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ABSTRACT 

Objective 
To develop a Metabolic Risk Score (MRS), based on simple questions, to detect young 
adults with metabolic syndrome (MetS) from the general population. 

Design and Methods 
This cross-sectional study is based on the data of 642 young adults from the Terneuzen 
Birth Cohort, born between 1977-1986. At young adulthood data were obtained by 
postal questionnaires, anthropometric measurements and blood tests. Candidate 
predictors of MetS (NCEP ATPIII) were age, mother's age at delivery, participant's and 
parents' BMI, being first-born, smoking, having breakfast, drinking of sweet beverages, 
consumption of snacks, watching television, and participation in physical sports. We 
determined the final risk model by backward multiple logistic regression. Its 
performance was studied by discrimination, the explained variance and the area under 
the curve. Internal validation was performed by bootstrapping procedures. The 
regression coefficients were transformed into risk scores. 

Results 
The final diagnostic model to detect MetS in young adults includes BMI, having 
breakfast, smoking behaviour, participation in physical sports, and being firstborn. This 
model has high performance. After internal validation the AUC was 0.89, with 
Nagelkerke R2 0.40. The sum of the risk scores, the Metabolic Risk Score (MRS), can 
be used as a risk estimation instrument in general practice. At the cut-off MRS=25 the 
sensitivity, specificity, PPV and NPV were 0.88, 0.73, 0.21 and 0.99, respectively, 
implying that those without MetS who are invited for medical evaluation are a quarter 
of the total population. 

Conclusions 
The MRS is highly discriminatory in detecting young adults with MetS in a general 
population, even those with a normal BMI. At the cut-off MRS=25 in 1 out of the 5 
persons who were invited for further diagnostics, MetS is assessed. This seems 
reasonable for the use of the risk score as a first detection instrument in the general 
population of young adults. 
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INTRODUCTION 

In recent decades a tremendous rise in the prevalence of type 2 diabetes and 
cardiovascular diseases has been observed also in young people.1-3 The prevalence of 
metabolic syndrome (MetS) in 20-35 year olds varies from 5 to 10% even in 
populations with a relative low prevalence of overweight and obesity.4-6 MetS is a 
progressive disorder often culminating in the development of type 2 diabetes, which 
further increases the risk of cardiovascular disease.7 MetS itself is associated with 
subclinical atherosclerosis independent of insulin resistance and arterial stiffness,8 and 
triples the risk of cardiovascular disease and all-cause mortality even in the absence of 
diabetes.9 
 
By lifestyle modification consisting of exercise and/or caloric restriction by persons 
with MetS, the development of overt type 2 diabetes can be prevented and the lifelong 
risk of cardiovascular disease will decrease.10 Therefore, identifying individuals with 
MetS and offering them preventive interventions can prevent the more severe sequelae 
of MetS. A first step in identifying individuals from a general population could be to 
use a simple and short questionnaire, and aggregate the responses into a risk score. 
Further medical examination into the presence of MetS is only needed for persons with 
a high risk score. In this way, it may be possible to achieve a lowered cardiovascular 
risk profile of the population in a cost-effective way. 
 
The aim of the present study is to develop a risk score using easily obtainable 
anamnestic data to detect MetS in young adults from the general population, which can 
be easily applied in settings where many young adults spend their time. 
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METHODS 

Ethics Statement 

The study protocol was approved by the Medical Ethics Committee of the VU 
University Medical Centre Amsterdam, and written informed consent was obtained 
from all participants. 

Design and study population 

This design of this study is cross-sectional and is performed within the Terneuzen Birth 
Cohort, consisting of all 2,604 Caucasian children, born between 1977 and 1986 in the 
city of Terneuzen, the Netherlands. In 2004-2005, 2,022 persons from the original 
cohort could be traced and were invited to participate in a follow-up study. Of the 
participating 762 participants, 642 had a vena puncture, following a fast of at least 12 
hours. This has been described in more detail, previously.4 The analyses presented here 
apply to these 642 cases. Several data were obtained by postal questionnaires on 
baseline characteristics, including age, gender, mother's parity, and about known risk 
factors for overweight and/or cardiometabolic risk. These included smoking behaviour, 
alcohol consumption, physical activity, dietary habits such as the frequency of having 
breakfast, the consumption of snacks and sweetened beverages, sedentary behaviour, 
and height and weight of the young adult and his parents.11-25 No differences between 
the study population and the original cohort were found with regard to mean age, the 
age of the mother at birth, birth weight or parity. However, there were fewer males in 
the present study population compared to the original cohort (41% versus 51%). 

Physical examination and blood tests 

The measurements were performed by two assistants who received standardized 
training at the Municipal Health Services in Terneuzen (GGD Zeeland). Waist 
circumference was measured mid-way between the lower side of the lowest rib and the 
upper side of the pelvis, on bare skin, after a normal expiration, and with muscles 
relaxed. Blood pressure was measured twice (with a 5-minute rest interval) on the left 
upper arm with the Omron 5-1, which is a fully automatic blood pressure monitor. The 
mean values were used as outcomes. Fasting venous blood samples were drawn in the 



Metabolic Risk Score (MRS) to Detect Metabolic Syndrome in Young Adults 

99 

clinical chemistry laboratory of the Community Hospital in Terneuzen, following a fast 
of at least 12 hours. After centrifugation (10 minutes 1500xG), plasma was analysed 
with a routine clinical chemical analyser, Synchron LX20PRO (Beckman Coulter Inc., 
USA). The parameters that were measured were glucose, cholesterol, HDL cholesterol, 
and triglycerides. External quality control was performed.26-28 

Outcome measure 

Metabolic syndrome was defined according to the NCEP ATPIII definition,29 being the 
most widely-accepted definition,30 which is fulfilled if at least 3 of the following 
criteria are met: central obesity (waist circumference >102 cm in men and >88 cm in 
women), high blood pressure (≥130/85 mmHg or documented use of antihypertensive 
therapy), hypertriglyceridemia (≥1.7 mmol/l), low HDL cholesterol (<1.0 mmol/l in 
men, and <1.3 mmol/l in women), high fasting glucose (≥5.6 mmol/l). 

Candidate predictors 

Table 1 displays our list of candidate predictors for MetS. The selection of predictors in 
this list was based on the following criteria. First, the predictors should be known risk 
factors for cardiometabolic-related health problems based on the literature.11-25 Second, 
the predictors should be easy to obtain by simple questions, do not appeal to the 
memory of the young adult (to avoid recall bias) or knowledge about family history of 
diabetes or cardiovascular diseases, do not require any new measurements or self-
measurements, and are not a strong predictor of any of the other candidate predictors. 
Based on these criteria the following variables were initially included: age,4 mother’s 
age at delivery,25 participant’s BMI,4 mother’s BMI,14 father’s BMI,14 parity,25 eating 
breakfast,16,21 drinking sweet beverages,11 the consumption of snacks,18,22 watching 
television24 and participation in physical sports.15,17,21 For two possible predictors of 
overweight and/or cardiometabolic risk, i.e. sedentary behaviour and physical activity, 
we decided to choose a proxy of these variables. We decided to include ‘television 
watching’ as candidate predictor, which is one aspect of sedentary behaviour, because 
information about this variable can be obtained by a simple question. The cut-off at 3 
hours of television watching is related to much higher prevalences of overweight in 
young adults.24 The variable ‘physical activity’ was simplified by the variable ‘physical 
sports participation’. Also about this variable information can be required by one 
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simple question. We choose the cut-off value at sporting twice a week, because of the 
described dose-response relationship between exercise training and blood lipid 
changes.5 Although alcohol is also a known cardiometabolic risk factor, we decided not 
to include this variable as a candidate predictor. Alcohol consumption seems hard to 
quantify on the basis of one simple question, as the consumption of alcohol varies over 
time and its severity should not only be based on the mean consumption per time 
interval but also on the frequency and severity of binge drinking.31 The risk factor 
socioeconomic background was not included because the relationship with metabolic 
syndrome is probably mediated by other, more easily obtainable risk factors, such as 
BMI and smoking behaviour.32 
 
Waist circumference, an important cardiometabolic risk factor,4 was not included as 
candidate predictor because this would require the self-measurement of waist 
circumference. Height and weight, and consequently BMI, was also obtained by 
measurements from the physical examination. Because our goal was to develop a risk 
score for the general population based on a simple questionnaire, we initially used BMI 
as determined by self-report. In addition we have studied the performance of the risk 
score where we replaced self-reported BMI by measured BMI.  

Statistical analyses 

Missing data 
Most predictors were complete, but some had missing data (up to 31%). We used 
imputation to fill in variables with missing values by introducing information relating 
to other complete variables using the Multiple Imputation by Chained Equation 
procedure.33 By this method we generated 10 multiply-imputed data sets. 

Model building 
We applied univariable logistic regression analysis to estimate the effect of each 
candidate predictor on the probability of having MetS. We introduced interaction terms 
with gender in the univariable models, but as no such terms had a significant effect, we 
did not include these interactions in the model. We examined potential nonlinear 
behaviour of continuous factors with metabolic syndrome by using restricted cubic 
spline functions and spline plots. Multivariable logistic regression with backward 



Metabolic Risk Score (MRS) to Detect Metabolic Syndrome in Young Adults 

101 

elimination determined the final model. The variable selection was done by taking into 
account the multiply-imputed datasets.34 All variables with a p-value <0.15 were 
retained in the final model, as a too strict p-value negatively affects the performance of 
the model.36 Regression coefficients and standard errors were converted to odds ratios 
(OR) and their 95% confidence intervals. 

Performance of the risk model 
We studied the performance of the risk model in terms of discrimination, explained 
variance and calibration. Discrimination expresses how well the prognostic model is 
able to distinguish between young adults with and without metabolic syndrome, and 
was calculated as the area under the Receiver Operating Characteristic (ROC) curve.36 
The explained variance, calculated as Nagelkerke’s R2 gives an indication of how 
much of the variance in the outcome can be explained by the predictors.37 We 
calculated the slope between the predicted and observed probabilities. This calibration 
slope was used as a shrinkage factor for the regression coefficients in order to account 
for model optimism in prognostic modelling.36 We estimated optimism in regression 
coefficients and performance by bootstrapping.36 This involved calculating the AUC, 
the explained variation and the slope on each imputed data set, and then averaged over 
the 10 imputed data sets. 

Derivation of the clinical risk estimation rule 
We derived a risk model for MetS in young adults by multiplying the regression 
estimates by the shrinkage factor. These new coefficients were transformed in easy-to-
use risk scores by dividing all regression coefficients by the coefficient related to BMI, 
so that the BMI coefficient is equal to 1. We evaluated the performance of the resulting 
risk score in terms of sensitivity, specificity, positive predictive value (PPV) and 
negative predictive values (NPV). 

Software 
Analyses were carried out in SPSS 15.0 and R 2.11.1 software.37 We used modified 
versions of the MICE and Design libraries.34,39 
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RESULTS 

Characteristics of the population 

Table 1 describes characteristics of the candidate predictors. The mean age of this 
population is 23.1 years (SD 2.3). The prevalence of MetS is 7.5%. Data were missing 
for several variables, i.e. the mother's BMI, the father's BMI, the frequency of eating 
breakfast, consumption of snacks, drinking sweetened beverages and watching 
television (respectively 16, 22, 6, 5, 6 and 31%). 

Univariable analysis 

The results of the univariable logistic regression analyses are given in Table 2. The age 
of the young adult, the BMI of the young adult as well as of the mother and the father, 
parity, frequency of eating breakfast, and cigarette smoking are significantly related to 
the presence of MetS at young adulthood (p<0.05). 

Development of the risk estimation rule 

Backward selection with a p-value <0.15 retained the following predictors: the young 
adult's BMI, frequency of eating breakfast, smoking behaviour, participation in 
physical sports and being firstborn. The regression coefficient and odds ratios (95% CI) 
of the final model are given in Table 3. The risk scores, which were assigned in 
accordance with the shrunken and rescaled regression coefficients, are presented in the 
last column. The MetS risk score (MRS) of 18-28 year olds is defined as the sum of the 
risk scores, as outlined in Table 4. The BMI is the basis of the value of the MRS. For 
example, for a person with a BMI of 25, the MRS can vary between 23 and 29, 
depending on the other scores. 

Performance of the risk estimation rule 

The apparent AUC of the risk estimation rule is 0.90 and the explained variation 43%. 
After internal validation by bootstrapping, the AUC and explained variation remain 
high with values of 0.89 and 40% respectively. We determined optimism in the 
regression coefficients by estimating the slope index, i.e. the shrinkage factor, i.e. 0.94. 
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Table 1. Description of the independent variables and the outcome variable, continuous or categorical, entered into the 
initial logistic regression model as candidate predictors, n, medium (SD) or frequency (%) 

independent variables   
 

 

continuous variables N % missings mean (SD) 
age (in years) 642 0 23.11 (2.92) 
age of the mother at delivery (in years) 642 0 26.99 (4.21) 
BMI of the participant (based on height and weight reported by questionnaire) 642 0 23.37 (3.73) 
BMI of the mother (based on height and weight reported by questionnaire) 542 16 25.39 (4.23) 
BMI of the father (based on height and weight reported by questionnaire) 506 22 26.19 (3.03) 

categorical variables  % missings frequency (%) 
gender (% males) 642 0 41.3 
parity (% first-born) 642 0 60.3 
breakfast (% not daily) 604 6 37.4 
consumption of snacks (% at least twice a week) 608 5 24.2 
physical sports participation (% less than twice a week) 642 0 52.6 
consumption of sugar-sweetened beverages and/or fruit juice (% every day) 605 27 32.4 
television watching (% at least 3 hours / day) 472 6 84.7 
smoking behaviour (% at least one cigarette/week) 604 6 26.5 
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Table 2. The odds-ratio's (95% CI) of independent variables for metabolic syndrome according  to NCEP ATPIII29 in a 
univariable logistic regression analysis. 

continous 
independent variables 

Unit Odds ratio for 
continuous variables 

per unit increase 

95% CI 

age participant Years 1.13 1.02-1.25 
age of mother at birth Years 1.02 0.95-1.10 
BMI young adult kg/m2 1.51 1.37 -1.66 
BMI mother kg/m2 1.13 1.06-1.20 
BMI father kg/m2 1.19 1.07-1.32 

Digitomous independent variables categories (1 vs 2) Odds ratio for 
second versus first 

category 

95% CI 

Gender  1 males 
2 females 

1.31 0.71-2.41 

Firstborn 1 yes 
2 no 

2.08 1.06-4.07 

Breakfast consumption 1 not daily 
2 daily 

0.46 
 

0.24-0.89 

Snacks consumption 1 less than twice a week 
2 at least twice a week 

0.72 0.33-1.60 

Cigarette smoking 1 less than one cigarette/week 
2 at least 1 cigarette / week 

2.59 1.36 - 4.92 

Physical sports 1 less than twice a week 
2 at least twice a week 

0.59 0.318-1.083 

Sugar-sweetened beverages and fruit juice 1 not every day 
2 every day 

1.18 0.616-2.246 

Television watching 1 less than 3 hours a day 
2 at least 3 hours a day 

6.05 0.812 - 45.10 
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Table 3. Multivariable logistic regression model of the presence of metabolic syndrome 
according to the NCEP ATPIII definition and assigned risk scores 

Independent variable Regression 
coefficients (SE) 

OR 95% CI Risk 
scores** 

BMI 0.45 (1.5) 1.57 1.41-1.74 1 
having breakfast -0.66 (0.06) 0.52 0.24-1.10 -1 
smoking behaviour 0.79 (0.39) 2.20 1.02-4.75 2 
sports activity -0.67 (0.39) 0.51 0.24-1.10 -1 
parity 0.79 (0.42) 2.21 0.98-5.00 2 
     
 Ap+ Bc+   
Slope 1.00 0.94   
AUC 0.90 0.89   
R-squared (%) 0.43 0.40   

* Each coefficient is multiplied with the shrinkage factor of 0.90 and subsequently the new intercept 
of -13.12 was determined for the shrunken model. The linear predictor of this model is:  -13.12 + 0.42 
* BMI - 0.62*breakfast  + 0.74*smoking – 0.62 * sports + 0.74 *parity. ** Risk scores were 
determined by dividing each coefficient of the model after shrinkage through the lowest one and 
rounding to the nearest integer. Ap = apparent and Bc is bootstrap corrected performance. 
 
 
This means that the risk model is only slightly optimistic. By replacing the self-
reported BMI by measured BMI, the apparent AUC was 0.91 and the explained 
variation was 45%. After correction for optimism, the AUC and the explained variation 
were 0.90 and 42% respectively. Thus using measured BMI is better than self-reported 
BMI, but the difference in the performance of the risk models is very small. We also 
determined the performance of the MRS after we transformed the regression 
coefficients in easy-to-use risk scores. The performance of the MRS is equal to the 
performance of the model after backward logistic regression, with an AUC of 0.91 and 
an explained variation of 43%. Young adults with a MRS value above the chosen cut-
off point have a high risk of metabolic syndrome. Table 5 shows the sensitivity, 
specificity, PPV and NPV at various cut-off points. For example at a cut-off of 25, the 
sensitivity is 0.88, whereas the specificity is 0.73, the PPV is 0.21 and the NPV is 0.99. 
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Table 4. The calculation of the Metabolic Risk Score (MRS) 

 
Questions and answer possibilities 

 

 
Calculation of the MRS 

What is your height? ………. cm 
What is your weight? ………. kg 

 
calculate Weight / (Height)2  = 

 
BMI 

 
How many days a week do you have breakfast? 

 
………. days a week 

if less than 7 days a week 
if every day 

0 
-1 

How many cigarettes do you smoke in a week?  0  
 less than 1 cigarette a week 
 1 cigarette a week 
 more than 1 cigarette a week 

 
if less than 1 cigarette a week 
if at least 1 cigarette a week 

 
0 
2 

 
How often do you have sports every week? 

 
……….. times/ week 

if less than twice a week 
if at least twice a week 

0 
-1 

Were you the oldest child of your mother?  yes 
 no 

if yes 
if no 

0 
2 

  
Metabolic Risk Score (MRS) =

sum of the BMI and  
the other scores 
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Table 5. The sensitivity, specificity, positive predictive value (PPV), negative predicted value (NPV) of the MRS at different cut-off 
points, and the related percentage of the young adults to whom medical evaluation would have been offered while they do 
not have MetS. 

Cut-off point Number of 
cases with 

MetS 

sensitivity 
 

specificity PPV NPV Subjects without MetS, to whom further 
medical evaluation is offered as percentage of 

the young adult population (%) 
17 48 1.00 0.00 0.08 1.00 93 
19 48 1.00 0.05 0.08 1.00 88 
21 48 1.00 0.22 0.09 1.00 72 
23 47 0.98 0.47 0.13 1.00 49 
25 42 0.88 0.73 0.21 0.99 25 
27 37 0.77 0.87 0.32 0.98 12 
29 30 0.63 0.95 0.49 0.97 5 
31 18 0.38 0.98 0.56 0.95 2 
33 12 0.25 0.99 0.71 0.94 1 
35 8 0.17 0.99 0.89 0.94 1 
37 5 0.10 1.00 1.00 0.93 0 
39 3 0.06 1.00 1.00 0.93 0 
41 2 0.04 1.00 1.00 0.93 0 
43 1 0.02 1.00 1.00 0.93 0 
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DISCUSSION 

The MRS is an easy-to-use score to detect MetS in a population of young adults. The 
discriminatory performance is high. At a cut-off of 25, its sensitivity is 0.88, the 
specificity 0.73, the PPV 0.21 and the NPV is 0.99. A particular feature of the scale is 
that the MRS provides a refinement of risk assessment on top of BMI. This makes it 
easy to connect the MRS to clinical practice. The individual's MRS can vary between 
BMI minus 2 and BMI plus 4, so the upward detecting potential is large, equal to ‘4 
BMI points’. In practice, the score could be used with either self-reported BMI or 
measured BMI. 
 
It is somewhat remarkable that including age did not improve the risk estimation. It 
might be the case that the age range of 18-28 years in our study is too narrow to bring 
out the age effect. Gender also had no impact on the performance, which might be due 
to the sex-specific cut-offs of two of the five components of metabolic syndrome 
according to the NCEP ATPIII definition, i.e. waist circumference and HDL 
cholesterol.29 
 
For research purposes the MRS could be used as a continuous score of MetS risk. In 
practice, one may want to choose one or more cut-off points, corresponding to different 
actions. In choosing a cut-off for a risk estimation instrument, a good balance should 
be struck between the sensitivity, specificity, PPV, NPV and the implications of the 
test results for individuals and society. A person with a MRS above the cut-off could 
be invited for further medical evaluation with the aim of excluding or diagnosing 
MetS. We propose using 25 as the cut-off of the MRS, with a percentage of false 
positives and false negatives of respectively 27% and 12%. In Table 5 it is shown that 
at the cut-off MRS=25 the young adults without MetS to whom further medical 
evaluation would be offered represent 25% of the total population. This implies that 
most young adults will not be invited for further diagnostic assessment. In populations 
with a higher prevalence of MetS, the percentage of the total population that will 
wrongly be offered further diagnostics will even be lower. At the cut-off MRS=25 in 1 
out of the 5 persons who were invited for further diagnostics, MetS is assessed. This 
seems reasonable for the use of the risk score as a first detection instrument in the 
general population of young adults. Of course, the final decision on the cut-off should 
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depend on the perceived burden of the diagnostic tests by individuals, and on the costs 
and benefits of different possible interventions. 
 
The MRS might turn out to be useful within a stepwise diagnostic process, as described 
in a previous study.4 After being detected as a person at high cardiometabolic risk by 
the MRS, a few additional measurements (e.g. waist circumference, blood pressure) 
could be performed before deciding on the necessity for blood tests. Such an approach 
minimizes the diagnostic burden since taking blood is only needed for those who also 
have high values on the additional measures. 
 
To date, no risk estimation instrument which is based solely on information from 
questionnaires is available to assess the risk of MetS. A risk estimation instrument for 
older populations is the Diabetes Risk Score (DRS), which has been developed to 
detect 35- to 64-years olds with increased risk of the onset - within 10 years - of type 2 
diabetes. The ultimate goal of the DRS is to prevent the transition from normoglycemia 
to impaired glucose tolerance and to overt diabetes.40 The DRS is also based on a 
history of blood pressure medication and/or high blood glucose, which both occur only 
rarely at younger ages. Thus, the DRS may not perform as well in younger age groups. 
Additional work is needed to bridge the gap between ages 28 and 35 years.  
 
An advantage of the MRS is the small risk of recall bias because none of the items calls 
upon the memory of the young adult and/or his family. In the Netherlands a 
population-based screening for MetS in 20-70 years olds by self-measurement of waist 
circumference appeared to be feasible.41 In favour of this method is that only 
information on one parameter measurement is needed from the subjects. However, in 
this study, a relatively low percentage of MetS was detected in young adults (<1%). 
This could mean that for adults who are younger than 30 years of age, the self-
measurement of waist circumference by itself does not comply as a screening 
instrument. As we have no data on the self-measurement of waist circumference, its 
additional value to the performance of the MRS should be determined in future 
research. 
 
Except from self-measured waist circumference, we have not included all other 
possible metabolic risk factors as candidate predictors, i.e. a family history of diabetes 
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or cardiovascular disease,31,42 alcohol consumption, or socioeconomic status. Although 
the performance of the risk model is already high, adding these variables might 
potentially improve the performance. However questions about family history of 
diabetes or cardiovascular disease might lead to too many missing answers and/or 
misjudgements by the young adults. Alcohol consumption seems hard to quantify on 
the basis of one simple question, as its severity should not only be based on the mean 
consumption per time interval but also on the frequency and severity of binge 
drinking.32 Socioeconomic status may already have been mediated through other 
predictors included in the model.43 Extending the instrument with more variables might 
improve diagnostic accuracy, but also at the expense of a more complicated model. We 
think that the MRS strikes a good balance between accuracy and simplicity. 
 
One of the strengths of our study is that the risk model is based on the data from a 
general population, which are – except for gender – representative of the original birth 
cohort. Because gender is not an effect modifier, this probably has not influenced the 
results of the analyses. However, the MRS should be externally validated in other 
cohorts before it can be implemented. Because our study population consisted of 
Caucasians, validation and possibly adaptation in other ethnic groups is warranted 
before it can be implemented on a larger scale. Also we recommend the investigation 
of the possible surplus value of adaptation of the MRS by combining the MRS with the 
self-measurement of waist circumference. 
 
By detecting young adults with metabolic syndrome, lifestyle interventions or – if 
necessary – medical treatment can be offered with the aim to prevent overt type 2 
diabetes and cardiovascular diseases. If maintained in the long term, lifestyle 
modification based on behavior therapy is the most important and effective strategy to 
manage the metabolic syndrome.44 Long-term effects for more than 4 years have been 
shown of diet and exercise prescription to adults with impaired glucose tolerance in the 
prevention of type 2 diabetes.45,46 Also evidence exists for beneficial lipid changes due 
to chronic physical activity for especially HDL cholesterol and triglycerides, and for 
blood pressure reduction.47,48 
 
Because the MRS is based on only six simple questions it seems easily applicable 
within settings where young people often spend their time together, such as at work, 
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school, and sport (events). In this way we can offer young adults, who are often 
difficult to reach, a short check-up. The MRS might contribute to a cost-effective and 
practical way of identifying young adults at increased risk of later type 2 diabetes and 
cardiovascular disease.  
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