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Methods

Study population

The Rotterdam Study is a prospective population-based cohort study ongoing since 1990. The original cohort comprised of 7,983 inhabitants living in a well-defined suburb in the city of Rotterdam, the Netherlands. Using municipality data, all 10,215 inhabitants aged 55 years or over of the Ommoord district were invited to participate (overall participation rate 78%; age 55-59 participation rate 83%; age ≥90 participation rate 71%).
We used response data from the third examination of the cohort (conducted between 1997-1999, mean 6.3 years after enrollment) that included both a home interview and a subsequent extensive clinical examination at the research center. For the present analysis we excluded permanent nursing home residents (n = 105), persons who moved out of the Rotterdam area (n = 34), those without follow-up regarding vital status (n = 17), persons who did not provide or withdrew informed consent for follow-up data collection (n = 35), and those not invited for undefined reasons (n = 29). This left a total of 5,423 persons available for analyses. 
We classified these persons on the basis of their response as participating in both the home interview and extensive clinical examination at the research center, participating in the home interview only, or non-participating. Formal invitations for the third examination were sent by mail and participants were subsequently contacted by trained interviewers through telephone during the following week. During the call, an appointment for home interviewing was made if the invitee agreed to participate or reasons for declining the invitation were asked. At the end of the home interview, appointments for the clinical examination at the research center were made. Repeated attempts were undertaken if invitees could not be reached. Ultimately, in rare instances where the invitees could not at all be reached by the interviewers a letter was sent with a request to contact the study center to make an appointment.

The Rotterdam Study complies with the declaration of Helsinki and was approved by the Medical Ethics Committee of the Erasmus MC, Rotterdam, the Netherlands. All Rotterdam Study participants in the present analysis provided written informed consent to participate in the study at study enrolment and at each repeat examination, and for follow-up data collection, separately.

Assessment of coronary heart disease risk 

The nature of non-participation in population research makes it inherently difficult to investigate. Therefore, we examined non-participation during a follow-up visit rather than at study enrollment. This ensured that we had data on cardiovascular risk factors for all persons, including the non-participants of the third examination. For each person, we estimated the predicted absolute 10-year coronary heart disease risk at enrollment (1990-1993) based on traditional cardiovascular risk factors under the NCEP ATP III guidelines.4
 Coronary risk was expressed in percentage-points (range 1-30%) of the Framingham point score as originally published and in the recommended clinical risk categories (<10% 'low-risk', 10-20% 'intermediate-risk', and >20% 'high-risk').4
 The cardiovascular risk factors were measured in a standardized fashion at study enrollment as described in detail previously.5
 
Assessment of outcome


In order to minimize the possibility of asymmetrical follow-up data collection between those who participated and those who did not participate in the third examination, we focused on all-cause mortality as the outcome of interest. With respect to the vital status of all persons enrolled in the Rotterdam Study, information is obtained on a weekly basis from the central registry of the municipality of the city of Rotterdam, through direct digital linkage of the study database with the electronic medical records of the general practitioners working in the study area, and through active follow-up as described in more detail elsewhere.
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 Follow-up data collection was done irrespective of participation during follow-up examinations.

Statistical analysis

All analyses were performed for two different comparisons. First, nonparticipation in the home interview was compared to participation in the home interview (reference category). Second, nonparticipation in the center visit was compared to participation in the center visit (reference category). 
We studied the association between predicted coronary risk and participation during the third examination by logistic regression models adjusted for age at the date of invitation, sex, and level of education. P-value for trend was obtained by entering coronary risk categories into the logistic models as a continuous variable. Since it is the difference in coronary risk distributions between the study participants and the entire underlying population that is of interest,7
 we compared distributions of predicted coronary risks between all invitees and subgroups of participants using χ2 test for categorical data. 
Hazard ratios (HRs) adjusted for age at start of follow-up, sex, and level of education (in 7 categories) were computed using Cox proportional hazards models. In order to assess changes of the hazards over time since the start of follow-up the proportional hazards assumption was tested, by entering interaction-terms of log-transformed follow-up time with participation status, and violated (P<0.001). Therefore, the HRs over the 10-year follow-up are to be interpreted as a weighted average over this period.8

 Start of follow-up was defined as follows: participants in the center visit were followed from the date of examination at the research center onwards; participants in the interview only were followed from the date of home interview onwards; and the non-participants were followed from the date of declining the invitation onwards. 
Missings in cardiovascular risk factors (0.2-5.7%) were handled by single imputation using an expectation-maximization algorithm.9
 All estimates of relative risk are presented with 95% confidence intervals (CIs). Exact 95%CIs using a Poisson distribution were calculated for the absolute mortality rates.  Data were analyzed using the IBM SPSS Statistics version 20.0.0.1 (IBM Corp., Somers, NY, USA) and R version 2.15.1.10


Methodological considerations
Follow-up examinations of many cohort studies extend over decades to accrue repeated measurements on changes in risk factors or to introduce state-of-the-art diagnostics as the study progresses. These follow-up examinations often serve as new baselines for analysis. The healthy volunteer effect may be different during follow-up compared to study enrollment. All persons enrolled have demonstrated a positive attitude towards population-based research and subsequent drop-outs might be more likely for reasons of health or disease, rather than lack of interest. Conversely, highly committed persons might be less likely to decline an invitation, even if they face problems with their health.
Second, we would have preferred to have measurements on cardiovascular risk factors at the time of invitation. Using measurements obtained at enrollment (mean 6.3 years prior to the invitation for the third examination) will most likely result in an underestimation of the association between predicted coronary risk and non-participation. Alternatively, we could have used data from the local general practice registries where no active participation is required. However, the data stored in such databases were collected for clinical purposes rather than research purposes.  and therefore incompleteness and lack of standardization of measurements would be bring forward other important limitations.

Next, we would have preferred to focus on cardiovascular endpoints, but we explicitly chose to study the effects associated with non-participation on all-cause mortality. This decision was driven by the exploration of the available data on cause-specific mortality showing that a cause of death could not be adjudicated in 59 (3.4%) persons who died after the home interview and 32 (7.4%) persons who died after declining the home interview (P<0.001). Follow-up on vital status on the other hand was virtually complete (n=17 lost to follow-up at 10-years, predominantly due to emigration; 99.7% complete for participants versus 99.6% for non-participants, P=0.61). Patterns and point estimates were, however, almost identical for all-cause and cardiovascular mortality (data not shown).

Last, the participation rates, as observed in our elderly study population (mean age at invitation 73.5 years; eTable 1), may mitigate the underestimation of the mortality rates and the distributions of predicted cardiovascular risk in the underlying population. In order to attain such participation figures, we visit invitees for extensive home interviews and have built a dedicated research center in the Ommoord district prior to the start of the Rotterdam Study. As a consequence, our results may not be generalizable to studies with much lower participation rates.
 ADDIN EN.CITE 
11,12

References

1.
Hofman A, Boerlage PA, Bots ML, et al. De prevalentie van chronische ziekten bij ouderen; het ERGO-onderzoek [Prevalence of chronic diseases in the elderly; the ERGO study (Erasmus Rotterdam Health and the Elderly)]. Ned Tijdschr Geneeskd 1995;139(39):1975-8.

2.
Hofman A, Grobbee DE, de Jong PTVM, van den Ouweland FA. Determinants of disease and disability in the elderly: the Rotterdam Elderly Study. Eur J Epidemiol 1991;7(4):403-22.

3.
Hofman A, Darwish Murad S, van Duijn CM, et al. The Rotterdam Study: 2014 objectives and design update. Eur J Epidemiol 2013;28(11):889-926.

4.
Executive summary of the third report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA 2001;285(19):2486-97.

5.
Koller MT, Leening MJG, Wolbers M, et al. Development and validation of a coronary risk prediction model for older U.S. and European persons in the Cardiovascular Health Study and the Rotterdam Study. Ann Intern Med 2012;157(6):389-97.

6.
Leening MJG, Kavousi M, Heeringa J, et al. Methods of data collection and definitions of cardiac outcomes in the Rotterdam Study. Eur J Epidemiol 2012;27(3):173-85.

7.
Shahar E, Folsom AR, Jackson R, for the Atherosclerosis Risk in Communities (ARIC) Study investigators. The effect of nonresponse on prevalence estimates for a referent population: insights from a population-based cohort study. Ann Epidemiol 1996;6(6):498-506.

8.
Hernán MA. The hazards of hazard ratios [commentary]. Epidemiology 2010;21(1):13-5.

9.
Dempster AP, Laird NM, Rubin DB. Maximum likelihood from incomplete data via the EM Algorithm. J R Stat Soc B 1977;39(1):1-38.

10.
R Core Team. R: A language and environment for statitical computing. Vienna, Austria: R Foundation for Statistical Computing, 2013.

11.
Jöckel KH, Stang A. Cohort studies with low baseline response may not be generalisable to populations with different exposure distributions. Eur J Epidemiol 2013;28(3):223-7.

12.
Swanson JM. The UK Biobank and selection bias [letter]. Lancet 2012;380(9837):110.




eTable 1
Characteristics of the study population, stratified by participation status

	 
	 
	 
	Home interview
	 
	Center visit

	
	All invitees
	
	Participants
	Non-participants
	P-value a
	
	Participants
	Non-participants
	P-value a

	
	(n = 5,423)
	
	(n = 4,692)
	(n = 731)
	 
	
	(n = 4,126)
	(n = 1,297)
	 

	Demographics
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Age at invitation for the third examination, years
	73.5 (7.8)
	 
	72.9 (7.5)
	77.2 (8.5)
	<0.001
	 
	72.3 (7.1)
	77.4 (8.4)
	<0.001

	
	Men
	
	2,141 (39.5)
	
	1,897 (40.4)
	244 (33.4)
	   0.040
	
	1,728 (41.9)
	413 (31.8)
	<0.001

	
	Education
	primary
	1,826 (34.2)
	 
	1,492 (32.3)
	334 (46.5)
	<0.001
	 
	1,234 (30.4)
	592 (46.5)
	<0.001

	
	lower/intermediate general and lower vocational
	1,514 (28.4)
	
	1,319 (28.6)
	195 (27.2)
	
	
	1,182 (29.1)
	332 (26.1)
	

	
	higher general and intermediate vocational
	1,495 (28.0)
	 
	1,352 (29.3)
	143 (19.9)
	 
	 
	1,230 (30.3)
	265 (20.8)
	 

	
	higher vocational and university
	499 (9.4)
	
	453 (9.8)
	46 (6.4)
	
	
	416 (10.2)
	83 (6.5)
	

	
	
	
	
	
	
	
	

	NCEP ATP III 4

 risk factors b
	
	
	
	
	
	
	
	
	

	
	Age, years
	 
	67.2 (7.7)
	 
	66.6 (7.4)
	70.8 (8.4)
	<0.001
	 
	66.0 (7.1)
	71.0 (8.3)
	<0.001

	
	Systolic blood pressure, mmHg
	138 (21)
	
	137 (21)
	144 (23)
	<0.001
	
	136 (21)
	143 (22)
	<0.001

	
	Use of antihypertensive medication
	1,177 (21.7)
	 
	979 (20.9)
	198 (27.1)
	   0.020
	 
	836 (20.3)
	341 (26.3)
	   0.021

	
	Current smoking
	1,197 (22.1)
	
	1,019 (22.1)
	178 (24.8)
	<0.001
	
	883 (21.7)
	314 (24.7)
	<0.001

	
	Total cholesterol, mmol/L
	6.7 (1.2)
	 
	6.7 (1.2)
	6.7 (1.3)
	   0.22
	 
	6.7 (1.2)
	6.7 (1.2)
	   0.29

	 
	HDL-cholesterol, mmol/L
	1.4 (0.4)
	 
	1.4 (0.4)
	1.4 (0.4)
	   0.46
	 
	1.4 (0.4)
	1.4 (0.4)
	   0.76


Values are counts (percentages) or means (standard deviation); unimputed data. HDL = high-density lipoprotein.
a Adjusted for age and sex.
b Measured at enrollment in the Rotterdam Study (1990-1993).

eTable 2
Participation during follow-up in the Rotterdam Study, by levels of predicted 10-year coronary heart disease risk
	
	Participation in home interview
	Participation in center visit

	 
	OR (95% CI) a
	OR (95% CI) a

	Per percentage-point increase in FPS
	0.974 (0.961 to 0.987)
	0.970 (0.959 to 0.980)

	

	NCEP ATP III 4

 risk categories

	
	Low-risk (<10%)
	1.00 (reference)
	1.00 (reference)

	
	Intermediate-risk (10-20%)
	0.72 (0.58 to 0.90)
	0.68 (0.57 to 0.82)

	
	High-risk (>20%)
	0.59 (0.45 to 0.77)
	0.56 (0.45 to 0.71)

	 
	P-value for trend
	<0.001
	<0.001


Predicted 10-year coronary heart disease risks were derived from the FPS and categorization of risk was based on the NCEP ATP III guidelines.4

 
95%CI = 95% confidence interval; FPS = Framingham point score; OR = odds ratio.

a Adjusted for age at invitation for the third examination, sex, and level of education.

eTable 3
Distributions of predicted 10-year coronary heart disease risk, by degrees of participation during follow-up in the Rotterdam Study

	
	All invitees
	Participants in home interview
	Participants in center visit

	 
	(n = 5,423)
	(n = 4,692)
	(n = 4,126)

	NCEP ATP III 4

 risk categories

	
	Low-risk (<10%)
	2,318 (42.7)
	2,070 (44.1)
	1,867 (45.2)

	
	Intermediate-risk (10-20%)
	1,783 (32.9)
	1,514 (32.3)
	1,302 (31.6)

	
	High-risk (>20%)
	1,322 (24.4)
	1,108 (23.6)
	   957 (23.2)

	

	 
	P-value a
	reference
	<0.001
	<0.001


Values are counts (percentages). Predicted 10-year coronary heart disease risks were derived from the Framingham point score and categorization of risk was based on the NCEP ATP III guidelines.4

 

a P-value for comparison in distributions of risk over clinical risk categories between all invitees (reference) and participants in home interview or visit to the research center.
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