the exclusion
of participants unable to attend follow-up visits increased the likelihood of a null result.
Another important limitation is the use of self-reported physical activity levels which
have limited validity and high levels of error [29]. However, the sample size and study
design may have mitigated this limitation. Specially, by using physical activity as a
dependant rather than independent variable, results were at lower risk of regression
dilution and the increased variation caused by random error was countered by the large
sample size, thus reducing the risk of a type 2 error [30]. Nonetheless, the effect of
insulin glargine on physical activity may have been underestimated. In addition, as
levels of reported physical activity are dependent on the type of questionnaire used,
with both higher and lower self-reported physical activity levels observed in similar
populations[31,32], we were not able to assess the generalisability of physical activity
levels within ORIGIN.
In conclusion, insulin glargine therapy did not adversely affect recreational physical
activity levels or TV viewing in people with dysglycaemia. Whether these results are
generalizable to shorter acting insulin therapies, populations with worse glycaemic
control, or other glucose lowering medications that cause weight gain remains unclear.
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Table 1: Baseline characteristics of study participants with complete physical activity data
N

Overall

Glargine

Standard Care

Age

8954

62.75 (7.41)

62.78 (7.39)

62.71 (7.42)

Female

8954

3171 ( 35.4)

1486 (33.3)

1685 (37.5)

North America & Australia

8954

1070 (11.9)

537 (12.0)

533 (11.9)

Mexico & South America

8954

2602 (29.1)

1266 (28.4)

1336 (29.7)

Europe

8954

4436 (49.5)

2229 (49.9)

2207 (49.1)

India

8954

271 (3.0)

142 (3.2)

129 (2.9)

Asia/Pacific

8954

575 (6.4)

289 (6.5)

286 ( 6.4)

Current smoking

8954

1005 (11.2)

488 (10.9)

517 (11.5)

>12 yrs of education

8953

3563 (39.8)

1799 (40.3)

1764 (39.3)

Employed

8552

2853 ( 33.4)

1437 (33.7)

1416(33.0)

Unemployed

8552

460 (5.4)

231 (5.4)

229 (5.3)

Homemaker

8552

996 ( 11.6)

461 (10.8)

535 (12.5)

Never worked

8552

52 (0.6)

28 (0.7)

24 ( 0.6)

Retired

8552

4191 (49.0)

2105 (49.4)

2086 (48.6)

Social security

8552

402 (4.7)

201 (4.7)

201 (4.7)

Prior diabetes

8954

7287 (81.4)

3636 (81.5)

3651 (81.3)

New diabetes

8954

554 (6.2)

273 (6.1)

281 (6.3)

IGT or IFG

8954

1112 (12.4)

554 (12.4)

558 (12.4)

Hypertension

8954

7054 (78.8)

3516 (78.8)

3538 (78.8)

Hyperlipidemia

8954

5987 ( 66.9)

2967 (66.5)

3020 (67.2)

Any albuminuria(measured 8954
or known)

1325 (14.8)

654 (14.7)

671 (14.9)

Previous CV event

8954

5134 ( 57.3)

2594 (58.1)

2540 (56.6)

Previous revascularization

8954

3021 (33.7)

1517 (34.0)

1504 (33.5)

Metformin

8954

2490 (27.8)

1222 (27.4)

1268 (28.2)

Sulfonylurea

8954

2495 (27.9)

1267 (28.4)

1228 (27.3)

CVD medication
characteristics
Statin

8954

4944 (55.2)

2488 (55.7)

2456 (54.7)

Beta blocker

8954

4778 (53.4)

2377 (53.3)

2401 ( 53.5)

Thiazide

8954

1683 (18.8)

812 (18.2)

871 ( 19.4)

ACE/ARB

8954

6160 (68.8)

3080 (69.0)

3080 (68.6)

ASA or Antiplatelet

8954

6235 (69.6)

3107 (69.6)

3128 (69.7)

Geographical region

Employment status

Glycaemic characteristics

Clinical characteristics

Glycaemic medication
characteristics
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Table 1 (Continued)
N

Overall

Glargine

Standard Care

Weight(kg)

8953

83.58 ( 16.88)

83.51 ( 16.56)

83.64 ( 17.20)

BMI (kg/m2)

8950

29.88 ( 5.20)

29.74 ( 5.12)

30.01 ( 5.28)

Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)

8951

145.16 (21.23)

145.16 ( 21.02)

145.15 ( 21.43)

8950

84.25 (11.81)

84.22 ( 11.77)

84.28 ( 11.86)

Fasting blood glucose
8947
(mmoi/L)
2hr blood glucose (mmol/L) 1647

7.30 (1.92)

7.31 (1.91)

7.29 ( 1.94)

9.78 (2.95)

9.74(2.93)

9.81 (2.97)

DCCT HbA1c (%)

8865

6.49 (0.95)

6.50 (0.94)

6.47( 0.95)

IFCC HbA1c (mmol/mol)

8865

47 (10)

47 (10)

47(10)

Cholesterol (mmol/L)

8943

4.89 (1.19)

4.89 (1.19)

4.89 ( 1.19)

HDL Cholesterol (mmol/L)

8905

1.19 (0.32)

1.19 (0.32)

1.20 ( 0.32)

Median TG (mmol/L) (IQR)

8926

1.60 ( 1.10, 2.21)

1.58 ( 1.11, 2.22)

1.60 ( 1.10, 2.20)

Urine albumin to creatinine
ratio (mg/mmol)
Total physical activity
(METs-hrs/week)
Vigorous intensity physical
activity (METs-hrs/week)

8749

0.53 ( 0.26, 1.66)

0.53 ( 0.26, 1.68)

0.54 ( 0.26, 1.64)

8954

24.38 (33.05)

25.02 (34.20)

23.73 (31.87)

8954

5.29 (15.72)

5.31 ( 6.57)

5.27 ( 14.84)

Walking (MET-hrs/week)

8954

11.21 (19.33)

11.47 ( 19.44)

10.95 ( 19.23)

Other moderate intensity
physical activity (METhrs/week)

8954

7.87 (19.12)

8.24 ( 20.35)

7.51 ( 17.82)

TV viewing time (hrs/week)

8913

19.58 (11.58)

19.61 ( 11.43)

19.55 ( 11.74)

Anthropometric,
biomedical and lifestyle
characteristics

Parametric data as mean (SD), non-parametric data as median (IQR) and categorical data as number (%).
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Table 2: Change in physical activity and TV viewing within and between groups at 24 months and study end
Insulin Glargine

Standard care

Difference between groups (Insulin Glargine-Standard care)*

N

Adjusted Means (SE)

N

Adjusted Means (SE)

Adjusted Means (95% Cl)

p

Change at 24 months

4463

0.13 ( 0.60)

4491

0.00 ( 0.60)

0.13 ( -0.89-, 1.14)

0.806

Change at study end

4463

-3.40 ( 0.65)

4491

-2.68 ( 0.65)

-0.72 ( -1.82, 0.38)

0.199

Change at 24 months

4463

-0.26 ( 0.30)

4491

0.23 ( 0.30)

-0.49 ( -0.99, 0.01)

0.054

Change at study end

4463

-1.00 ( 0.27)

4491

-0.76 ( 0.27)

-0.24 ( -0.70, 0.21)

0.299

Change at 24 months

4463

0.61( 0.39)

4491

-0.05 ( 0.38)

0.66 ( 0.01, 1.31)

0.045

Change at study end

4463

-1.32( 0.43)

4491

-1.33 ( 0.43)

0.01 ( -0.71, 0.74)

0.967

Change at 24 months

4463

-0.18 ( 0.36)

4491

-0.17 ( 0.36)

-0 01 ( -0.61, 0.60)

0.977

Change at study end

4463

-1.02 ( 0.38)

4491

-0.55 ( 0.38)

-0.47 ( -1.11, 0.16)

0.144

Change at 24 months

4808

-0.03 ( 0.23)

4831

0.19 ( 0.23)

-0.23 ( -0.61, 0.16)

0.254

Change at study end

4808

1.97 ( 0.29)

4831

2.17 ( 0.28)

-0.20 ( -0.67-, 0.28)

0.416

Total physical activity (METhrs/week)

Vigorous-intensity physical
activity (MET-hrs/week)

Walking-intensity physical
activity (MET-hrs/week)

Other moderate-intensity
physical activity (MET-hrs/week)

TV viewing time (hrs/week)

*= model adjusted for baseline physical activity, omega 3 allocation, baseline diabetes, and presence or absence of a history of a CV event.
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Table 3: Association of insulin dose with change to physical activity levels and TV viewing time
Model 1

Model 2

Regression coefficient
(95% CI)*

P value

Regression coefficient
(95% CI)*

P value

Total physical
activity

-0 024 (-0 049, 0.001)

0.057

-0 017 (-0 043, 0.010)

0.221

Vigorous-intensity
physical activity

-0 011 (-0 021, 0.000)

0.052

-0 010 (-0 021, 0.002)

0.105

Walking Activity

-0 015 (-0 032, 0.002)

0.083

-0 011 (-0 029, 0.007)

0.244

Other moderateintensity physical
activity

0.002 (-0 013, 0.017)

0.779

0.002 (-0 014, 0.018)

0.801

TV viewing

0.012 ( 0.001, 0.022)

0.028

0.009 (-0 002, 0.020)

0.107

* = coefficients display the change in physical activity (MET-hrs/week) or TV viewing time (hrs/week)
per unit difference in insulin glargine dose
Model 1 adjusted for length of follow-up, baseline value, sex, age geographical region, statin
medication status, weight, fasting blood glucose, total cholesterol, triglycerides. Physical activity data
additionally adjusted for urine ACR and TV viewing data for HbA1c.
Model 2: additionally adjusted for change in weight
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