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ABSTRACT 

Introduction: Physical activity (PA) is important in the prevention and treatment of impaired 

glucose metabolism. However, association of physical inactivity during the transition between 

childhood and adulthood with glucose metabolism is unknown. Therefore, we studied the 

association of persistent physical inactivity since childhood with glucose metabolism in 

adulthood. Methods: Data were drawn from the ongoing, Cardiovascular Risk in Young Finns 

Study with repeated follow-ups between 1980-2011 (baseline age 3-18 years, n=3596). Impaired 

glucose metabolism was defined as having impaired fasting glucose (6.1-6.9mmol/l) or type 2 

diabetes in adulthood. Leisure-time PA habits were repeatedly collected with a standardized 

questionnaire and expressed as a PA index (PAI). Using PAI, four groups were formed 

(n=2000): 1) persistently low PA, 2) decreasingly active, 3) increasingly active and 4)persistently 

active subjects. Poisson regression model was used to examine the association between PA 

groups and impaired glucose metabolism. Results: The proportion of the sample with impaired 

glucose metabolism was 16.1% in individuals with persistently low PA, 14.5% in decreasingly 

active, 6.8% in increasingly active and 11.1% in persistently active. Compared to individuals 

with persistently low PA, age and sex adjusted risk for impaired glucose metabolism was lower 

in those who increased PA (RR=0.47 CI=0.29–0.76) and in those who were persistently active 

(RR=0.70 CI=0.51–0.97), but similar in those who decreased PA (RR=0.93 CI=0.66–1.36). 

Conclusion: Persistently physically inactive lifestyle from youth to adulthood is associated with 

increased risk of impaired glucose metabolism in adulthood. Importantly, a moderate increase in 

PA lowered the risk. The results highlight the importance of avoiding physically inactive 

lifestyle at all stages of life. Key words: Glucose metabolism, life-time physical inactivity, 

longitudinal data. 
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INTRODUCTION 

Impaired  glucose metabolism – comprising  impaired fasting glucose and type 2 diabetes - is an 

increasing, major health problem worldwide(1). According to the International Diabetes 

Federation, 415 million people have type 2 diabetes and there are 318 million adults with 

impaired glucose tolerance(2). Impaired glucose metabolism is caused by both genetic and 

environmental factors.  Physical inactivity has been associated with impaired glucose 

metabolism, particularly in studies of adults. Mechanistically, physical activity (PA) increases 

glucose uptake also independently of insulin(3) and may improve insulin sensitivity and thus 

ameliorate glucose homeostasis by increasing oxidative capacity of skeletal muscles(4). Several 

studies, including prospective follow-ups(5, 6), a clinical randomized controlled trial(7), and a 

follow-up twin study(8), suggest that PA has an independent role in the prevention of type 2 

diabetes. Also, a post hoc analysis of participants in the Finnish Diabetes Prevention Study 

suggested that an increase in PA may substantially reduce the incidence of type 2 diabetes in 

high-risk individuals(9). Although the benefits of PA on glucose metabolism are well 

established, it is, however, not known how lifelong physical inactivity is associated with glucose 

metabolism.  

 

Therefore, using the unique longitudinal Cardiovascular Risk in Young Finns Study data from 

1980 to 2011, the aim of this study was to investigate how persistent physical inactivity is 

associated with glucose metabolism in adulthood. Further, we studied how change in PA from 

youth to adulthood is associated with glucose metabolism. 
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METHODS 

Study design and subjects 

The data were drawn from the ongoing Cardiovascular Risk in Young Finns Study. The first 

cross-sectional survey was conducted in 1980. The original targeted cohort comprised 4,326 

children and adolescents aged 3, 6, 9, 12, 15, and 18 years, of whom 3,596  (83.2% of the 

invited) participated in the baseline study. The cohort has been followed-up for 31 years in 3-9 

year intervals (follow-up years 1983, 1986, 1989, 2001, 2007 and 2011). Altogether 2115 

individuals (aged 34-49 years) participated in the most recent follow-up study in 2011. At all 

study phases, the examinations have included comprehensive data collection using 

questionnaires, physical measurements and blood sampling. Detailed description of the study 

design has been published earlier(10). Unavoidably, some of the individuals have been lost to 

follow-up. Those who dropped out were more often men and younger individuals than those who 

remained in the study. No differences were found in the PA levels between those who dropped 

out and those who remained in the study(11). All participants provided written informed consent, 

and the study was approved by the Turku University Hospital ethical committee. 

 

The main focus of this study was to investigate the association of lifelong physical inactivity 

(follow-ups from 1980 to 2011, aged 9-49 years) with impaired glucose metabolism in adulthood 

(follow-ups from 2001 to 2011, aged 24-49 years). Individuals who had no glucose values 

available during 2001 – 2011 or lacked longitudinal PA data were thus excluded. PA data from 

age 3 and 6 years were not used since a different questionnaire was used at those ages than for 

over 9-year-old subjects. In total, 2726 subjects (1453 women, 1273 men) were included in this 

study. Additional data included this study, e.g. anthropometrics and laboratory analyses, were 
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collected in adulthood (2001, 2007 and 2011; aged 24-49 years). For these variables, the latest 

available values are used. 

 

Impaired glucose metabolism 

Impaired glucose metabolism comprises impaired fasting glucose and type 2 diabetes. Fasting 

glucose from 6.1 to 6.9 mmol/l is defined as impaired fasting glucose according to World Health 

Organization(12). Subjects fulfilling the impaired fasting glucose criteria, reporting to have been 

diagnosed with type 2 diabetes or reporting use of antidiabetic medication in any of the 2001, 

2007 or 2011 follow-ups were classified as having impaired glucose metabolism (data on 

glycated hemoglobin was available only from the 2011 follow-up). Type 2 diabetes diagnoses 

were also checked from the National Social Insurance Institution Drug Reimbursement Registry. 

Individuals who had type 1 diabetes were excluded from the study. Also glucose values obtained 

from pregnant and nursing women were excluded. Of the participants with impaired glucose 

metabolism, 33% had type 2 diabetes. 

 

Physical activity 

Leisure-time PA, expressed as physical activity index (PA index), was self-reported with a 

standardized questionnaire (internal consistency coefficient: 0.72 to 0.82, the 2007 follow-up, 

and correlation of the PA index with cardiorespiratory fitness, r=0.33 to 0.53)(13,14). Between 

1980 and 1989, the questions concerned the frequency and intensity of PA, participation in sports 

club training, participation in sport competitions and typical activity during leisure time. The 

items were coded from 1 (inactivity or very low activity) to 3 (frequent or vigorous activity) to 

form the PA index with scores ranging from 5 to 14. In 2001, 2007, and 2011 the PA 
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questionnaire consisted of questions on frequency and intensity of PA, frequency of vigorous 

PA, hours spent in vigorous PA, average duration of a PA session and participation in organized 

PA. The PA index  (range from 5 to 15) was calculated similarly as in the earlier follow-ups(14).  

 

Using the PA index, four physical activity groups were formed to investigate the association of 

physical inactivity and change in PA index with impaired glucose metabolism from youth to 

adulthood. Firstly, subjects who had two or more PA index values from the follow-ups between 

1980-1989 (age 9-21 years; youth) and also from the follow-ups between 2001 – 2011 (age 24-

49 years; adulthood) were included. Secondly, the mean of the PA index during youth and 

adulthood were calculated, and based on these two values, individuals were divided into PA 

index quartiles both in youth and adulthood (total n=2000). Thirdly, the four groups were formed 

based on the quartiles: 1) persistently low PA (subjects in the lowest quartile both during youth 

and adulthood, n=244), 2) decreasingly active (subjects  in the three highest quartiles in youth, 

but in the lowest quartile in adulthood, n=321), 3) increasingly active (subjects  in the lowest 

quartile in youth, but in the three highest quartiles in adulthood, n=328), and 4) persistently 

active (subjects in the three highest quartiles both in youth and adulthood, n=1107). In females, 

this age specific cut-off point for the lowest quartile varied between 8.3 and 8.7, and in males, 

the corresponding cut-off points were between 8.0 and 8.3. To get a PA index value of 8, a 

subject e.g. did not participate in organized PA, but reported participating in vigorous PA once a 

week, for 20-40 minutes, and the activity caused moderate sweating i.e. 30 minutes of brisk 

walking. 
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To more clearly distinguish low active and active groups we additionally categorized PA using 

only the lowest and highest quartiles. Thus, the change from low to high physical activity and 

vice versa was also more pronounced. Accordingly, these groups were: 1) persistently low PA 

(participants in the lowest quartile during both youth and adulthood, n=244), 2) prominent PA 

decrease (subjects in the highest quartile in youth, but in the lowest quartile in adulthood, n=52), 

3) prominent PA increase (subjects in the lowest quartile in youth, but in the highest quartile in 

adulthood, n=73), and 4) persistently high active (subjects in the highest quartile both in youth 

and adulthood, n=167). 

 

Laboratory analyses 

Venous blood samples were drawn after a 12-h fast. Standard enzymatic methods were used to 

assess plasma glucose and serum total cholesterol(15). Low-density lipoprotein cholesterol 

concentration was calculated using Friedewald formula(16). Glycated hemoglobin fraction in 

whole blood was measured by an Abbott Architect ci8200 analyzer (Abbott Laboratories and 

Hemoglobin A1c reagent, Fisher Diagnostics). Serum insulin concentration was analyzed using 

microparticle enzyme immunoassay kit (Abbott Laboratories, Chicago, IL, USA)(15). The 

homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the 

equation [(fasting insulin mU/mL X fasting glucose mmol/L)/22.5](17) and was used to estimate 

insulin resistance. The methods for total cholesterol, triglycerides, glucose and glycated 

hemoglobin analyses are accredited by the Finnish Accreditation Service according to 

ISO/IEC17025 standard(18). 
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Clinical examination 

Weight was measured in light clothing without shoes using a digital scale with an accuracy of 

0.1 kg. Height was measured by a wall-mounted stadiometer to the nearest 0.1 cm. Body mass 

index (BMI) was calculated as weight (kg) / [height (m)]
2
. To use all available repeatedly 

measured BMI values in youth (age 12 to 18 years), we estimated a subject-specific curve for 

BMI by mixed model regression splines(19). The area under the curve (AUC) was evaluated to 

indicate a long-term burden of BMI(20). For interpretability, the AUC variables were 

standardized resulting in variables with a mean of 0 and SD 1. Waist circumference was 

measured at midway between iliac crest and the lowest rib at the mid-axillary line using a non-

stretchable, plastic-covered cloth measuring tape with an accuracy of 0.1 cm. Blood pressure was 

measured with a random zero sphygmomanometer. Korotkoff’s first sound was used as the sign 

of systolic blood pressure (SBP). Readings to the nearest even number of millimeters of mercury 

were performed at least three times on each participant. The mean of these three measurements 

was used. 

 

Diet, smoking and socioeconomic status 

Food consumption data were collected using a 131-item food frequency questionnaire, developed 

and validated by the Finnish National Institute for Health and Welfare(21). The participants were 

asked to report the daily frequency and serving size of selected foods and dishes during the 

previous 12 months. The questionnaire included additional open questions to enable reporting of 

foods not listed. The daily specific food or food group consumption and nutrient intake was 

calculated using the latest version of the National Food Composition Database Fineli(22). A 

food-based diet score originally constructed to describe diet associated with lower risk of 
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diabetes(23) was used as an indicator of a healthy diet (range 0 to 27). Higher score indicates 

healthier diet, including e.g. low intake of red and processed meats, sweets, sugared beverages 

and fried potatoes, and high intake of whole grains, vegetables, fruits, fish and nuts/seeds. 

 

Data on smoking and socioeconomic status (SES) were collected with self-administered 

questionnaires. Those reporting daily smoking were considered as smokers. SES was determined 

based on the self-reported occupation: 1) manual; 2) lower, non-manual; or 3) upper, non-

manual. In addition, we also used education (years) to indicate SES. 

 

Statistical analyses 

To characterize the individuals with and without impaired glucose metabolism, mean values and 

standard deviations (SD) for continuous variables and percentages for categorical variables were 

calculated. There was no interaction between PA index and sex using impaired glucose 

metabolism as the outcome (p for interaction=0.34). Therefore, combined analyses including 

both women and men were done. Risk ratios for impaired glucose metabolism were estimated 

using Poisson regression with robust error variance. The persistently low PA group was used as 

the reference group to which the other groups were compared. The analyses were adjusted for 

age and sex, and additionally for diet, BMI, smoking and SES. 

 

To estimate the possible association of long-term exposure of PA in youth (age 9 – 21 years) 

with adulthood glucose metabolism, area under the receiver-operating characteristic curve 

(AUC) was calculated for each participant using the results from repeated PA data. Participant-

specific curves for PA were estimated by mixed model regression splines(19). Additionally we 
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also evaluated the effect of youth PA on adulthood glucose metabolism using mean PA index-

values in youth (age 9-21 years). 

 

Statistical analyses were performed using SAS version 9.4 and statistical significance was 

inferred at a two-tailed P-value < 0.05. 

 

RESULTS 

In adulthood (mean age 36.7, range 24-49 years), the prevalence of impaired glucose metabolism 

was 11.4% (women: 7.9%, men: 15.4%; Table 1). Individuals with impaired glucose metabolism 

were more often obese (BMI >30 kg/m
2
) and had higher SBP than individuals without impaired 

glucose metabolism. Individuals with impaired glucose metabolism also had a lower PA index in 

adulthood (Table 1) and during the 31-year follow-up compared with their unaffected peers 

(adjusted for age and sex; β=0.26, SE 0.08, p=0.001; Figure 1). There was no association 

between PA index at age 9 to 21 years (AUC) (β=0.002, SE 0.005, p=0.66) or mean PA index in 

youth (β=0.04, SE 0.05, p=0.43) with impaired glucose metabolism later in adulthood (adjusted 

for age, sex and adult PA). 

 

Of those with persistently low PA, 16.1% had impaired glucose metabolism in adulthood. 

Among the persistently active individuals, the prevalence of impaired glucose metabolism was 

11.1%, 14.5% among those who decreased PA from youth to adulthood, and 6.8%, among those 

who increased PA. Compared with persistently low PA individuals, those who were increasingly 

active or were persistently active had a significantly lower risk of impaired glucose metabolism 

(Table 2, model A; adjusted for age and sex). Persistently low PA individuals and those who 
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were decreasingly active between youth and adulthood had a similar risk of impaired glucose 

metabolism. 

 

To further study the independent association between physical inactivity and impaired glucose 

metabolism, the analyses were additionally adjusted for diet, BMI, smoking and SES. After 

adjustment for the healthy diet score, the results remained essentially unchanged (Table 2, model 

B). When also BMI was added to the analyses, lower risk of impaired glucose metabolism 

persisted only in those who were increasingly active compared with their persistently low PA 

peers (model C). The decreased risk of impaired glucose metabolism among subjects who were 

increasingly active compared with persistently low PA individuals remained after additional 

adjustments for smoking and SES (model D and E). In all analyses, those who were decreasingly 

active between youth and adulthood had a similar risk of impaired glucose metabolism as those 

with persistently low PA. The use of waist circumference instead of BMI did not affect the 

results (see Table, Supplemental Digital Content 1, Risk of impaired glucose metabolism across 

four physical activity groups, http://links.lww.com/MSS/B193). In line, the results were similar 

when education was used instead of occupation to indicate SES (see Table, Supplemental Digital 

Content 1, Risk of impaired glucose metabolism across four physical activity groups, 

http://links.lww.com/MSS/B193). When the more rigorous criteria were used to define the PA 

groups, the results remained essentially unchanged (see Table, Supplemental Digital Content 2, 

Risk of impaired glucose metabolism across four physical activity groups, 

http://links.lww.com/MSS/B194). Subjects in the prominent PA decrease group had a similar 

risk of impaired glucose metabolism as those with persistently low PA. Decreased risk was 

found in the prominent PA increase group compared with the persistently low PA group (see 
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Table, Supplemental Digital Content 2, Model 1; adjusted for age and sex. Risk of impaired 

glucose metabolism across four physical activity groups, http://links.lww.com/MSS/B194). 

 

To further investigate the independent role of PA on impaired glucose metabolism, the analyses 

reported in Table 2 were additionally adjusted for insulin (see Table, Supplemental Digital 

Content 3, Risk of impaired glucose metabolism across four physical activity groups, 

http://links.lww.com/MSS/B195), HOMA-IR (see Table, Supplemental Digital Content 4, Risk 

of impaired glucose metabolism across four physical activity groups, 

http://links.lww.com/MSS/B196) and BMI (AUC) between ages 12 and 18 years (see Table, 

Supplemental Digital Content 5, Risk of impaired glucose metabolism across four physical 

activity groups, http://links.lww.com/MSS/B197). After these adjustments the results were 

essentially unchanged. 

 

DISCUSSION 

In this 31-year follow-up since youth, individuals who had persistently low PA also had the 

highest prevalence of impaired glucose metabolism later in life. In addition, when compared to 

persistently physically active or increasingly active groups, being in the persistently low PA 

group was associated with a greater risk of impaired glucose metabolism in adulthood. Similar 

risk in those who were decreasingly active to those with persistently low PA shows that the 

benefits of PA on glucose metabolism are not preserved within time. In line, PA exposure during 

youth was not associated with impaired glucose metabolism in adulthood. We also found that 

even a moderate increase in PA was associated with a lower risk of impaired glucose 
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metabolism. This study is the first to report the association of persistently low PA lifestyle since 

youth with impaired glucose metabolism in mid-adulthood.  

 

Our results are in line with prior data reporting benefits of PA on glucose metabolism and in 

prevention of type 2 diabetes(5–9, 23). Based on a number of studies conducted in adult 

populations, continued physical inactivity may lead to progression of impaired glucose 

metabolism(24). There is also emerging epidemiological evidence – from both cross-sectional 

and prospective observational studies – indicating that time spent in sedentary behaviors is an 

independent risk factor for several health outcomes, including impaired glucose metabolism(25). 

Furthermore, similar results have been observed using objectively measured PA; already light-

intensity PA assessed with accelerometers was favorably associated with glucose 

metabolism(26). There is also evidence that any amount of PA may reduce the risk of type 2 

diabetes(8). Our finding that being persistently physically inactive over the life-course is 

associated with greater risk of impaired glucose metabolism stresses the need for continued 

identification and intervention of individuals who lead a physically inactive lifestyle. 

Simultaneously, beneficial lifestyle changes have proven effective in preventing or delaying the 

onset of type 2 diabetes in individuals at increased risk(26, 27). Regarding PA behavior, our 

cohort data has shown that physically active lifestyle starts to develop very early in childhood 

and that the stability of PA is moderate or high along the life course from youth to 

adulthood(14).  

 

In addition to the detrimental effects of persistent physical inactivity, our study pointed out that 

decreasing PA may have similar results as having persistently low PA: those who decreased PA 
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from youth to adulthood did not preserve the benefits of PA on glucose metabolism. Prior data 

show that already 2 weeks physical inactivity attenuates peripheral insulin sensitivity(29). A 

short-term experimental study has also shown significantly reduced whole-body insulin action 

already after one day of prolonged sitting(30). On the other hand, our study clearly shows that a 

moderate increase in PA from youth to adulthood is associated with greatly reduced risk of 

impaired glucose metabolism. This finding highlights the important role of increasing PA among 

sedentary children and adolescents. In line with these data, prior results have shown that even 

light-to-moderate(31) PA has a beneficial association with cardiometabolic health(32). In 

summary, previous studies support the findings of our study that being persistently physically 

inactive increases the risk of impaired glucose metabolism and even a moderate increase in PA is 

associated with decreased risk of the condition. 

 

The underlying biological mechanisms observed between physical inactivity and impaired 

glucose metabolism are not yet fully elucidated, but there is a strong suggestion that physical 

inactivity is a necessary component of insulin resistance(29). High-fat diet -induced, or obesity-

associated insulin resistance, do not normally occur in skeletal muscle, when a sufficient level of 

PA is imposed(29). An experimental study has also shown that decline in insulin action was not 

fully prevented through reduction of energy intake during prolonged sitting(30). Other potential 

factors specific to low muscle activity playing role in the metabolic response to prolonged sitting 

may involve greater circulating levels of counterregulatory hormones (e.g. glucagon, 

epinephrine, cortisol) or hemodynamic changes (decreased muscle blood flow) and capillary 

recruitment(30). Animal studies have suggested that loss of muscle contractions induced through 

prolonged sitting has been shown to suppress lipoprotein lipase activity which has served as the 
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prototype for insights about how exercise and physical inactivity may impact disease 

outcomes(33). On the other hand, PA increases skeletal muscle glucose uptake even independent 

of insulin(3). Furthermore, adjustments particularly with BMI weakened the associations 

between physical inactivity and glucose metabolism, indicating that these factors are interrelated. 

Independent effects of PA on glucose metabolism have previously been reported from our(34) 

and also other cohort studies(34–36, 37). In summary, complex mechanisms are likely 

responsible for reduced insulin action as a result of physically inactive lifestyle. 

 

Limitations 

PA was assessed using questionnaires prone to several challenges, inherent to subjective 

methodologies, which may hamper detection of existing associations. In our study, the 

questionnaire was unable to gather all dimensions of PA and lack of data on e.g. PA during 

school/working hours may have led to underestimation of total PA and might have diluted the 

observed associations of PA with glucose metabolism. On the other hand standardized 

questionnaires enabled unique 31-year follow up. In this study setting, we could not take into 

account sedentary behavior as one form of physically inactive lifestyle and the possible 

confounding effect of pubertal maturation on glucose metabolism was not explored. As another 

limitation we used fasting plasma glucose as one component to determine impaired glucose 

metabolism, although oral glucose tolerance test would be a more sensitive marker of peripheral 

insulin resistance(39). However, the study design is unique extending from childhood to 

adulthood over 30 years with repeated PA data from an extremely well characterized cohort of 

2773 participants. As an additional strength of the study we also had access to the national 
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registry data on type 2 diabetes diagnosis to complement the plasma glucose measurements and 

medication data.   

 

Summary and conclusion 

Physical inactivity during the transition between childhood and adulthood is associated with 

higher risk of impaired glucose metabolism. Moreover, a decrease in PA from youth to 

adulthood poses a similar risk of impaired glucose metabolism than having persistently low PA. 

Most importantly, those who became increasingly active had a greatly reduced risk. The results 

highlight the importance of avoiding physically inactive lifestyle at all stages of life. 
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Figure legends: 

 

Figure 1. Age and sex standardized mean physical activity index (PA index) in individuals with 

impaired glucose metabolism (IGM) and unaffected peers during the 31-year follow-up. 

Participants with IGM had significantly lower PA index compared to unaffected peers (B=0.26, 

SE 0.08, p=0.001). Continuous line indicates those who have IGM and dotted line those without 

IGM. 
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Figure 1 
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Table 1. Characteristics of the study participants in adulthood (age 24 – 49 years) according to 

the impaired glucose metabolism status. The data are obtained at the time the latest glucose value 

was measured. 

  IGM(WHO)+ IGM(WHO)- p-value 

     

IGM, n (%)  310 (11) 2416 (89)  

     

Sex, n (%) Men 

Women 

196 (15.4) 

114 (7.9) 

1077 (84.6) 

1339 (92.1) 

 

     

BMI, kg/m
2
; mean (SD) + = 308 

- = 2394 

30.5 (6.2) 25.8 (4.6) <.0001 

BMI >30 kg/m
2
; n (%) + = 308 

- = 2394 

144 (46.8) 383 (16.0) <.0001 

Waist, cm; mean (SD) + = 308 

- = 2400 

103.1 (15.4) 89.0 (13.3) <.0001 

SBP, mmHg; mean (SD) + = 307 

- = 2390 

126.7 (14.8) 118.7 (13.9) <.0001 

PA index (range 5 – 15); mean (SD) + = 269 

- = 2214 

8.6 (1.8) 9.2 (2.0) 0.0004 

Diet score (range 0 – 27); mean (SD) + = 207 

- = 1739 

13.2 (4.3) 13.7 (4.0) 0.88 

Smoker; n (%) + = 255 

- = 1709 

49 (19.2) 247 (14.5) 0.07 

SES (range 1 -3); mean (SD) + = 220 

- = 1549 

2.1 (0.8) 2.2 (0.7) 0.03 

Total chol, mmol/l; mean (SD) + = 310 5.3 (1.0) 5.1 (0.9) 0.77 
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- = 2416 

LDL-chol, mmol/l (SD) + = 296 

- = 2372 

3.3 (0.9) 3.2 (0.8) 0.39 

Glucose, mmol/l (SD) + = 310 

- = 2416 

6.5 (1.5) 5.2 (0.4) <.0001 

Insulin, mU/l (SD) + = 308 

- = 2410 

18.9 (21.8) 8.3 (7.9) <.0001 

HOMA-IR, (insulin x glucose)/22.5 

(SD) 

+ = 308 

- = 2410 

6.2 (13.5) 1.9 (1.8) <.0001 

 

IGM = Impaired glucose metabolism; IGM(WHO) + = Participants with IGM; IGM(WHO) - = 

Participants without IGM; BMI = Body Mass Index; SD = Standard Deviation; SBP = Systolic 

Blood Pressure; PAI = Physical Activity Index; SES = Socioeconomic status; Chol = 

Cholesterol; LDL-chol = Low-Density Lipoprotein cholesterol; HOMA-IR = Homeostasis model 

assessment of insulin resistance model. 
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Table 2: Risk of impaired glucose metabolism across physical activity groups.  

Persistently low PA: participants in the lowest quartile both during youth and adulthood (n=244); 

Decreasingly active: participants in the three highest quartiles in youth, but in the lowest quartile 

in adulthood (n=321); Increasingly active: participants in the lowest quartile in youth, but in the 

three highest quartiles in adulthood (n=328); and Persistently active: participants in the three 

highest quartiles both in youth and adulthood (n=1107). 

 

  Model 

  

1 

(n=1985) 

2 

(n=1651) 

3 

(n=1402) 

4 

(n=1353) 

5 

(n=1233) 

Persistently low 

PA 

RR 

CI 95% 

Ref Ref Ref Ref Ref 

Decreasingly 

active 

RR 

CI 95% 

0.93 

0.63 – 1.36 

0.89 

0.57 – 1.39 

0.83 

0.52 – 1.32 

0.80 

0.50 – 1.29 

0.80 

0.51 – 1.20 

Increasingly 

active  

RR 

CI 95% 

0.47 

0.29 – 0.76 

0.36 

0.20 – 0.65 

0.44 

0.24 – 0.80 

0.45 

0.24 – 0.83 

0.44 

0.22 – 0.88 

Persistently 

active  

RR 

CI 95% 

0.70 

0.51 – 0.97 

0.67 

0.46 – 0.99 

0.74 

0.50 – 1.11 

0.72 

0.48 – 1.08 

0.78 

0.51 – 1.20 

 

Adjusted variables in the models (data from the last available follow-up has been used; years 

2001, 2007 or 2011): 1=Age and sex, 2=Age, sex and diet, 3=Age, sex, diet and BMI, 4=Age, 

sex, diet, BMI and smoking, 5=Age, sex, diet, BMI, smoking and SES. 
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Supplemental Table S1. Risk of impaired glucose metabolism across four physical activity 

groups. 

Model 
5a 

(n=1235) 
5b 

(n=1342) 

RR 
 

CI 95% 

Ref Ref 

RR 
 

CI 95% 

0.77 
 

0.46 – 1.27 

0.84 
 

0.52 – 1.36 

RR 
 

CI 95% 

0.42 
 

0.21 – 0.84 

0.44 
 

0.23 – 83 

RR 
 

CI 95% 

0.75 
 

0.50 – 1.15 

0.77 
 

0.51 – 1.16 

 

Adjusted variables in the models: 5a= Age, sex, diet, waist, smoking and SES, 5b= 5= Age, sex, 

diet, BMI, smoking and education 
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Supplemental table S2: Risk of impaired glucose metabolism across four physical activity 

groups. 

 

  Model 

  
1 

(n=533) 
2 

(n=434) 
3 

(n=371) 
4 

(n=355) 
5 

(n=328) 

Persistently 
low PA 

RR 
 

CI 95% 
Ref Ref Ref Ref Ref 

Prominent 
decrease 

RR 
 

CI 95% 

0.78 
 

0.32 – 1.91 

0.64 
 

0.20 – 2.05 

0.62 
 

0.20 – 1.96 

0.43 
 

0.10 – 1.81 

0.52 
 

0.12 – 2.23 

Prominent 
increase  

RR 
 

CI 95% 

0.12 
 

0.17 – 0.85 

0.15 
 

0.02 – 1.09 

0.23 
 

0.03 – 1.67 

0.22 
 

0.03 – 1.66 

0.29 
 

0.04 – 2.26 

Persistently 
high active 

RR 
 

CI 95% 

0.59 
 

0.35 – 0.98 

0.59 
 

0.33 – 1.06 

0.67 
 

0.36 – 1.24 

0.66 
 

0.34 – 1.29 

0.75 
 

0.38 – 1.49 

 

Adjusted variables in the models: 1=Age and sex, 2=Age, sex and diet, 3= Age, sex, diet and 

BMI, 4=Age, sex, diet, BMI and smoking, 5= Age, sex, diet, BMI, smoking and SES. 
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Supplemental table S3: Risk of impaired glucose metabolism across four physical activity 

groups. 

Persistently low PA: participants in the lowest quartile both during youth and adulthood (n=244); 

Decreasingly active: participants in the three highest quartiles in youth, but in the lowest quartile 

in adulthood (n=321); Increasingly active: participants in the lowest quartile in youth, but in the 

three highest quartiles in adulthood (n=328); and Persistently active: participants in the three 

highest quartiles both in youth and adulthood (n=1107). 

 

  Model 

  

1 

(n=1691) 

2 

(n=1397) 

3 

(n=1391) 

4 

(n=1342) 

5 

(n=1224) 

Persistently low 

PA 

RR 

CI 95% 

Ref Ref Ref Ref Ref 

Decreasingly 

active 

RR 

CI 95% 

0.91 

0.60 – 1.36 

0.80 

0.51 – 1.25 

0.80 

0.50 – 1.30 

0.67 

0.40 – 1.11 

0.64 

0.37 – 1.11 

Increasingly 

active  

RR 

CI 95% 

0.54 

0.32 – 0.89 

0.36 

0.20 – 0.66 

0.43 

0.24 – 0.79 

0.42 

0.23 – 0.77 

0.44 

0.22 – 0.86 

Persistently 

active  

RR 

CI 95% 

0.76 

0.54 – 1.09 

0.65 

0.44 – 0.96 

0.73 

0.49 – 1.09 

0.73 

0.48 – 1.09 

0.80 

0.52 – 1.23 

 

Adjusted variables in the models (data from the last available follow-up has been used; years 

2001, 2007 or 2011): 1=Age, sex and insulin 2=Age, sex, insulin and diet, 3=Age, sex, insulin, 

diet and BMI, 4=Age, sex, insulin, diet, BMI and smoking, 5=Age, sex, insulin, diet, BMI, 

smoking and SES. 
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Supplemental table S4: Risk of impaired glucose metabolism across four physical activity 

groups. 

Persistently low PA: participants in the lowest quartile both during youth and adulthood (n=244); 

Decreasingly active: participants in the three highest quartiles in youth, but in the lowest quartile 

in adulthood (n=321); Increasingly active: participants in the lowest quartile in youth, but in the 

three highest quartiles in adulthood (n=328); and Persistently active: participants in the three 

highest quartiles both in youth and adulthood (n=1107). 

 

  Model 

  

1 

(n=1691) 

2 

(n=1397) 

3 

(n=1391) 

4 

(n=1342) 

5 

(n=1224) 

Persistently low 

PA 

RR 

CI 95% 

Ref Ref Ref Ref Ref 

Decreasingly 

active 

RR 

CI 95% 

0.91 

0.61 – 1.37 

0.73 

0.46 – 1.16 

0.74 

0.45 – 1.20 

0.64 

0.38 – 1.08 

0.61 

0.34 – 1.09 

Increasingly 

active  

RR 

CI 95% 

0.53 

0.32 – 0.87 

0.36 

0.20 – 0.64 

0.41 

0.23 – 0.75 

0.41 

0.22 – 0.75 

0.44 

0.22 – 0.87 

Persistently 

active  

RR 

CI 95% 

0.75 

0.53 – 1.07 

0.65 

0.44 – 0.95 

0.73 

0.49 – 1.09 

0.73 

0.49 – 1.09 

0.80 

0.52 – 1.22 

 

Adjusted variables in the models (data from the last available follow up has been used; years 

2001, 2007 or 2011): 1=Age, sex and HOMA-IR 2=Age, sex, HOMA-IR and diet, 3=Age, sex, 

HOMA-IR, diet and BMI, 4=Age, sex, HOMA-IR, diet, BMI and smoking, 5=Age, sex, HOMA-

IR, diet, BMI, smoking and SES. 
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Supplemental table S5: Risk of impaired glucose metabolism across physical activity groups.  

Persistently low PA: participants in the lowest quartile both during youth and adulthood (n=244); 

Decreasingly active: participants in the three highest quartiles in youth, but in the lowest quartile 

in adulthood (n=321); Increasingly active: participants in the lowest quartile in youth, but in the 

three highest quartiles in adulthood (n=328); and Persistently active: participants in the three 

highest quartiles both in youth and adulthood (n=1107). 

 

  Model 

  

1 

(n=1985) 

2 

(n=1651) 

3 

(n=1402) 

4 

(n=1353) 

5 

(n=1233) 

Persistently low 

PA 

RR 

CI 95% 

Ref Ref Ref Ref Ref 

Decreasingly 

active 

RR 

CI 95% 

0.84 

0.57 – 1.22 

0.81 

0.52 – 1.27 

0.89 

0.57 – 1.41 

0.88 

0.55 – 1.40 

0.89 

0.54 – 1.47 

Increasingly 

active  

RR 

CI 95% 

0.46 

0.28 – 0.74 

0.36 

0.20 – 0.65 

0.44 

0.24 – 0.79 

0.46 

0.25 – 0.83 

0.47 

0.23 – 0.93 

Persistently 

active  

RR 

CI 95% 

0.67 

0.49 – 0.93 

0.66 

0.45 – 0.96 

0.77 

0.52 – 1.14 

0.76 

0.51 – 1.13 

0.83 

0.55 – 1.26 

 

Adjusted variables in the models (data from the last available follow up has been used; years 

2001, 2007 or 2011),  BMI (AUC) between ages 12 and 18 years: 1=Age and sex, BMI (AUC) 

12-18, 2=Age, sex, BMI (AUC) 12-18 and diet, 3=Age, sex, BMI (AUC) 12-18, diet and BMI, 

4=Age, sex, BMI (AUC) 12-18, diet, BMI and smoking, 5=Age, sex, BMI (AUC) 12-18, diet, 

BMI, smoking and SES. 
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