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ABSTRACT
Introduction To investigate the effect of an exercise 
prescription and a 1- year supervised exercise intervention, 
and the modifying effect of the family history of type 2 
diabetes (FH), on long- term cardiometabolic health.
Research design and methods For this prospective 
randomized trial, we recruited non- diabetic participants 
with poor fitness (n=1072, 30–70 years). Participants were 
randomly assigned with stratification for FH either in the 
exercise prescription group (PG, n=144) or the supervised 
exercise group (EG, n=146) group and compared with a 
matched control group from the same population study (CON, 
n=782). The PG and EG received exercise prescriptions. In 
addition, the EG attended supervised exercise sessions two 
times a week for 60 min for 12 months. Cardiometabolic risk 
factors were measured at baseline, 1 year, 5 years, and 6 years. 
The CON group received no intervention and was measured at 
baseline and 6 years.
Results The EG reduced their body weight, waist 
circumference, diastolic blood pressure, and low- density 
lipoprotein- cholesterol (LDL- C) but not physical fitness 
(p=0.074) or insulin or glucose regulation (p>0.1) compared 
with the PG at 1 year and 5 years (p≤0.011). The observed 
differences were attenuated at 6 years; however, participants 
in the both intervention groups significantly improved their 
blood pressure, high- density lipoprotein- cholesterol, and insulin 
sensitivity compared with the population controls (p≤0.003). FH 
modified LDL- C and waist circumference responses to exercise 
at 1 year and 5 years.
Conclusions Low- cost physical activity programs have 
long- term beneficial effects on cardiometabolic health 
regardless of the FH of diabetes. Given the feasibility and 
low cost of these programs, they should be advocated to 
promote cardiometabolic health.
Trial registration number  ClinicalTrials. gov identifier 
NCT02131701.

INTRODUCTION
Regular physical activity has been asso-
ciated with a myriad of health benefits 
including reduced risk of mortality, diabetes 
and other non- communicable diseases.1–5 

Exercise interventions can also positively 
affect cardiometabolic health by improving 
maximum oxygen uptake (VO2max), insulin 
sensitivity, adiposity, LDL- cholesterol (LDL- 
C), and blood pressure.6–8

Although physical activity has a central 
role in the prevention and treatment of type 
2 diabetes, the interindividual variability in 
response to exercise is large.9 10 Heterogeneity 

Significance of this study

What is already known about this subject?
 ► Family history of type 2 diabetes is associated with 
reduced physical fitness and a lower expression of 
genes in the oxidative phosphorylation.

 ► Limited prospective data are available on how type 2 
diabetes or family history of type 2 diabetes affects 
physical fitness or metabolic response to exercise.

What are the new findings?
 ► Family history of type 2 diabetes attenuated the 
effect of exercise on waist circumference and low- 
density lipoprotein.

 ► One- year low- cost structured exercise intervention 
and exercise prescription intervention similarly led 
to an improved cardiometabolic health 6 years later 
compared with the population- based control group.

How might these results change the focus of 
research or clinical practice?

 ► Individuals with family history of type 2 diabetes 
can in most parts expect similar cardiometabol-
ic health benefits from regular exercise; however, 
the diminished responsiveness to waist circumfer-
ence and low- density lipoprotein warrants further 
investigation.

 ► Physical activity prescription could be a feasible and 
readily available option to promote long- term car-
diometabolic health in low fit populations.
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in VO2max training response is strongly explained by heri-
tability (47%), but only minimally by age, sex, and ethnic 
origin.10 11 A genetic component is supported by reports of 
reduced physical fitness and a lower expression of genes 
in the oxidative phosphorylation pathway in patients with 
type 2 diabetes and their family members.12–15 Family 
history of type 2 diabetes (FH) could also limit muscle 
adaptation to exercise and possible health benefits.16 
However, only few prospective studies have investigated 
the influence of type 2 diabetes or FH on the metabolic 
response to exercise.16 17

Therefore, this study aimed to investigate the long- 
term (5 years) effect of exercise prescription versus a 
1- year supervised exercise intervention (EG) on aerobic 
physical fitness, muscle strength, and cardiometabolic 
parameters in subjects with poor physical fitness, strati-
fied for FH. We also compared the change in measured 
outcomes between the intervention groups and matched 
control subjects originating from the same population 
study at 6 years.

RESEARCH DESIGN AND METHODS
Study participants
The Prevalence, Prediction and Prevention of diabetes 
(PPP)- Botnia Study is a population- based study (n=5 208) 
in Western Finland initiated to obtain accurate estimates 
of prevalence and risk factors for diabetes, pre- diabetes 
and the metabolic syndrome in the adult population and 
to use this information for prediction and prevention of 
the disease.12 The baseline study was conducted in 2004–
2008 and the prospective study in 2010–2015.18 For the 
present randomized parallel group clinical trial (RCT,  
ClinicalTrials. gov identifier NCT02131701) we recruited 
consecutive male and female participants from the PPP- 
Botnia Study who fulfilled the following criteria: (1) no 
diabetes and aged 30–70 years ; (2) poor physical fitness 
based on a 2 km walking test (fitness index <90); and (3) 
no contraindications for physical training based on a phys-
ical examination including ECG. Of the 507 consecutive 
eligible participants invited, 290 gave written informed 
consent. Included participants were randomized (1:1) 
in four blocks to an exercise group (EG) (n=146) and a 
prescription group (PG) (n=144) based on gender and 
FH, which was defined as one first- degree or two second- 
degree relatives with type 2 diabetes. The basal visit took 
place between October 2006 and August 2008. The 1- year 
follow- up study was performed in 2007–2009, and the 
5- year follow- up was performed between 2011 and 2013. 
Participants or care providers were not blinded, as this 
is rather impossible. However, those assessing outcomes 
were blinded for allocation. All participants gave written 
informed consent before taking part to the study.

In addition to the exercise intervention groups, a 
population- based control group (CON; n=782) was 
recruited from the participants in the PPP- Botnia Study. 
The CON group received no specific intervention. Male 
and female participants were considered eligible for the 

CON group if they were (1) non- diabetic and aged 30–70 
years, (2) had poor physical fitness based on a 2 km 
walking test (fitness index <90 in two walking tests) and 
(3) participated in both the baseline and 6- year follow- up 
study. The CON group was subdivided according to the 
FH by same criteria as the intervention groups. The base-
line visits occurred 2004–2008 and 6- year follow- up visits 
2010–2015. The online supplemental figure S1 describes 
the flow of the study.

Interventions
All study subjects participated in two individual sessions 
of exercise prescription aiming at 30 min of moderate 
exercise at least 5 days a week. They also received exercise 
diaries. Participants in the PG performed unsupervised 
training, while participants in the EG were offered super-
vised physical training in groups twice a week during 12 
months. The supervised training included both endur-
ance training (Nordic walking and water gymnastics) 
and resistance training in a gym. The training sessions 
lasted 60 min including warm- up. To control the intensity 
of aerobic training, 70%–85% of age- adjusted maximal 
pulse rate was recommended, and heart rate moni-
toring was used periodically. Muscle strength training 
was performed in two sets of 12–15 repetitions focusing 
on major muscle groups. The first set (warm- up) was 
performed with 10 repetitions at 50% of repetition 
maximum, and the second set at 70%. Resistance was 
progressively increased according to the repeated testing 
of muscle strength. Experienced trainer supervised the 
training and also performed the testing of the muscle 
strength.

Timing of the measurements
In the PG and EG, all measurements were taken at base-
line, 1 year, and 5 years. All measurements were also 
collected from the CON group at baseline. At 6- year 
follow- up, body composition, waist circumference, blood 
pressure, blood lipid and glucose metabolism were 
measured from all groups (PG, EG, and CON).

Assessment of aerobic physical fitness, steps, and muscle 
strength
Aerobic physical fitness as a primary outcome was 
assessed in all subjects by a 2 km walking test (UKK), 
which provides an indirect estimate of oxygen uptake.19 20 
Based on walking time and heart rate at the end of the 
test, a fitness index (<70: very poor, 70–89: poor, 90–110: 
normal, 111–130: good, and >130: very good) adjusted 
for age, gender and body mass index (BMI) was calcu-
lated. The repeated tests were performed on the same 
track and at the same time of the year. At baseline, the 
number of steps per day was measured with Actiheart 4 
(CamNtech Ltd. UK).

Muscle strength (arm push, arm pull, leg extension 
and leg flexion) was assessed by fitness equipment (Ab 
Hur Oy, Finland) after a 5–10 min warm- up. Each subject 
performed five repetitions during 10 s. The resistance 
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was increased until the subjects were unable to perform 
more. One repetition maximum (1 RM) was calculated 
based on the Brzyckis formula: 1 RM = weight/(1.0278 – 
(0.0278 × repetitions)).21 Assessment of muscle strength 
was carried out on all participants in the training group 
and in a subgroup of consecutive participants in the 
prescription- of- exercise group. Number of subjects who 
participated in muscle strength testing at baseline was 
135 subjects (EG: n=106, PG: n=29), at 1 year 128 subjects 
(n=100 and n=28, respectively) and at 5 years 136 subjects 
(n=108 and n=28, respectively).

Anthropometrics and blood pressure
Body weight (Tanita BF-350, Japan) and height were 
measured with subjects in light clothing without shoes, 
and BMI was calculated. Waist circumference was 
measured with a soft tape on standing subjects midway 
between the lowest rib and the iliac crest. Two blood pres-
sure recordings (Omron 711) were obtained from the 
right arm of a sitting person after 30 min of rest at 5 min 
intervals, and their mean value was calculated.

Questionnaires and diaries
Questionnaires were used to obtain information about 
other diseases, current medication, smoking and alcohol 
consumption. At baseline, 1 year and 5 year follow- up 
frequency and intensity of physical activity during the past 
12 months was assessed using the validated Kuopio Isch-
emic Heart Disease questionnaire (KIHD).22 It provides 
detailed information on common lifestyle, commuting 
and leisure time physical activity and enables assessment 
of physical activity as metabolic equivalent of task (MET) 
hours per week (MET- hour/week). Furthermore, during 
the 1- year intervention, all participants in the PG and 
EG kept an exercise diary, in which they were instructed 
to log every exercise that they performed during the 
1- year period. The activities were then transformed to 
MET- hours per week and categorized into aerobic, gym 
or resistance training type of exercises and other miscel-
laneous physical activities. Miscellaneous physical activi-
ties included non- exercise type of activities, for example, 
home activities, home repair, lawn moving and gardening 
activities. In addition to the exercise diary, participants in 
the EG were instructed to log every supervised exercise 
session, including type, duration, and frequency. They 
performed three types of exercise (resistance training, 
Nordic walking, or aquatic training). The physical dose 
(duration, frequency, intensity, and volume) of the 
training was calculated. For each type of supervised exer-
cise, a MET- value was calculated based on the Compen-
dium of Physical Activities.23 The time- weighted average 
intensity of the training was expressed in MET- values 
and volume in MET- hours.24 Information on possible 
adverse effects was collected based on the participants 
reporting during the intervention. A questionnaire was 
also used collect data on type blood pressure, cholesterol, 
and diabetes medication at baseline and at 6 years. The 

information of each medication was dichtomized (0=no 
and 1=yes).

Analytical measurements
The subjects participated in an oral glucose tolerance test 
(OGTT) by ingesting 75 g of glucose (Glucodyn, Leiras, 
Turku, Finland) after a 12- hour overnight fast. Samples 
for the measurement of plasma glucose and serum 
insulin were drawn at 0, 30, and 120 min. Glucose and 
insulin area under curve (AUC glucose; AUC insulin=15 
× fasting concentration+60 × concentration at 30 min+45 
× concentration at 120 min) were also calculated. Fasting 
samples were drawn for the measurement of serum total 
cholesterol, high- density lipoprotein cholesterol (HDL- 
C), and triglyceride concentrations. LDL- C concentra-
tions were calculated using the Friedewald formula.25

Serum insulin concentrations were measured with a 
fluorometric immunoassay (AutoDELFIA B080-101- assay, 
PerkinElmer, USA), plasma glucose by HemoCue Glucose 
201- assay (HemoCue, Sweden), and serum lipids by an 
immunoturbidometric method (Konelab 60i 981700, 
Thermo Fisher Scientific, USA). Insulin sensitivity was 
assessed with homeostasis model assessment for insulin 
resistance (HOMA- IR=[(fasting serum insulin concen-
tration/fasting plasma glucose concentration)/22.5]26 
and with insulin sensitivity index (ISI=10 000/√(fasting 
glucose × fasting insulin × mean OGTT glucose × mean 
OGTT insulin)). As indices of insulin secretion, we used 
corrected insulin response (CIR=(100×insulin at 30 
min)/((glucose at 30 min)×(glucose at 30 min–3.89))) 
and disposition index (DI=CIR×ISI).

Statistical analyses
According to power analysis, 71 participants in each 
group were required to detect (power 80% and 95% CI) 
a 20% difference between the groups in achieving a 15% 
improvement in physical fitness. All data are reported as 
mean (SD or 95% CIs).

General linear models were used to compare the base-
line characteristics between the groups (EG and PG strat-
ified for FH). Linear mixed models were applied to test 
the differences between the PG and the EG during the 
1- year and 5- year follow- up. The independent variables 
for these models were group (EG vs PG), time (baseline, 
1 year, and 5 years), and FH and their interaction (group 
× time × FH). This model was employed to test the impact 
of FH on exercise responses (group × time × FH interac-
tion effect) and the differences between the EG and PG 
(time × group interaction effect). Subjects who had data 
on all time- points for a specific variable were included in 
the analyses. Nominal p values are reported, and alpha 
level 0.05 was set as a threshold for statistical significance. 
Pearson correlation was used to measure correlation 
between the exercise dose during the 1- year intervention 
and the residual change in outcomes from baseline to 1 
year.

The marginal mean weighting through stratification 
(MMWS) method was applied to estimate the average 
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treatment effect between the intervention groups (PG 
and EG) and the CON group.27–30 MMWS incorporates 
two propensity score based techniques (stratification and 
weighting) to reweight the dataset. The propensity score 
for each treatment group was estimated with multinomial 
logistic regression, where treatment allocation (PG, EG, 
and CON) was explained by the pretreatment covariates 
(sex, age, BMI, follow- up time, and fitness index). Each 
of the three propensity scores was then stratified into 
tertiles to reduce the initial bias in the covariates.31 The 
generated weights were then incorporated in the regres-
sion model.

The 6- year response was compared between groups 
with and without FH and adjusted for baseline values. 
To correct for multiple comparisons (PG vs CON, EG vs 
CON, PG vs EG, and PG+EG vs CON), a p value <0.0125 
(=0.05/4=0.0125) was used as a threshold for statistical 
significance in these analyses.

The generalized estimating equations were applied to 
compare the change in usage of medication for blood 
pressure and cholesterol between the CON, PG, and EG 
from baseline to 6- year follow- up. Penalized maximum 
likelihood logistic regression (Firth’s logistic regression) 
was used to compare the diabetes medication between 
the groups at 6 years, as none of the participants had 
diabetes medication at baseline, and the frequencies 
were low at 6 years.

All analyses were performed with Stata/SE V.14.2, 
Stata/MP V.15.1, and Stata/MP V.16.1.

RESULTS
Baseline characteristics of the intervention groups
A total of 290 participants were randomized into the two 
intervention arms. Altogether 266 participants (136 in 
PG and 130 in EG), who completed the 5- year follow- up, 
were included in the primary analyses (online supple-
mental figure S2). Baseline characteristics between the 
intervention groups stratified for FH were similar expect 
for LDL- C (table 1). LDL- C was 0.4 mmol/L (95% CI 
0.1 to 0.7) higher in the FH individuals in the exercise 
intervention compared with the FH individuals in the 
prescription group. No other significant differences were 
detected between the intervention groups.

Attendance for interventions and physical activity
During the 1- year intervention, 44% of the participants 
in the EG trained on average at least once and 11% 
trained at least twice per week. No significant differences 
in the dose of the intervention was observed between the 
FH− and FH+ groups (p>0.1) (online supplemental table 
S1). According to the exercise diaries, during the 1- year 
intervention, the EG performed on average more gym or 
resistance training type of exercise than the PG (online 
supplemental table S2). No significant differences were 
detected in aerobic type of exercises, miscellaneous 
physical activities or in total physical activity during the 
1- year period. Also, we detected no significant between 

the group differences in volume of leisure time phys-
ical activity at baseline, 1 year or 5 years measured with 
12- month KIHD recall questionnaire (online supple-
mental table S3).

The influence of mode of intervention exercise response at 1 
and 5 years
The EG had significantly lower body weight and waist 
circumference at 1 year, as well as lower total cholesterol, 
LDL- C, and diastolic BP (table 2) and better muscle 
strength (online supplemental table S3) at both 1 and 5 
years compared with the PG (p≤0.019). Overall, however, 
the beneficial metabolic changes obtained at the 1- year 
follow- up in the intervention groups tended to fade at 
5 years. No other significant differences were detected 
(online supplemental table S3). The sensitivity analyses 
for the main outcomes described in online supplemental 
table S6 indicated that these findings remained similar, 
even when we included all the participants in the anal-
yses that had data on at least from one time- point (base-
line, 1 year and 5 years). In addition, results remained 
similar when models were adjusted for baseline physical 
activity, physical activity by time interaction or volume 
of resistance training (data not shown). The correlation 
coefficients between the volume of exercise performed 
during the 1- year intervention and the residual change 
in outcomes from baseline to 1 year are described in the 
heat map in the online supplemental figure S3. There 
were no reported adverse effects in either group.

Exercise interventions versus population-based controls at 6 
years
At 6 years (median=6.7 years, IQR=0.9), there were no 
significant differences between the PG and EG in change 
any of the outcomes (p>0.079) (online supplemental 
table S4), which is why we investigated contrast between 
the pooled intervention group (PG+EG) and the CON 
group. To compare effects of intervention with the status 
of the general population, we compared 275 randomized 
participants (PG+EG) and 782 matched control subjects 
(CON) who had participated in the 6- year prospective 
part of the PPP- Botnia Study (online supplemental figure 
S2).

The baseline characteristics were similar between the 
CON and the pooled intervention group, except for 0.1 
mm Hg (95% CI 0.04 to 0.2) lower fasting glucose, 2.6 
mmol/L (95% CI 1.3 to 4.0) lower diastolic blood pres-
sure, and 8.1 IU/L (95% CI 2.3 to 13.8) higher 30 min 
insulin level in the pooled intervention compared with 
the CON group (table 3, online supplemental table S5).

Compared with CON group, the pooled intervention 
group had significantly lower systolic and diastolic blood 
pressure, insulin levels, HOMA- IR, and higher HDL- C 
at 6 years (table 3) and a nominally significant decrease 
in 2- hour glucose from the baseline. The intervention 
groups also showed a slightly higher increase in fasting 
glucose from baseline compared with the CON group, 
which could possibly be explained by the lower fasting 
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glucose in the pooled intervention group at baseline 
(online supplemental table S5). The usage of blood 
pressure, cholesterol and diabetes medication increased 
similarly in each group during the 6- year period (online 
supplemental figure S4).

The influence of FH on exercise response
FH modified the response of lipids and waist circumfer-
ence to training. In FH− individuals, EG improved LDL- C 
at both 1 and 5 years and waist circumference at 1 year 
compared with the PG (figure 1C and E). No such effects 
were found in the FH+ group, which showed similar 

response to EG and PG interventions (figure 1D and F). 
At 1 year and 5 years, FH did not significantly influence 
the exercise response measured as aerobic fitness (p for 
time × group × FH interaction=0.11) (figure 1A and B) or 
any other outcomes.

At 6 years, there was a significant interaction between 
the mode of intervention (EG and PG) and FH on the 
change in LDL- C (group × FH interaction effect) (online 
supplemental figure S5). Among the FH− group, LDL- C 
decreased in the EG compared with the PG (p=0.023), 
but no such effect was detected among the FH+ group 

Table 1 Baseline characteristics of individuals in the intervention groups stratified for family history of type 2 diabetes (FH)

Variable

Prescription group (PG) Exercise group (EG)

P value

FH− (n=71) FH+ (n=73) FH− (n=72) FH+ (n=74)

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Males, n (%) 71 39 (55) 73 35 (48) 72 42 (58) 74 36 (48) 0.535

Age (years) 71 49.1 (12) 73 50.9 (10.6) 72 49.6 (11.8) 74 49.2 (10.6) 0.769

Weight (kg) 66 81.7 (13.2) 68 81.1 (14.8) 62 83.5 (14.5) 65 82.8 (15.3) 0.781

BMI (kg/m2) 71 27.5 (3.2) 71 28.2 (3.7) 72 28.2 (4.3) 74 28.1 (4.0) 0.643

BMI categories, n(%) 0.861

  Normal weight (<25 kg/m2) 71 12 (17) 71 12 (17)) 72 15 (21) 74 13 (18)

  Overweight (25–29.9 kg/m2) 71 45 (63) 71 39 (55) 72 40 (56) 74 40 (54)

  Obese (≥30 kg/m2) 71 14 (20) 71 20 (28) 72 17 (24) 74 21 (28)

Waist circumference (cm) 66 95 (11.1) 68 93.4 (11.8) 62 97.2 (13.6) 65 95.3 (12.9) 0.379

Fitness index 71 73.8 (12.1) 73 73.3 (15.6) 72 72.2 (18.5) 74 73.1 (15) 0.932

LTPA (met- hours/week) 66 19 (20.2) 69 22.8 (22.7) 63 25.1 (22.8) 64 26 (19.9) 0.256

Number of steps 52 6.4 (2.5) 62 6.7 (2.5) 46 6.5 (2.4) 53 6.5 (2.9) 0.958

Blood pressure medication, n(%) 71 6 (13) 73 17 (23) 72 14 (19) 74 12 (16) 0.395

Lipid medication, n(%) 71 6 (8) 73 4 (5) 72 10 (14) 74 7 (9) 0.394

Systolic BP (mm Hg) 66 134.1 (15.3) 68 136.7 (14.5) 62 134.8 (15.4) 65 132.6 (14.4) 0.459

Diastolic BP (mm Hg) 71 82.6 (8.7) 73 81.4 (8.4) 72 82.7 (8.9) 74 82 (8.8) 0.804

Triglycerides (mmol/L) 71 1.23 (0.62) 73 1.27 (0.58) 72 1.37 (0.81) 74 1.39 (0.74) 0.437

Total cholesterol (mmol/L) 71 5.07 (0.88) 73 5.36 (0.9) 72 5.46 (0.9) 74 5.28 (1.06) 0.085

HDL cholesterol (mmol/L) 71 1.4 (0.43) 73 1.41 (0.41) 72 1.34 (0.39) 74 1.34 (0.38) 0.593

LDL cholesterol (mmol/L) 71 3.11 (0.8) 73 3.37 (0.85 69 3.51 (0.77) 72 3.31 (0.91) 0.039

Fasting glucose (mmol/L) 71 5.4 (0.5) 73 5.5 (0.6) 72 5.4 (0.5) 73 5.5 (0.5) 0.061

30 min glucose (mmol/L) 70 8.1 (1.6) 73 8.4 (1.5) 72 8 (1.5) 73 8.6 (1.7) 0.142

2- hour glucose (mmol/L) 71 5.2 (1.5) 73 5.4 (1.4) 72 5.1 (1.3) 73 5.4 (1.5) 0.641

AUC glucose 70 861.7 (139.1) 73 887.7 (127.2) 72 853.2 (119.9) 73 901 (145.7) 0.112

Fasting insulin (mU/L) 68 7.4 (7.3) 73 6.6 (3.7) 68 6.9 (4.5) 66 7.3 (4.7) 0.755

30 min insulin (mU/L) 67 63.4 (34.4) 72 61.5 (37.1) 68 65.4 (37) 66 70.6 (42.1) 0.529

2- hour insulin (mU/L) 68 32.4 (29.8) 70 31.1 (22.9) 68 31.4 (23.3) 65 32.3 (24.5) 0.986

AUC insulin (103) 67 5.43 (2.94) 70 5.28 (2.92) 68 5.5 (3) 65 5.9 (3.16) 0.678

ISI 67 156.9 (87.8) 70 148 (69.5) 68 147.4 (76.9) 65 138.7 (86) 0.638

CIR 67 240.2 (289.8) 72 181.2 (111.5) 68 224.4 (171.1) 66 251.6 (356.1) 0.359

DI (103) 67 34.2 (41.2) 70 25.7 (17.8) 68 31.5 (31.7) 65 29 (35.2) 0.474

HOMA- IR 69 1.8 (2.0) 71 1.6 (1.0) 67 1.7 (1.1) 66 1.8 (1.2) 0.750

Data are shown as mean (SD) unless otherwise stated.
AUC, area under the curve; BMI, body mass index; BP, blood pressure; CIR, corrected insulin response; DI, disposition index; FH, family history of 
type 2 diabetes; HDL, high- density lipoprotein; HOMA- IR, homeostasis model assessment for insulin resistance; ISI, insulin sensitivity index; LDL, 
low- density lipoprotein; LTPA, leisure time physical activity.

https://dx.doi.org/10.1136/bmjdrc-2020-001377
https://dx.doi.org/10.1136/bmjdrc-2020-001377
https://dx.doi.org/10.1136/bmjdrc-2020-001377
https://dx.doi.org/10.1136/bmjdrc-2020-001377
https://dx.doi.org/10.1136/bmjdrc-2020-001377
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Table 2 The comparison of the effect of 1- year prescription- only intervention and supervised exercise intervention on 
physical fitness, body weight, waist circumference, blood pressure, lipid and glucose metabolism at 1 year and 5 years

Variable N

Mean (SE)

Exercise versus prescription group change

P for time × 
group interaction

Mean (95% CI)*

Baseline 1 year 5 years 1 year 5 years

Fitness index

  Prescription 99 74.2 (1.2) 83.1 (83.1) 81.5 (1.6)

  Exercise 94 73.7 (1.4) 84.3 (84.3) 79.3 (1.8) 1.7 (−1.1 to 4.5) −1.6 (−5.0 to 1.8) 0.074

Weight (kg)

  Prescription 134 81.4 (1.2) 81.1 (81.1) 82.0 (1.3)

  Exercise 127 83.2 (1.3) 81.9 (81.9) 84.2 (1.4) −0.9 (−1.7 to −0.2) 0.4 (−0.7 to 1.5) 0.008

Waist circumference (cm)

  Prescription 134 94.2 (1.0) 92.3 (92.3) 94.9 (1.0)

  Exercise 127 96.2 (1.2) 93.2 (93.2) 97.4 (1.1) −1.3 (−2.4 to −0.1) 0.5 (−0.9 to 1.8) 0.011

Systolic BP (mm Hg)

  Prescription 132 135.2 (1.3) 132.1 (132.1) 134.4 (1.4)

  Exercise 126 133.7 (1.3) 128.5 (128.5) 131.0 (1.4) −2.1 (−4.7 to 0.5) −1.9 (−4.9 to 1.2) 0.244

Diastolic BP (mm Hg)

  Prescription 132 81.9 (0.8) 78.8 (78.8) 76.0 (0.8)

  Exercise 126 82.6 (0.8) 77.9 (77.9) 74.2 (0.7) −1.6 (−3.2 to −0.04) −2.5 (−4.3 to −0.6) 0.019

Triglycerides (mmol/L)

  Prescription 136 1.27 (0.05) 1.27 (1.27) 1.32 (0.06)

  Exercise 128 1.4 (0.07) 1.25 (1.25) 1.44 (0.07) −0.15 (−0.31 to 0.01) −0.01 (−0.15 to 0.13) 0.147

Total cholesterol (mmol/L)

  Prescription 136 5.26 (0.08) 5.35 (5.35) 5.68 (0.09)

  Exercise 128 5.36 (0.09) 5.24 (5.24) 5.46 (0.09) −0.21 (−0.41 to −0.01) −0.32 (−0.52 to −0.12) 0.006

HDL- cholesterol (mmol/L)

  Prescription 136 1.40 (0.04) 1.47 (1.47) 1.42 (0.04)

  Exercise 128 1.35 (0.03) 1.41 (1.41) 1.32 (0.04) −0.01 (−0.08 to 0.05) −0.05 (−0.11 to 0.01) 0.210

LDL- cholesterol (mmol/L)

  Prescription 132 3.25 (0.07) 3.29 (3.29) 3.64 (0.08)

  Exercise 121 3.38 (0.08) 3.25 (3.25) 3.49 (0.08) −0.17 (−0.35 to 0.004) −0.28 (−0.46 to −0.10) 0.006

Fasting glucose (mmol/L)

  Prescription 135 5.4 (0.05) 5.3 (5.3) 5.5 (0.05)

  Exercise 129 5.5 (0.04) 5.4 (5.4) 5.6 (0.1) 0.0 (−0.1 to 0.1) 0.03 (−0.1 to 0.2) 0.831

30 min glucose (mmol/L)

  Prescription 131 8.3 (0.1) 8.2 (8.2) 8.5 (0.1)

  Exercise 123 8.4 (0.1) 8.3 (8.3) 8.8 (0.2) 0.03 (−0.3 to 0.4) 0.3 (−0.1 to 0.6) 0.307

2- hour glucose (mmol/L)

  Prescription 132 5.3 (0.1) 5.1 (5.1) 5.4 (0.1)

  Exercise 125 5.2 (0.1) 4.8 (4.8) 5.5 (0.1) −0.2 (−0.6 to 0.1) 0.1 (−0.3 to 0.5) 0.123

Fasting insulin (mU/L)

  Prescription 130 7.1 (0.5) 6.1 (6.1) 7.3 (0.4)

  Exercise 126 7.2 (0.4) 6.7 (6.7) 8.4 (0.5) 0.4 (−0.7 to 1.6) 1 (−0.2 to 2.3) 0.231

30 min insulin (mU/L)

  Prescription 125 63.4 (3.2) 62.0 (62.0) 68.3 (3.8)

  Exercise 120 68.1 (3.7) 60.9 (60.9) 75.6 (4.9) −5.8 (−13.4 to 1.8) 2.6 (−7.1 to 12.4) 0.202

2- hour insulin (mU/L)

  Prescription 124 32.3 (2.1) 27.9 (27.9) 36.2 (2.8)

  Exercise 117 31.6 (2.1) 25.6 (25.6) 37.2 (2.5) −1.6 (−6.9 to 3.7) 1.8 (−4.1 to 7.6) 0.562

HOMA- IR

Continued
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(p=0.815). However, among the FH+, both intervention 
groups had a similar increase in their LDL- C compared 
with the CON group, but this was statistically significant 
only for the PG (p=0.023). No other significant group × 
FH+ interactions were found (p>0.07). No other signif-
icant group × FH+ interactions were found (p>0.07) 
(table 3).

DISCUSSION
In an adult non- diabetic population with low cardiorespi-
ratory fitness, we detected no difference in cardiorespi-
ratory fitness between the 1 year EG or PG interventions 
at 1 or 5 years. The 1- year EG intervention, however, 
induced greater improvement in muscle strength, larger 
reduction in body weight and diastolic blood pressure, 
and LDL- cholesterol than the prescription only interven-
tion. In addition, contrary to our hypothesis, we found 
no strong evidence that FH modifies individual respon-
siveness to exercise. Our findings suggest that individuals 
with FH may be less prone to reduce their LDL- C and 
possibly waist circumference with exercise, but overall, 
they achieve similar exercise- induced improvements in 
insulin resistance, HDL- C, and blood pressure as individ-
uals without FH. The main finding was that irrespective 
of the mode of intervention, the 1- year low- cost exer-
cise interventions resulted in a lower 6- year systolic and 
diastolic blood pressure, insulin levels, HOMA- IR and 
higher HDL- C compared with the background popula-
tion, the CON group, taken from the same population 
study. Thus, the present findings support the conclusion 
that both EG and PG interventions have beneficial long- 
term effects on cardiometabolic health independent of 
the FH status.

The strength of the study is the population- based 
recruitment of the study participants and random allo-
cation of participants into a training and prescription 
group. We also observed a very low overall dropout rate, 
as 91.7% of the participants participated in the 5- year 
examination. We were able to take a real- life control 
group from the PPP- Botnia cohort and to estimate the 
propensity score based average treatment effect of those 
who did or did not receive the intervention. Furthermore, 
participants reported no major adverse effects that can 
be traced back to the interventions. Thus, these interven-
tions can be safely recommended for adult populations.

There are some limitations of the current study 
that should be addressed. As in many other studies, 
we encountered problems with monitoring physical 
activity and quantity and intensity of exercise interven-
tions. The key instruments were 12- month recall ques-
tionnaire, the exercise diary and adherence to weekly 
exercise sessions, but this was left to the individual’s 
compliance. Although we aimed to test a less resource- 
consuming intervention, in future studies, it may be 
beneficial to include activating contacts, including 
new web- based technologies, by health professionals or 
trainers to increase the motivation and adherence to 
the intervention.

In the present study, individually given low- resource 
intensive exercise prescription intervention aiming for 
150 min of exercise per week provided similar long- term 
cardiometabolic health benefits as the supervised exer-
cise intervention in low- risk population. Participants that 
received either type of exercise intervention (PG+EG) 
improved their blood pressure, HDL- C, and insulin sensi-
tivity, without a significant change in the waist circum-
ference or body weight, compared with the CON group 
during the 6.8- year follow- up (table 3). Our findings 
support the findings from previous studies reporting 
beneficial cardiometabolic effects from unsupervised 
or counselling- based exercise interventions.32–34 These 
studies have, however, had relatively short follow- up time 
(6–12 months) and included mostly high- risk popula-
tions. According to the recent review including people 
with no cardiovascular disease risk factors, lifestyle 
interventions (diet and/or exercise) induced a small 
improvement in systolic and diastolic blood pressure, 
LDL- C, BMI, and waist circumference, but not in HDL- 
C.8 In the present study, we observed improvements in 
systolic and diastolic blood pressure, but not in LDL- C 
or in adiposity. However, exercise intervention groups 
improved HDL- C and insulin sensitivity compared with 
the CON group. The discrepancy between the studies is 
most likely explained by the type of intervention, longer 
follow- up, and inclusion of community- based control 
group rather than a randomly allocated control group in 
the present study. Despite small differences between the 
studies, the evidence strongly suggests that low- resource 
intensive exercise intervention is a feasible, low- cost alter-
native to promote long- term cardiometabolic health in 
low- risk individuals.

Variable N

Mean (SE)

Exercise versus prescription group change

P for time × 
group interaction

Mean (95% CI)*

Baseline 1 year 5 years 1 year 5 years

  Prescription 126 1.8 (0.1) 1.5 (1.5) 1.8 (0.1)

  Exercise 122 1.8 (0.1) 1.6 (1.6) 2.1 (0.1) 0.1 (−0.2 to 0.5) 0.3 (−0.1 to –0.6) 0.349

*Adjusted for family history of type 2 diabetes.
BP, blood pressure; HDL, high- density lipoprotein; HOMA- IR, homeostasis model assessment for insulin resistance; LDL, low- density lipoprotein.

Table 2 Continued
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Both the PG and the EG performed similarly in most 
of the measured variables. The EG gained more muscle 
strength during the intervention, which can be explained 
by the fact that resistance training was the most common 
type of exercise (online supplemental table S1). Also, 
muscle strength measurements were only available from 
a subsample of the PG, which limits the generalizability 
of these findings.

FH did not influence aerobic fitness response to 
training. These findings are consistent with a previous 
study reporting similar increase in the VO2max between 

the first- degree relatives of type 2 diabetic patients 
and controls after a 10- week aerobic exercise interven-
tion.15 Previously, it has also been suggested, although 
informally tested, that FH+ group may require greater 
volume of exercise to achieve similar VO2max gain as the 
FH− group.16 In the present study, such effects were 
unobserved, as the slope between the total volume (MET- 
hours) of exercise and the change in the fitness score 
were similar between the FH− and FH+ groups (p for 
total exercise volume × FH interaction=0.361, data not 
shown). The discrepancy between the findings is most 
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Figure 1 Mean change in fitness index (A and B), LDL- cholesterol (C and D) and waist circumference (E and F) in the 
prescription group (black square) and in the exercise intervention group (white square) in people with (FH+) or without (FH−) 
family history of diabetes. Error bars indicate 95% CI. FH, family history of type 2 diabetes; LDL, low- density lipoprotein.
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likely explained by the differences in the dose (type, 
volume, and intensity) of the exercise interventions and 
that we only included low fit individuals and used indi-
rect measure of physical fitness. Usage of walk test may 
have limited our ability to detect differences between 
the FH− and FH+ groups in fitness. However, in a large 
community- based study, direct measurement of VO2max is 
infeasible. In fact, the walk- test based predicted fitness 
score correlates well with direct VO2 measurements, and 
it can be successfully applied in follow- up studies.19 More-
over, as both intervention groups improved their fitness 
score, the walk test was sensitive enough to capture 
intervention- induced changes in fitness. In addition, a 
previous study that used graded exercise test reported 
similar increases in fitness between the FH− and FH+ 
groups after 8 weeks of training.35 It should, however, be 
emphasized that the observed increase in fitness among 
FH+ does not associate with similar muscle adaptations 
(eg, insulin sensitivity) as in the FH− group.15

Previous studies have well established that regular exer-
cise decreases waist circumference and reduces LDL- C 
level.8 In the present study, such benefits were only 
detected among the FH− group. It has previously been 
reported that FH reduces fat oxidation36 37 and high- fat 
diet induced fat oxidation.38 The reduced fat oxidation 
in response to high- fat diet was unexplained by the differ-
ences in VO2max,

38 which could partly explain why FH 
influenced only on lipoprotein and fat metabolism, but 
not physical fitness. Taken together, we found no strong 
evidence supporting FH as a modifier of cardiometabolic 
response to exercise.

In conclusion, 1- year PG or EG intervention provide 
similar long- term cardiometabolic health benefits 
compared with the community- based control popula-
tion. Although the FH modulated the LDL- C and waist 
circumference response to exercise, it seems that it does 
not systematically modify cardiometabolic response to 
exercise in any major way. These findings illustrate that 
low- resource promotion of physical activity in a clinical 
setting can be a feasible tool for enhancing long- term 
cardiometabolic health in an adult FH− or FH+ popula-
tions. We encourage healthcare policymakers and prac-
titioners to take actions that promote incorporation 
of low- cost physical activity programs into the clinical 
practice.

Author affiliations
1Department of General Practice and Primary Health Care, University of Helsinki, 
Helsinki, Finland
2Folkhälsan Research Center, Helsinki, Finland
3The Department of Social Services and Health Care, City of Jakobstad, Jakobstad, 
Finland
4Center of Excellence in Complex Disease Genetics, Institute of Molecular Medicine 
Finland, University of Helsinki, Helsinki, Finland
5Närpes Health Care Center, Närpes, Finland
6Vaasa Central Hospital, Vaasa, Finland
7Lund University Diabetes Centre, Depratment of Clinical Sciences, Lund University, 
Malmö, Sweden
8Department of Endocrinology, Abdominal Centre, Helsinki University Hospital, 
Helsinki, Finland

9Research Program Unit, Clinical and Molecular Metabolism, University of Helsinki, 
Helsinki, Finland

Acknowledgements The skilful assistance of the Botnia Study Group is gratefully 
acknowledged.

Contributors BAI, LG, JGE, OH, and TT were responsible for the study concept 
and design; BAI, BÖ, BF, KL, LH, and TT monitored the data collection. BAI and LH 
cleaned the data. NSW analyzed the data, and NSW, BAI, LG, OH, and TT interpreted 
the findings. NSW, BAI, OH, and TT drafted the manuscript, and NSW, BAI, BÖ, BF, 
KL, LH, JGE, LG, OH, and TT revised the manuscript. NSW, BAI, BÖ, BF, KL, LH, JGE, 
LG, OH, TT) approved the final version of the study and agreed to be accountable 
for all aspects of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and resolved. The 
corresponding author attests that all listed authors meet authorship criteria and 
that no others meeting the criteria have been omitted. TT is a guarantor of the 
study.

Funding The Botnia and The PPP- Botnia studies (LG and TT) have been financially 
supported by grants from Folkhälsan Research Foundation, the Sigrid Juselius 
Foundation, The Academy of Finland (grants no. 263401, 267882, 312063 to 
LG and 312072 to TT), Nordic Center of Excellence in Disease Genetics, EU 
(EXGENESIS, EUFP7- MOSAIC FP7-600914), Ollqvist Foundation, Swedish Cultural 
Foundation in Finland, Finnish Diabetes Research Foundation, Foundation for Life 
and Health in Finland, Signe and Ane Gyllenberg Foundation, Finnish Medical 
Society, Paavo Nurmi Foundation, Helsinki University Central Hospital Research 
Foundation, Perklén Foundation, Närpes Health Care Foundation and Ahokas 
Foundation. The study has also been supported by the Ministry of Education in 
Finland, Municipal Heath Care Center and Hospital in Jakobstad, Health Care 
Centers in Vasa, Närpes and Korsholm, Crafoord Foundation, Novo Nordisk 
Foundation, Magnus Bergvall Foundation, Påhlsson Foundation, Swedish Diabetes 
Research Foundation, Swedish Research Council (strategic Research Area Exodiab 
dnr 2009-1039, Linnaeus grant dnr 349-2006-237) and the Swedish Foundation 
for Strategic Research (dnr IRC15-0067).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The study was approved by the ethics committee of the Helsinki 
University Hospital (Dnro 574/E5/03).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request from THL 
Biobank, https:// thl. fi/ en/ web/ thl- biobank.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iDs
Niko S Wasenius http:// orcid. org/ 0000- 0002- 9007- 6660
Liisa Hakaste http:// orcid. org/ 0000- 0001- 9212- 3873
Johan G Eriksson http:// orcid. org/ 0000- 0002- 2516- 2060
Leif Groop http:// orcid. org/ 0000- 0002- 0187- 3263
Ola Hansson http:// orcid. org/ 0000- 0002- 7394- 7639
Tiinamaija Tuomi http:// orcid. org/ 0000- 0002- 8306- 6202

REFERENCES
 1 Mammen G, Faulkner G. Physical activity and the prevention of 

depression: a systematic review of prospective studies. Am J Prev 
Med 2013;45:649–57.

https://thl.fi/en/web/thl-biobank
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-9007-6660
http://orcid.org/0000-0001-9212-3873
http://orcid.org/0000-0002-2516-2060
http://orcid.org/0000-0002-0187-3263
http://orcid.org/0000-0002-7394-7639
http://orcid.org/0000-0002-8306-6202
http://dx.doi.org/10.1016/j.amepre.2013.08.001
http://dx.doi.org/10.1016/j.amepre.2013.08.001


11BMJ Open Diab Res Care 2020;8:e001377. doi:10.1136/bmjdrc-2020-001377

Cardiovascular and metabolic risk

 2 Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk 
of breast cancer, colon cancer, diabetes, ischemic heart disease, 
and ischemic stroke events: systematic review and dose- response 
meta- analysis for the global burden of disease study 2013. BMJ 
2016;354:i3857.

 3 Rezende LFMde, Sá THde, Markozannes G, et al. Physical activity 
and cancer: an umbrella review of the literature including 22 major 
anatomical sites and 770 000 cancer cases. Br J Sports Med 
2018;52:826–33.

 4 Arem H, Moore SC, Patel A, et al. Leisure time physical activity 
and mortality: a detailed pooled analysis of the dose- response 
relationship. JAMA Intern Med 2015;175:959–67.

 5 Warburton DER, Bredin SSD. Health benefits of physical activity: a 
systematic review of current systematic reviews. Curr Opin Cardiol 
2017;32:541–56.

 6 Boulé NG, Haddad E, Kenny GP, et al. Effects of exercise on 
glycemic control and body mass in type 2 diabetes mellitus: a meta- 
analysis of controlled clinical trials. JAMA 2001;286:1218–27.

 7 Milanović Z, Sporiš G, Weston M. Effectiveness of high- intensity 
interval training (HIT) and continuous endurance training for VO2max 
improvements: a systematic review and meta- analysis of controlled 
trials. Sports Med 2015;45:1469–81.

 8 Patnode CD, Evans CV, Senger CA, et al. Behavioral counseling 
to promote a healthful diet and physical activity for cardiovascular 
disease prevention in adults without known cardiovascular disease 
risk factors: updated evidence report and systematic review for the 
US preventive services Task force. JAMA 2017;318:175–93.

 9 Bouchard C, Blair SN, Church TS, et al. Adverse metabolic response 
to regular exercise: is it a rare or common occurrence? PLoS One 
2012;7:e37887.

 10 Bouchard C, Rankinen T. Individual differences in response to 
regular physical activity. Med Sci Sports Exerc 2001;33:S446–51.

 11 Bouchard C, An P, Rice T, et al. Familial aggregation of VO(2max) 
response to exercise training: results from the HERITAGE Family 
Study. J Appl Physiol 1999;87:1003–8.

 12 Isomaa B, Forsén B, Lahti K, et al. A family history of diabetes 
is associated with reduced physical fitness in the Prevalence, 
Prediction and Prevention of Diabetes (PPP)- Botnia study. 
Diabetologia 2010;53:1709–13.

 13 Befroy DE, Petersen KF, Dufour S, et al. Impaired mitochondrial 
substrate oxidation in muscle of insulin- resistant offspring of type 2 
diabetic patients. Diabetes 2007;56:1376–81.

 14 Mootha VK, Lindgren CM, Eriksson K- F, et al. PGC- 1alpha- 
responsive genes involved in oxidative phosphorylation are 
coordinately downregulated in human diabetes. Nat Genet 
2003;34:267–73.

 15 Østergård T, Andersen JL, Nyholm B, et al. Impact of exercise 
training on insulin sensitivity, physical fitness, and muscle oxidative 
capacity in first- degree relatives of type 2 diabetic patients. Am J 
Physiol Endocrinol Metab 2006;290:E998–1005.

 16 Ekman C, Elgzyri T, Ström K, et al. Less pronounced response to 
exercise in healthy relatives to type 2 diabetic subjects compared 
with controls. J Appl Physiol 2015;119:953–60.

 17 Johannsen NM, Sparks LM, Zhang Z, et al. Determinants of the 
changes in glycemic control with exercise training in type 2 diabetes: 
a randomized trial. PLoS One 2013;8:e62973.

 18 Di Camillo B, Hakaste L, Sambo F, et al. HAPT2D: high accuracy of 
prediction of T2D with a model combining basic and advanced data 
depending on availability. Eur J Endocrinol 2018;178:331–41.

 19 Laukkanen RM, Kukkonen- Harjula TK, Oja P, et al. Prediction 
of change in maximal aerobic power by the 2- km walk test 
after walking training in middle- aged adults. Int J Sports Med 
2000;21:113–6.

 20 Oja P, Laukkanen R, Pasanen M, et al. A 2- km walking test for 
assessing the cardiorespiratory fitness of healthy adults. Int J Sports 
Med 1991;12:356–62.

 21 Brzycki M. Strength Testing—Predicting a One- Rep max from Reps- 
to- Fatigue. J Phys Educ Recreat Dance 1993;64:88–90.

 22 Salonen JT, Lakka TA. Assessment of physical activity in population 
studies—validity and consistency of the methods in the Kuopio 
ischemic heart study. Scand J Med Sci Sports 1987;9:88–95.

 23 Ainsworth BE, Haskell WL, Herrmann SD. The compendium of 
physical activities tracking guide. Healthy Lifestyles Research Center, 
College of Nursing & Health Innovation, Arizona State University, 
2011.

 24 Wasenius N, Venojärvi M, Manderoos S, et al. Unfavorable influence 
of structured exercise program on total leisure- time physical activity. 
Scand J Med Sci Sports 2014;24:404–13.

 25 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of low- density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin Chem 
1972;18:499–502.

 26 Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model 
assessment: insulin resistance and beta- cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia 
1985;28:412–9.

 27 Huang I- C, Frangakis C, Dominici F, et al. Application of a 
propensity score approach for risk adjustment in profiling 
multiple physician groups on asthma care. Health Serv Res 
2005;40:253–78.

 28 Hong G. Marginal mean weighting through stratification: a 
generalized method for evaluating multivalued and multiple 
treatments with nonexperimental data. Psychol Methods 
2012;17:44–60.

 29 Linden A. MMWS: Stata module to perform marginal mean weighting 
through stratification, 2014.

 30 Linden A. Combining propensity score- based stratification and 
weighting to improve causal inference in the evaluation of health 
care interventions. J Eval Clin Pract 2014;20:1065–71.

 31 Rosenbaum PR, Rubin DB. Reducing bias in observational studies 
using subclassification on the propensity score. J Am Stat Assoc 
1984;79:516–24.

 32 Payne WR, Walsh KJ, Harvey JT, et al. Effect of a low- resource- 
intensive lifestyle modification program incorporating gymnasium- 
based and home- based resistance training on type 2 diabetes risk in 
Australian adults. Diabetes Care 2008;31:2244–50.

 33 Stefanov T, Vekova A, Bonova I, et al. Effects of supervised 
vs non- supervised combined aerobic and resistance exercise 
programme on cardiometabolic risk factors. Cent Eur J Public Health 
2013;21:8–16.

 34 Absetz P, Valve R, Oldenburg B, et al. Type 2 diabetes prevention in 
the "real world": one- year results of the GOAL Implementation Trial. 
Diabetes Care 2007;30:2465–70.

 35 Amador M, Meza CA, McAinch AJ, et al. Exercise- Induced 
improvements in insulin sensitivity are not attenuated by a family 
history of type 2 diabetes. Front Endocrinol 2020;11:120.

 36 De Pergola G, Pannacciulli N, Minenna A, et al. Fuel metabolism in 
adult individuals with a wide range of body mass index: effect of a 
family history of type 2 diabetes. Diabetes Nutr Metab 2003;16:41–7.

 37 Elgzyri T, Parikh H, Zhou Y, et al. First- Degree relatives of type 2 
diabetic patients have reduced expression of genes involved in 
fatty acid metabolism in skeletal muscle. J Clin Endocrinol Metab 
2012;97:E1332–7.

 38 Ukropcova B, Sereda O, de Jonge L, et al. Family history of diabetes 
links impaired substrate switching and reduced mitochondrial 
content in skeletal muscle. Diabetes 2007;56:720–7.

http://dx.doi.org/10.1136/bmj.i3857
http://dx.doi.org/10.1136/bjsports-2017-098391
http://dx.doi.org/10.1001/jamainternmed.2015.0533
http://dx.doi.org/10.1097/HCO.0000000000000437
http://dx.doi.org/10.1001/jama.286.10.1218
http://dx.doi.org/10.1007/s40279-015-0365-0
http://dx.doi.org/10.1001/jama.2017.3303
http://dx.doi.org/10.1371/journal.pone.0037887
http://dx.doi.org/10.1097/00005768-200106001-00013
http://dx.doi.org/10.1152/jappl.1999.87.3.1003
http://dx.doi.org/10.1007/s00125-010-1776-y
http://dx.doi.org/10.2337/db06-0783
http://dx.doi.org/10.1038/ng1180
http://dx.doi.org/10.1152/ajpendo.00012.2005
http://dx.doi.org/10.1152/ajpendo.00012.2005
http://dx.doi.org/10.1152/japplphysiol.01067.2014
http://dx.doi.org/10.1371/journal.pone.0062973
http://dx.doi.org/10.1530/EJE-17-0921
http://dx.doi.org/10.1055/s-2000-8872
http://dx.doi.org/10.1055/s-2007-1024694
http://dx.doi.org/10.1055/s-2007-1024694
http://dx.doi.org/10.1080/07303084.1993.10606684
http://dx.doi.org/10.1111/sms.12015
http://dx.doi.org/10.1093/clinchem/18.6.499
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1111/j.1475-6773.2005.00352.x
http://dx.doi.org/10.1037/a0024918
http://dx.doi.org/10.1111/jep.12254
http://dx.doi.org/10.1080/01621459.1984.10478078
http://dx.doi.org/10.2337/dc08-0152
http://dx.doi.org/10.21101/cejph.a3801
http://dx.doi.org/10.2337/dc07-0171
http://dx.doi.org/10.3389/fendo.2020.00120
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/12848304
http://dx.doi.org/10.1210/jc.2011-3037
http://dx.doi.org/10.2337/db06-0521

	Low-cost exercise interventions improve long-term cardiometabolic health independently of a family history of type 2 diabetes: a randomized parallel group trial
	Abstract
	Introduction
	Research design and methods
	Study participants
	Interventions
	Timing of the measurements
	Assessment of aerobic physical fitness, steps, and muscle strength
	Anthropometrics and blood pressure
	Questionnaires and diaries
	Analytical measurements
	Statistical analyses

	Results
	Baseline characteristics of the intervention groups
	Attendance for interventions and physical activity
	The influence of mode of intervention exercise response at 1 and 5 years
	Exercise interventions versus population-based controls at 6 years
	The influence of FH on exercise response

	Discussion
	References


