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Abstract: Exercise is essential for managing type 2 diabetes, however approximately only 40% of people with the condition 
meet guidelines. The aim of this review is to examine the evidence regarding the use self-report measures of affect to understand 
and predict exercise adherence. Self-reported affect has been successfully used to regulate exercise intensity, monitor training 
load, prevent injury, and predict future physical activity participation in otherwise healthy and some clinical populations. 
Specific recommendations are provided for research to explore the utility of self-report measures of affect to promote exercise 
adherence in people with type 2 diabetes.   
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1. INTRODUCTION 

Given the increasing prevalence of type 2 diabetes 
(T2D) globally, the associated health and economic burden, 
and the known benefits of exercise for T2D, it is important 
to promote adoption, adherence and maintenance of 
exercise in this population. While a range of psychosocial 
variables have been used to understand exercise adherence 
in T2D, research has not considered self-report measures of 
affect. The current review aims to examine the evidence for 
the utility of self-report measures of affect to optimise 
exercise adherence to inform the use of these measures in 
people with T2D. Information is presented on the 
association between affect and exercise, how to assess 
exercise-related affect, the moderators of exercise-related 
affect, and the use of affect measures to understand exercise 
adherence. These findings, which are primarily from 
otherwise healthy populations, are discussed with specific 
recommendations for future research and practice in this 
field to promote exercise adherence in people with T2D. 

2. BURDEN OF TYPE 2 DIABETES 

Diabetes is a group of metabolic diseases characterized 
by chronic hyperglycaemia [1]. In 2010, there were 285 
million adults worldwide with diabetes [2]. This is predicted 
to increase to 592 million by 2035 [3]. With this increasing 
prevalence comes a significant global economic burden. In 
2012, the estimated total cost of diagnosed diabetes was 
USD $245 billion, which was a 41% increase from 2007. 
This covers hospital inpatient care, prescription 
medications, diabetic management supplies, physician 
visits, and nursing/residential facility stays [4]. This cost is 
estimated to rise to USD $490 billion by 2030 [5]. 

T2D represents 90-95% of all diabetes cases [6]. T2D is a 
result of reduced insulin production by the β cells of the 
pancreas and/or increased resistance to the effects of insulin 
in the cells of major target organs (i.e. muscles and liver),  
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despite high concentrations in the blood [7]. Although the 
specific causes are unknown, T2D is often attributed to 
modifiable risk factors such as physical inactivity, obesity 
and poor diet. 

2.1 Benefits of exercise for type 2 diabetes 

Exercise is one of the key components in the 
management of T2D, to be used as the first line treatment 
with diet modification. The benefits of exercise for T2D 
include, but are not limited to, improved glycaemic control, 
reduction of visceral adipose tissue, reduction in plasma 
triglycerides, increased cardiorespiratory fitness, increased 
glucose uptake into active muscles, improvement in acute 
insulin action, and improvement in vascular function [8-12]. 
These benefits also reduce the risk of developing or 
advancing significant macrovascular and microvascular 
complications [13-15].  

The guidelines for exercise training for T2D are 210 
minutes/week of moderate intensity aerobic exercise (i.e. 
40-59% VO2 reserve) over at least 3 days/week. Vigorous 
intensity exercise (i.e. >60% VO2 reserve) may confer 
additional health benefits and can be completed over 125 
minutes/week. Moderate to vigorous intensity (i.e. 70-84% 
1 RM) resistance exercise should also be included on at least 
2-3 days/week. This should comprise 5-10 exercises at 2-4 
sets of 10-15 repetitions at a moderate intensity, progressing 
to 8-10 repetitions to fatigue. [8, 16]. People with T2D may 
also be advised to meet the current physical activity (PA) 
guidelines for general health which are 150 to 300 
minutes/week of moderate intensity activity (or 75 to 150 
minutes/week of vigorous intensity, or the equivalent of a 
combination of activities), as well as muscle strengthening 
activities on at least two days/week [17]. 

3. EXERCISE ADHERENCE IN PEOPLE WITH 
TYPE 2 DIABETES 

Despite the plethora of benefits of exercise for people 
with T2D, participation levels are typically low. Morrato, 
Hill, Wyatt, Ghushchyan and Sullivan (2007) surveyed 
23,283 adults and found that only 39% of Americans with 



  
 

T2D performed >30minutes of moderate or vigorous 
intensity activity, three times per week [18]. This is much 
lower than the participation rate of the general American 
population of 52% [19]. Thomas, Adler and Leese (2004) 
found 34% of British adults with T2D were physically 
active with only 9% achieving an intensity which would 
cause a significant change in respiration and heart rate [20]. 
This is also much lower than the UK national participation 
level of 61% [21]. In Australia, 57% of people with T2D are 
meeting the PA guidelines [22], which is comparable to the 
general population rates [23]. However, for those 
Australians with T2D and peripheral neuropathy, a common 
complication of T2D, adherence is much lower at 49% [22]. 

Furthermore, people with T2D who initiate an exercise 
program often struggle with continued participation. In the 
GREAT2DO study, 10 of the 49 participants (20.4%) with 
T2D in the exercise intervention dropped out before 12 
months [24]. In the DARE study, which investigated the 
effects of combined aerobic and resistance training in 
people with T2D, 27 out of 186 participants (15%) in the 
exercise groups withdrew prior to completing the six month 
intervention [25]. Dunstan et al. (2005) found that exercise 
adherence in people with T2D dropped by approximately 
15% (p<0.05) within six months of completing the six 
month intervention, and the frequency of exercise 
(days/week) decreased from 2.8 to 2.2 (p<0.05) [26].  

4. AFFECTIVE RESPONSES TO EXERCISE 

PA participation and adherence in people with T2D may 
be adversely impacted by negative affective responses to 
exercise [27-29]. Affect is the subjective experience of any 
emotion and is traditionally classified as positive or 
negative [30, 31]. It is determined by body sensations (e.g. 
feeling energised/exhilarated or pain/discomfort) and/or 
cognitive appraisals (e.g. perceptions of achievement, 
competence or failure/threat) [32]. Affective judgements of 
PA include future affective expectations (e.g. PA would be 
pleasant), judgments of past performances (e.g. PA was 
enjoyable), and the concurrent affective experience 
associated with PA (e.g. PA makes me happy) [29].  

4.1 Measurement of affect in exercise settings 

Commonly used questionnaires to measure affect in 
exercise settings include the Positive and Negative Affect 
Schedule (PANAS), the Profile of Mood States (POMS), 
and the Feeling Scale (FS). Developed by Watson, Clark & 
Tellegen (1988), the PANAS consists of two 10-item mood 
scales; positive (attentive, interested, alert, excited, 
enthusiastic, inspired, proud, determined, strong, active) 
and negative (distressed, upset, hostile, irritable, scared, 
afraid, ashamed, guilty, nervous, jittery) [33]. Responses are 
scored on a 5-point scale, indicating the degree to which 
each emotion is being felt during the nominated referent 
period (e.g. at the present time, in the past week). The 
PANAS is a reliable and valid measure [33, 34]. With the 
advantages of good sensitivity and relative brevity, the 
PANAS has commonly been used pre- and post-exercise 
interventions to determine the impact on state affect [35, 
36].  

The POMS was developed by McNair, Lorr & 
Droppleman [37]. It provides an in-depth assessment of 
affect, measuring six aspects of mood (anxiety/tension, 
depression/dejection, anger/hostility, 
confusion/bewilderment, vigour/activity, fatigue/inertia) 
via a 65-item, 5-point adjective rating scale. Possible 
responses range from 0 (not at all) to 4 (extremely), with 
higher scores indicating a more negative mood. The POMS 
has been shown to have good reliability (internal 
consistency and test-retest) [38] and validity (convergent 
and discriminant) [39, 40] for use with a range of 
populations. This includes with athletes as a marker for 
overtraining [41, 42], as well as in clinical populations to 
monitor psychological wellbeing with exercise [43, 44].  

The FS is a basic, one item bipolar scale with 11 
response options; the response anchors are +5 Very Good, 
+3 Good, +1 Slightly Good, 0 Neutral, +1 Slightly Bad, -3 
Bad, -5 Very Bad [45]. Given its simplicity, it has been 
utilized in a variety of exercise studies to evaluate dynamic 
changes in affect during exercise [27, 30, 45, 46], with 
demonstrated validity in this context [47]. However, due to 
it being a single item scale, responses may vary significantly 
between and within respondents, especially as the demands 
of exercise increase [45].  

4.2 Moderators of affective responses to exercise 

Acutely, exercise can produce improvements in positive 
affect (e.g. increased vigour) and negative affect (e.g. 
decreased anxiety) [48], with this effect lasting for 30-60 
minutes following the session [49-51]. A number of 
behavioural, psychological, physiological, environmental 
and social variables impact a person’s affective judgments 
towards exercise. Three strong variables are perceived self-
efficacy, current PA levels, and intensity of exercise. 

4.2.1 Perceived self-efficacy 

Self-efficacy is defined as “beliefs in one’s capabilities 
to organize and execute the courses of action required to 
produce given attainments” [52]. Exercise self-efficacy is 
related to the affective response to exercise, with recurring 
positive affective responses increasing exercise-related self-
efficacy [27, 48, 53, 54]. McAuley, Talbot and Martinez 
(1999) randomized 46 college women to receive either 
high- or low-efficacy feedback about their exercise 
performance. Participants in the high-efficacy group 
consequently reported more positive, and less negative, 
exercise-related affect than the low-efficacy group. Efficacy 
was also significantly related to positive FS responses 
during and after physical activity in the high-efficacy 
condition [55]. Welch, Hulley and Beauchamp (2010) also 
found that during-exercise self-efficacy is a strong predictor 
of during-exercise affect [56].  

 

4.2.2 Current physical activity levels 



 
 

Current PA level is also related to the affective response 
to exercise [28]. More active individuals experience higher 
levels of positive affect and tranquillity, and lower levels of 
negative affect and fatigue during exercise than their 
inactive counterparts [57-59]. Although both exercisers and 
non-exercises experience reduced mood disturbance 
following exercise. This effect is almost doubled in 
exercisers than non-exercisers [59]. Further, anticipated 
negative emotions (i.e. the feelings that individuals expect 
if they were to perform an undesirable behaviour) are more 
likely among infrequent exercisers compared to frequent 
exercisers [60, 61]. 

4.2.3 Intensity of exercise 

An inverse relationship has been shown between 
exercise intensity and positive affective responses [62, 63], 
both during and immediately following an exercise bout 
[64]. A recent scoping review of 42 articles determined that 
affect was more negative during high intensity interval 
training (HIIT) than both moderate intensity continuous 
training (MICT) and vigorous intensity continuous training 
(VICT). Further, mood disturbance was lower following an 
acute MICT or VICT session than HIIT [65].  

An association is also present with self-selected 
intensity versus imposed intensity. Self-paced exercise 
leads to a more positive during-exercise affective response 
than prescribed moderate intensity exercise [66]. Rose and 
Parfitt (2012) compared affective responses to exercise 
performed at a self-selected and a prescribed intensity close 
to ventilatory threshold More women in the prescribed than 
the self-selected intensity condition experienced a decline 
in FS ratings, and fewer women experienced an increase in 
FS in the prescribed than the self-selected condition [57]. 
Similarly, Ekkekakis & Lind (2005) found that overweight 
women showed a significant decline in ratings of pleasure-
displeasure when the exercise intensity was imposed [67]. 

4.2.4 Other factors 

Age and diurnal preferences for exercise are also 
potential moderators of exercise-related affect. One study 
found that older women experienced higher FS responses 
and higher overall positive engagement and tranquillity 
immediately following exercise compared to younger 
women [68]. Another study found that performing HIIT at 
a time of day that does not correspond to circadian 
preference can lead to increased mood disturbances [69]. 

5. USE OF AFFECT TO UNDERSTAND AND 
PROMOTE EXERCISE ADHERENCE  

Affect data has been used to predict physical activity 
participation [27]. Affect has also been used to self-regulate 
exercise intensity [30], monitor enjoyment [63], modify 
external training load [41] and predict progression towards 
adverse health outcomes (e.g. injury)[70], each of which 
can impact exercise adherence. Such studies have typically 

included athletes [41, 42, 70-73], otherwise healthy active 
or inactive adults [74-80] and adolescents/children [81-84], 
rather than focussing on clinical populations such as T2D. 

5.1 Affect predicts physical activity intentions and 
participation 

Basic affective responses predict 6- and 12-month PA 
participation in otherwise healthy populations [27, 82, 85]. 
Affect (including positive change in affect) reported during 
exercise has been positively associated with minutes/week 
of PA in cross-sectional and longitudinal studies [28, 86]. 
Consistent with the hedonic theory which states that human 
behaviour is motivated by the avoidance of pain and pursuit 
of pleasure [87-89], positive affect can assist in the 
translation of intention into behaviour [90] and ultimately 
influences the decision to engage in, adhere to or drop out 
of exercise [63].  

5.2 Using affect to self-regulate exercise intensity 

Numerous studies have examined exercise participants’ 
ability to self-regulate exercise intensity using measures of 
affect. When based on their affective response, both inactive 
and active healthy males and females, select an intensity of 
approximately 55% 1RM for resistance exercise and 
slightly above ventilatory threshold/50% VO2 max for 
aerobic exercise, which is equivalent to or above the 
suggested intensity to provide health and fitness benefits 
[74, 76, 77, 80, 83, 91]. Allowing participants to choose the 
intensity at which they exercise based on their affective 
response results in increased perceived autonomy and 
control [74, 92]. This in turn promotes adherence as 
indicated by a significant improvement in weekly PA levels 
[66, 79, 82], compared to heart rate-guided prescription.  

5.3 Modifying training load using affect 

Morgan, Brown, Raglin, O’Connor & Elickson (1987) 
determined that there is a dose-dependent relationship 
between affect and external training load; that is, mood 
disturbance increases progressively with incremental 
increases in training load, and a reduction in the training 
load results in an improved mood state [93]. Morgan, 
Costill, Flynn, Raglin & O’Connor (1988) later 
corroborated this phenomenon over a shorter term with a 
sudden increase in training load lasting only 10 days causing 
significant psychological changes [94].  

By monitoring the affective response to exercise and 
changes in mood states, exercise professionals are able to 
adjust the intensity of the training session to prevent 
overtraining. For example, Berglund & Safstrom (1994) 
successfully modulated the training load of 24 Olympic 
canoeists based on the POMS results with none of the 
athletes developing staleness prior to competing [41]. 
Ultimately, preventing overtraining and staleness will result 
in a reduction in drop out from exercise training, and 
thereby promote adherence.  



  
 

5.4 Affect for the prediction of musculoskeletal injury 

The presence of musculoskeletal injury can adversely 
impact exercise adherence. There are a large number of 
studies that have investigated the relationship between 
affect and exercise-related injury. Psychosocial stress [71], 
adverse life event stress [70, 73], daily hassle [70, 72], 
tension/anxiety, anger/hostility, total negative mood state 
[42], and worry [73] have all been positively related to 
injury. Lavelle & Flint (1996) stated that tension/anxiety 
mood states, assessed using the POMS, were related to 
injury frequency (p=0.001) while tension/anxiety 
(p=0.008), anger/hostility (p=0.02) and total negative mood 
state (p=0.38) were related to injury severity [42].  

6. RECOMMENDATIONS FOR FUTURE 
RESEARCH AND PRACTICE ON AFFECT AND 
EXERCISE ADHERENCE IN TYPE 2 DIABETES 

Previous approaches to understand exercise adherence 
in T2D have studied a range of psychosocial variables 
including exercise-related self-efficacy [95], barriers [96], 
social support [95, 97], perceived benefits [98] and exercise 
identity [98]. However, we are not aware of studies that 
have considered self-report measures of affect which, as 
demonstrated in this paper, can be used to understand 
exercise adherence and other factors related to adherence. 
To date, only one study has investigated the effects of 
exercise on acute affect in people with T2D. Kopp et al. 
(2012) investigated the effects of an acute exercise bout on 
affect in 16 people with T2D. It was found that brisk 
walking increased positive affect and affective activation 
[46], but the potential impact on adherence was not 
examined. Due to the proven benefit of exercise to manage 
T2D, improving rates and maintenance of PA participation 
may alleviate symptoms, prevent significant microvascular 
and macrovascular complications, improve quality of life, 
and ultimately reduce the burden on the health care system. 
Based on previous work with other populations, the 
following recommendations are offered for future research 
on affect and exercise adherence in people with T2D. 

Self-report measures of affect could be evaluated as a 
predictor of exercise adherence and future PA participation 
in people with T2D. Those people most at risk of dropping 
out or not maintaining regular PA could then be identified 
and targeted for strategies to reduce the likelihood of such 
outcomes. Given other research on the moderators of 
exercise affect, such strategies could include self-regulation 
of the intensity of the exercise used, improving exercise-
related self-efficacy, or matching diurnal preferences. Other 
research has demonstrated that negative affective respones 
are more likely among those who are infrequent exercisers, 
so people with T2D and limited exercise history would be a 
priority group for support. 

With the recent shift towards the use of HIIT to manage 
a range of chronic conditions including T2D [99], and non-
clinical research suggesting an inverse relationship between 
exercise intensity and positive affect, it is also important to 
establish the relationship between exercise intensity and 

affective responses in T2D. Affective responses to this type 
of exercise will determine its’ viability for use in the 
management of T2D.  Research could also assess if the 
affective responses are  moderated by, for example, the 
severity of T2D or presence of specific types of common 
T2D comorbidities.  

People with T2D are more likely to suffer from 
musculoskeletal conditions than the average population                                                          
[100], and these conditions may present a barrier to exercise 
adherence. Practitioners could potentially use self-report 
measures of affect to monitor internal training load, detect 
maladaptation to exercise, and subsequently inform 
exercise prescription such that injury may be avoided and 
adherence improved. Being able to predict and ultimately 
prevent such outcomes, as has been seen in athletes, will 
assist in improving exercise adherence in this population.  

7. CONCLUSIONS 

Exercise is a key component of managing T2D. 
However, adherence rates are generally low. Self-report 
measures of affect may be a means to understand and 
promote exercise adherence in people with T2D, with 
promising evidence showing that these measures can be 
used to predict exercise participation, self-regulate exercise 
intensity, modify external training load and prevent 
musculoskeletal injury in other populations. Further 
research is needed to understand affective judgments 
towards exercise, how to moderate these, and the 
association with exercise adherence in people with T2D. 

LIST OF ABBREVIATIONS 

FS   =  feeling scale 
HIIT   = high intensity interval training 
MICT  = moderate intensity continuous  

training 
PA  = physical activity 
POMS  = profile of mood states 
PANAS  = positive and negative affect 

 Schedule 
RM  =  repetition maximum 
T2D   =  type 2 diabetes  
VICT  = vigorous intensity continuous  

training 
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