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Abstract

Background—Caollecting physical measurements in population-based health surveys has
increased in recent years, yet little is known about the characteristics of those who consent to these
measurements.

Objective—To examine the characteristics of persons who consent to physical measurements
across several domains, including one’s demographic background, health status, resistance
behavior toward the survey interview, and interviewer characteristics.

Research Design, Subjects, and Measures—We conducted a secondary data analysis of
the 2006 Health and Retirement Study, a nationally-representative panel survey of older adults
aged 50 and older. We performed multilevel logistic regressions on a sample of 7,457 respondents
who were eligible for physical measurements. The primary outcome measure was consent to all
physical measurements.

Results—Seventy-nine percent (unweighted) of eligible respondents consented to all physical
measurements. In weighted multilevel logistic regressions controlling for respondent
demographics, current health status, survey resistance indicators, and interviewer characteristics,
the propensity to consent was significantly greater among Hispanic respondents matched with
bilingual Hispanic interviewers, diabetics, and those who visited a doctor in the past 2 years. The
propensity to consent was significantly lower among younger respondents, those who have several
Nagi functional limitations and infrequently participate in “mildly vigorous” activities, and those
interviewed by black interviewers. Survey resistance indicators, such as number of contact
attempts and interviewer observations of resistant behavior in prior wave iterations of the HRS
were also negatively associated with physical measurement consent. The propensity to consent
was unrelated to prior medical diagnoses, including high blood pressure, cancer (excl. skin), lung
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disease, heart abnormalities, stroke, and arthritis, and matching of interviewer and respondent on
race and gender.

Conclusions—Physical measurement consent is not strongly associated with one’s health status,
though the findings are somewhat mixed. We recommend that physical measurement results be
adjusted for characteristics associated with the likelihood of consent, particularly functional
limitations, to reduce potential bias. Otherwise, health researchers should exercise caution when
generalizing physical measurement results to persons suffering from functional limitations that
may affect their participation.

Keywords

physical measurements; biomeasures; consent; field interviewers

INTRODUCTION

Collecting physical measurements in population-based health surveys has increased
substantially in recent years.1:2 Understanding the interrelationships between physical,
biological, and social factors on health outcomes has been a key driving force behind this
trend, leading to important discoveries in such areas as physical functioning,345:6.7
depression and stress,8:910 and cognitive aging.11:12:13.14.15 st;dying these complex
interactions has become a priority among western societies experiencing large demographic
shifts towards older, more vulnerable, populations.16:17.18.19

Until recently, the main source of objective population-based physical measurement data
came from large biomedical studies. For example, the National Health and Nutrition
Examination Survey (NHANES) collects physical measurements on a nationally-
representative sample of the U.S. population.2® These measurements are collected by
certified medical professionals inside mobile examination centers. The exceedingly high
cost of hiring trained medical personnel and maintaining examination space and equipment
can be a deterrent for smaller survey programs that are interested in collecting their own set
of physical measurements at a lower cost.

The desire to cut costs has spawned several innovations in how physical measurements are
collected in surveys. One emerging strategy is to use non-medically trained field
interviewers to collect physical measurements inside respondents’ homes.21:22:23 This
approach eliminates the need to hire medical professionals and acquire, or maintain separate
clinic space. In addition, technological advances in measurement equipment have led to
cheaper, more portable devices used by travelling interviewers.24 25

Obtaining consent from survey respondents to collect physical measurements is a critical
element of the survey interview, which can directly affect the representativeness of the
measurements being collected. Systematic non-consent to physical measurements can lead
to bias if survey respondents who consent differ from those who don’t with respect to the
physical characteristics being measured.26: 27 Perhaps the biggest threat to the
representativeness of physical measurement estimates is when the decision to consent is
based on the respondent’s health status. For example, an older person with chronic arthritis
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may be cooperative to the survey request, but unwilling to consent to physical measurements
that require joint movements due to their disability, or belief that their performance would
be poor. Other possible reasons for non-consent may include those that are common to
survey resistance in general (e.g., burden, confidentiality concerns, etc.).

Although some reasons for non-consent may not be directly correlated with a person’s
health status, the risk remains that certain population subgroups are disproportionately less
likely to consent to physical measurements. For example, clinic-based studies have shown
that African- Americans, a group historically subjected to inappropriate medical
experimentation, participate in biological measurement collection at much lower rates than
other population subgroups.28: 29

The existing research literature has not yet identified characteristics or mechanisms of
physical measurement consent in population-based surveys. Specifically, it remains unclear
whether the consent decision is associated with a person’s health status and/or other factors
that tend to promote resistance (or nonresponse) in survey interviews. A further gap in the
literature concerns the effect of interviewer characteristics on the likelihood of obtaining
physical measurement consent. In this paper, we address these issues using the 2006 Health
and Retirement Study (HRS), a nationally-representative panel survey of older adults.
Specifically, we examine the relationship between physical measurement consent and health
status, indicators of resistance towards the survey interview, and interviewer characteristics.

METHODS

Sample and Data Source

The HRS is a federally funded longitudinal health survey of adults over the age of 50
conducted by the Institute for Social Research at the University of Michigan. The study
began in 1992 with a cohort of then pre-retirement aged individuals born between 1931 and
1941. New cohorts were added in 1993 and 1998 to round out the sample over age 50, and
additional cohorts are enrolled every 6 years (e.g., in 2004, 2010) to refresh the sample at
the younger ages. Response rates range from 70 to 82 percent in the baseline wave
(depending on birth cohort and entry year), and from 87 to 89 percent at each follow-up
wave. HRS conducts about 20,000 interviews every two years. In 2006, HRS began
collecting several physical measurements, including biological specimens: saliva (for which
DNA was extracted and stored) and dry blood spots (analyzed for Hemoglobin Alc, total
cholesterol and HDL cholesterol); and non-biological (or body) measurements: blood
pressure, lung strength (peak flow), hand grip strength, balance test (semi-tandem, side-by-
side, full tandem), walking test (8 ft.), height, weight, and waist circumference. A random
half of the HRS sample was eligible for physical measurements in 2006, with the remaining
half eligible in 2008. Only non-institutionalized respondents who had participated in a prior
wave of the HRS and an in-person self-interview during the current wave (as opposed to a
proxy interview) were eligible for physical measurements. Respondents were presented with
three separate consent forms, the first pertaining to the collection of body measurements, the
second to the collection, analysis, and storage of DNA from saliva collection, and the third
to the collection, analysis, and storage of blood spot samples. Respondents had the option of
consenting or not consenting to any set of physical measurements.
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Interviewer Recruitment and Training

Existing field interviewers and new recruits were fully informed about the job requirements,
including the role of collecting physical measurements. Interviewers were trained using
instructional DVD, study manual, quizzes, in-person demonstrations, and paired-practice
sessions. At the end of training, interviewers were required to pass a standardized
certification exam. Additional training on physical measurement collection was provided
throughout the field period.

Outcome Measure

The primary outcome measure is a dichotomous indicator of whether respondents consented
to all three sets of physical measurements versus having consented to fewer measurements
(or none). We focused on this parsimonious outcome for two reasons: 1) we found
substantial overlap in non-consent across all physical measurements; and 2) separate
analysis of the individual consent outcomes yielded similar results and did not change the
conclusions of the study.

Indicators of Non-Consent Mechanisms

One hypothesized reason for not consenting to physical measurements is due to poor health,
whereby respondents are physically limited in their ability to complete the measurements
because of an existing health condition or functional limitation.2? We tested this hypothesis
by using several self-reported indicators of health status, including health rating, medical
diagnoses (high blood pressure, diabetes, cancer [excluding skin], lung disease, heart
condition, stroke, arthritis), height and weight (constructed as BMI), whether pain limits
daily activities, frequency of participation in “mildly” vigorous activities, total number of
reported Nagi functional limitations (log scale),3° Medicare enrollee status, and number of
doctor visits in the past 2 years.

Another hypothesized reason for non-consent is due to general resistance towards the survey
interview. For example, burden, confidentiality concerns, among other factors are believed
to decrease the likelihood of cooperating with a survey request.2” We suspect that the same
factors might also decrease the likelihood of physical measurement consent among survey
participants. We test this hypothesis using a mix of interviewer observations from the 2004
interview and call record data from both the 2004 and 2006 interviews. These variables
reflect: indicators of burden (how often respondent asked “how much longer the interview
would last,” the 2004 interview mode [telephone vs. face-to-face], elapsed interview time
prior to consent request), an indicator of confidentiality concerns (how often respondent
expressed concerns about confidentiality), and other indicators of resistance (number of
contact attempts in 2004 and 2006, rating of respondent cooperation and enjoyment during
interview).

A third hypothesized reason for non-consent is due to interviewer demographic
characteristics and/or lack of prior interviewing experience. In line with survey nonresponse
theory,2’ we hypothesize that inexperienced HRS interviewers and those with less education
are less likely to obtain physical measurement consent compared to more experienced and
educated interviewers. In addition, we test interviewer-respondent matching effects on race,
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Hispanic ethnicity, and gender with the expectation that matching increases the propensity to
consent.

Finally, we adjusted for a variety of other respondent characteristics.

Statistical Analysis

Two-level random effects logistic regression models were used to quantify respondents’
likelihood of consenting to physical measurements and to estimate between-level variation
attributed to the interviewer. The logistic regression was performed using the NLMIXED
procedure in SAS 9.1.3.31

HRS uses complex sample survey design features which were incorporated into our analysis.
The sample consisted of 112 primary sampling units paired within 56 sampling strata.
Weights were constructed that account for differential probabilities of selection,
nonresponse, and sample noncoverage. The weights were applied to the NLMIXED
procedure to obtain point estimates and a jackknife variance procedure (with 56 replications)
was performed to compute appropriate standard errors that accounted for the stratification
and clustering.32

A total of 9,380 randomly selected persons belonging to the target population of
noninstitutionalized adults over the age of 50 were eligible for physical measurements. Non-
respondents (n=1,014) and respondents who strongly preferred a telephone interview
(n=507) were excluded from this analysis. Further case deletions were based on missing data
for one interviewer (n=16) and missing interviewer observations (n=386) yielding a final
analytic sample size of 7,457. No significant differences were found between the included
and excluded cases on basic demographic variables.

RESULTS

Respondents and Physical Measurement Consent

Table 1 depicts unweighted estimates of the target population of adults aged 50+ who were
eligible for the physical measurement component of the survey. Characteristics are
compared among those who consented to all three sets of physical measurements and those
who partially consented to some (or none) of the measurements. Overall, respondents who
consented to all physical measurements were more likely to be white (82.8% vs.75.3%),
have more education (12+: 80.5% vs. 76.1%), have higher health ratings (very good/
excellent: 42.2% vs. 35.1%), and belong to households with two or more eligible persons
(64.5% vs. 55.8%), compared to those who did not consent to all measurements.

Physical Measurement Consent Rates

The unweighted physical measurement consent rates, in their order of presentation (and
invasiveness), were 93% (n = 6,953) for body measurements, 84% (n = 6,253) for saliva
collection, and 83% (n = 6,187) for blood spot collection. About 79% (n = 5,909) consented
to all three sets of measurements. Crosstabs of consent (not shown) revealed substantial
overlap between physical measurements. Approximately 85% (n = 5,909) of respondents
who consented to body measurements went on to consent to both saliva and blood
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collection. Conversely, 91% (n = 458) of respondents who refused consent to body
measurements also refused consent to saliva and blood collection. In general, once a
respondent refused to consent to one measurement, they were much less likely to consent to
the subsequent measurement(s).

Model Building and Evaluation

Four cumulative weighted logistic regression models were built by introducing covariates
related to demographic characteristics (Model 1), health status (Model 2), survey resistance
(Model 3), and interviewer characteristics (Model 4), respectively. Table 2 presents fit
statistics for each model. All four models yielded statistically significant chi-squared
likelihood ratio tests (P < 0.01). The Pseudo-R2 (max-rescaled)3? statistics were generally
small and ranged between 0.02 and 0.07, with the biggest increase occurring after the
resistance indicators were introduced into the third model (0.04 to 0.07). Other goodness-of-
fit measures, including Akaike’s information criterion (AIC) and the Bayesian information
criterion (BIC), provided further support that the set of resistance indicators improved model
fit more than any other set of covariates. Because the model results did not substantially
change with the addition of successive sets of variables, only results from the full model
(Model 4) are described below.

Likelihood of Consent Based on Sample Predictors

Table 3 presents weighted odds ratios of consent to all sets of physical measurements versus
consenting to some or none. After controlling for health status measures, resistance
indicators, and interviewer characteristics, a few respondent demographics were associated
with physical measurement consent. The odds of consenting to all physical measurements
decreased with age [odds ratio (OR), 0.99 per 1-year increase; 95% confidence interval (Cl),
0.99—1.00]. Hispanics were significantly more likely to consent to all physical
measurements compared to non- Hispanics (OR, 1.49; Cl, 1.05—2.13). Also, respondents
living with other eligible persons were more likely to consent to all measurements compared
to those living with no other eligible person (OR, 1.28; CI, 1.05—1.55). There was no
statistically significant association between consent and respondent race, but the interaction
of race and gender (not shown) yielded a statistically significant relationship suggesting that
black females were more likely to consent to physical measurements relative to black males
(OR, 1.46; CI, 1.03—2.07).

Effect of Health Status on Physical Measurement Consent

Few health status indicators were found to be significantly related to the likelihood of
consenting to all physical measurements after controlling for potentially confounding
variables. Respondents previously diagnosed with diabetes were more likely to consent
compared to non- diabetics (OR, 1.27; CI, 1.09—1.48). Respondents who infrequently
performed “mildly” vigorous activities were less likely to consent compared to those who
performed such activities at least once per week (1-3 times/month: OR, 0.72; CI, 0.54—
0.97; hardly ever/never: OR, 0.73; CI, 0.57—0.94). The odds of consenting to all physical
measurements decreased with the number of reported Nagi functional limitations (OR, 0.88
per log-unit increase; Cl, 0.79—1.00). Respondents who visited the doctor at least once in
the past two years were more likely to consent compared to those who did not visit a doctor
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(OR, 1.37; Cl, 1.06—1.76). The interaction between doctor visits and self-rated health (not
shown) was not statistically significant. There were no statistically significant associations
between consent and self-reported health status, BMI, Medicare status, pain limitations, or
ever having had high blood pressure, cancer, lung disease, heart condition, stroke, or
arthritis.

Effect of Survey Resistance on Physical Measurement Consent

Several indicators of interview resistance were significantly associated with the propensity
to consent to all physical measurements. Respondents who “often” asked “how long the
interview would last” were less likely to consent compared to those who never asked (OR,
0.63; Cl, 0.40—0.98). Similarly, those who “seldom” or “often” asked about
“confidentiality” were less likely to consent compared to those who did not ask at all
(seldom: OR, 0.72; CI, 0.58-0.90; often: OR, 0.53, Cl, 0.26—1.08). The odds of consenting
decreased with the number of contact attempts in both the 2004 wave (OR, 0.89 per log-unit
increase; Cl, 0.80—0.99) and the 2006 wave (OR, 0.86 per log-unit increase; Cl, 0.74—
0.99). Respondents who were rated “good” or “fair/poor” on their cooperativeness were less
likely to consent compared to those who received an “excellent” rating (good: OR, 0.70; Cl,
0.56—0.87; fair/poor: OR, 0.45; Cl, 0.27—0.75). Respondents who were rated as enjoying
the interview “a little bit/not at all” were significantly less likely to consent compared to
those who were rated as enjoying the interview “a great deal” (OR, 0.67; Cl, 0.52—0.86).
Finally, there were no statistically significant associations between consent and the prior
wave (2004) interview mode (face-to-face or telephone) or the elapsed interview time prior
to the consent requests.

Effect of Interviewers on Physical Measurement Consent

Consent for

We found no significant relationship between consent and an interviewer’s gender,
education, or prior HRS interviewing experience. However, respondents who were
interviewed by black interviewers were less likely to consent to all physical measurements
compared to respondents who were interviewed by white interviewers (OR, 0.52; Cl, 0.39-
0.69). Interactions between interviewers and respondents on race and gender (not shown)
did not yield statistically significant results. The interaction between interviewer and
respondent Hispanic ethnicity was statistically significant (OR, 3.47; Cl, 1.62-7.44),
indicating that Hispanic respondents were more likely to consent if interviewed by a
Hispanic interviewer. Finally, the (non-experimental) interviewer variance term was
statistically significant, suggesting that unmeasured interviewer characteristics influenced
the decision to consent.

Individual Measurements

We examined separate consent models for each set of measurements using the same
covariates (models not shown). The only contrasting finding between the individual consent
models and the combined model was that black respondents were significantly less likely to
consent to blood collection compared to whites (OR, 0.77; CI, 0.61—0.98). This
relationship did not achieve statistical significance in the combined model. Also, the finding
that diabetics were more likely to consent to physical measurements was consistent in each
separate model, but more marked in the blood collection consent model.
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DISCUSSION

The frequency of population-based surveys that collect physical measurements has increased
rapidly in recent years and is expected to increase even further as the demand for these data
grow. Little is known about whether respondents are embracing this trend, or resisting it in a
way that threatens the representativeness of the physical measurement estimates. We
investigated this issue by identifying respondent characteristics associated with physical
measurement consent in the 2006 Health and Retirement Study, a large nationally-
representative panel survey of older adults.

Consent rates were highest for the non-biological (body) measurements followed by saliva
and blood collection. This pattern supports other studies that have found consent rates to be
inversely related to the level of intrusion of the measurement.221 However, these results are
not definitive as the order of physical measurements was not randomized. In multivariate
analyses, we found several parallels between the respondent profile of non-consenters and
the profile of survey nonrespondents,” including black males and hard-to-reach respondents
requiring many contact attempts who were less likely to consent to physical measurements
relative to their counterparts.

A key question is whether the physical measurement consent decision is associated with the
types of health characteristics that physical measurements are designed to measure. We did
not find strong evidence to support this association. However, the finding that Nagi
functional limitations and lack of vigorous activity decrease the likelihood of consent is
somewhat concerning, particularly for surveys that collect anthropometric and physical
performance measurements. We suspect that functional impairments act as sources of
burden for respondents who may be unable to tolerate additional physical strains sustained
during physical measurement collection. Extra steps should be taken to ease the burden of
physical measurement participation among this population, or, at least, the presence of
functional impairments should be accounted for in post-survey weighting adjustments.

Interestingly, the only medical diagnosis associated with consent was diabetes, which was
associated with increased consent propensity. The tendency to consent to physical
measurements among this population may be due to a greater familiarity with blood testing
and other physical measurements and interest in knowing the results. Similarly, the tendency
for respondents who recently visited a doctor to consent to physical measurements might
also reflect a greater familiarity with such measurements and interest in knowing the results.

Indicators of general survey resistance were the most powerful predictors of physical
measurement consent. Our findings, in line with survey participation theory,2’ support the
hypothesis that respondents who feel burdened by the survey request or express concerns
about confidentiality are less likely to consent to physical measurements. Although
speculative, different approaches may be devised to address both issues in surveys that
endeavor to collect physical measurements. The added burden of collecting physical
measurements within a traditional survey interview might be lessened by administering
reduced versions of the questionnaire and/or subsets of the physical measurements.
Randomizing questionnaire content and/or sets of physical measurements to specific
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respondents, as is done in multiple matrix sampling,34 may reduce respondent burden
without compromising the validity of population- based inferences. Addressing respondent
concerns about confidentiality is a topic that has received much attention in the survey
participation literature.3> Offering stronger reassurances of confidentiality and outlining
specific steps taken to prevent a possible disclosure have been used, with some success, to
decrease survey nonresponse.36 Randomized experiments are needed to determine the
appropriate amount of reassurance needed to maximize physical measurement consent. In
line with prior survey confidentiality research,3” we suspect that the strongest reassurances
will be most effective for physical measurements perceived to be most sensitive by the
respondent, and less effective for less sensitive measurements.

Interviewer characteristics appeared to play a role in the physical measurement consent
decision. Respondents interviewed by black interviewers were less likely to consent to
physical measurements than those interviewed by white interviewers. Matching interviewers
and respondents on race and other characteristics (with the exception of Hispanic ethnicity)
did not affect the likelihood of consent. (The positive effect of matching on Hispanic
ethnicity is likely due to respondents who required a Spanish-language interview from a
bilingual interviewer.) One possible explanation of the race effect is that black interviewers
may have had higher concentrations of low SES respondents. If low respondent SES is
associated with lower consent, then this effect may be getting picked up by interviewer race.
To explore this further, we tested several post-hoc interactions between interviewer race and
proxy indicators of SES (respondent education, income, and assets) as well as geographical
variables (Census region and division), but none of these interactions achieved statistical
significance. Another possible confounder may be urbanicity, but we lacked enough
geographical information to test this hypothesis.

The significant between-interviewer variance component suggests that additional
unmeasured interviewer variables influenced physical measurement consent. However,
without randomization, we cannot conclusively say how much unexplained variation in
consent is attributed to the interviewer. Nonetheless, we suspect that measures of
interviewer expectations regarding the sensitivity of the measurements being collected and
their ability to obtain consent and perform the measurements on respondents might have
explained additional variation. In general, we recommend better recruitment and screening
of prospective interviewers and better training on securing physical measurement consent
from the respondent.

The HRS only recruits non-medically-trained interviewers for physical measurement
collection; thus, we were unable to directly compare differences between medically-trained
and non-medically-trained interviewers on the likelihood of consent. Advantages and
limitations of using non-medically trained interviewers should be noted. One advantage
includes the growing consensus among survey organizations that it is easier to train regular
field interviewers to collect physical measurements than it is to recruit and train those with a
medical background to conduct interviews.221 The main reason being that regular field
interviewers tend to have the persuasive skills needed to secure cooperation at the
respondent’s doorstep, which is something that medically-oriented interviewers may lack.
On the other hand, non-medically trained interviewers require greater scrutiny and quality
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oversight of their performance. Extensive training is needed to educate interviewers on how
to properly collect, store, and ship physical measurements that require special handling.
Increased costs due to purchasing medical malpractice insurance are often incurred.

This research points to three practical implications for the collection of physical
measurements in health interview surveys. First, it may be possible to identify likely non-
consenters prior to data collection and apply adaptive tailoring strategies to mitigate
respondent concerns and increase consent propensities. Panel surveys might have the most
to gain from this approach as rich prior-wave data may be readily available for use in a
prediction context. While the analytic models may not explain a sizeable amount of
variation, even a somewhat limited prediction model is likely to achieve benefits that would
otherwise not be seen. Second, prediction models could be used to impute missing physical
measurement values or to develop physical measurement weighting adjustments; although,
again, the quality of the imputed (or weighted) values is dependent on the quality of the
model fit. Such models would benefit from the additional collection of variables that
describe the specific reasons why a respondent did not consent to physical measurements.
These data could potentially be used to adjust for bias and/or implement targeted strategies
to increase consent propensity among specific population subgroups. And lastly,
acknowledging the important role of interviewers in the physical measurement consent
process could lead to better training regimens and identification and correction of
interviewer problems.

A major strength of the present study is the use of rigorously collected population-based
data. In addition, our study benefits from the appropriate modeling of the multilevel
structure of respondent and interviewer factors affecting the propensity to consent. However,
our study also had a number of limitations. The observational nature of this study, although
informative in terms of hypothesis generation, precludes us from making definitive
statements about factors affecting consent. Even though our models were extensively built to
control for possible confounders, it is possible that extraneous factors were not accounted
for. Another potential limitation is due to the fact that we studied a sample of panel
respondents, who may be viewed as being more cooperative than the general population of
older adults. Although we could not assess the characteristics of baseline nonrespondents,
the finding that prior wave resistance indicators explained the most consent variation
relative to other factors should alleviate some concerns about an overly agreeable panel.
Another potential limitation is due to testing multiple comparisons simultaneously in our
analytic model, which may have led us to overstate the model results. Despite these
limitations, we believe that our results are generally indicative of largescale population-
based household interview surveys that endeavor to collect physical measurements.

REFERENCES

1. Weinstein, M.; Vaupel, JW.; Wachter, KW., editors. Biosocial Surveys. Washington, DC: The
National Academies Press; 2008.

2. Beebe, TJ. “Challenges of Collecting Survey-Based Biomarker and Genetic Data.”. Proceedings of
the 9t Conference on Health Survey Research Methods. Peachtree City, GA; 2007 Mar. 2007

Med Care. Author manuscript; available in PMC 2014 June 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sakshaug et al. Page 11

3. Deshpande N, Metter EJ, Lauretani F, et al. Activity restriction induced by fear of falling and
objective and subjective measures of physical function: a prospective cohort study. J Am Geriatr
Soc. 2008; 56(4):615-620. [PubMed: 18312314]

4. Elosua R, Bartali B, Ordovas JM, et al. Association between physical activity, physical
performance, and inflammatory biomarkers in an elderly population: The INCHIANT] study. J
Gerontol A Biol Sci Med Sci. 2005; 60(6):760-767. [PubMed: 15983180]

5. Ferrucci L, Penninx BW, Volpato S, et al. Change in muscle strength explains accelerated decline of
physical function in older women with high interleukin-6 serum levels. J Am Geriatr Soc. 2002;
50(12):1947-1954. [PubMed: 12473005]

6. Hu P, Reuben DB, Crimmins E, et al. The effects of serum beta-carotene level and burden of
inflammation on all-cause mortality in high-functioning older persons: MacArthur Studies of
Successful Aging. J Gerontol A Biol Sci Med Sci. 2005; 59:849-854. [PubMed: 15345737]

7. Reuben DB, Judd-Hamilton L, Harris TB, et al. The associations between physical activity and
inflammatory markers in high functioning older persons: MacArthur Studies of Successful Aging. J
Am Geriatr Soc. 2003; 51(8):1125-1130. [PubMed: 12890077]

8. Gillespie NA, Whitfield JB, Williams B, et al. The relationship between stressful life events, the
serotonin transporter (5-HTTLPR) genotype, and major depression. Psychol Med. 2005; 35:101-
111. [PubMed: 15842033]

9. Grabe HJ, Lange M, Wolff B, et al. Mental and physical distress is modulated by a polymorphism in
the 5-HT transporter gene interacting with social stressors and chronic disease burden. Mol
Psychiatry. 2005; 10:220-224. [PubMed: 15263905]

10. Kendler KS, Kuhn JW, Vittum J, et al. The interaction of stressful life events and a serotonin
transporter polymorphism in the prediction of episodes of major depression: A replication. Arch
Gen Psychiatry. 2005; 62:529-535. [PubMed: 15867106]

11. Huang TL, Zandi PP, Tucker KL, et al. Benefits of fatty fish on dementia risk are stronger for
those without APOE epsilon4. Neurology. 2005; 65(9):1409-1414. [PubMed: 16275829]

12. Koster A, Penninx BW, Bosma H, et al. Socioeconomic differences in cognitive decline and the
role of biomedical factors. Ann Epidemiol. 2005; 15(8):564-571. [PubMed: 15922627]

13. Reynolds CA, Gatz M, Berg S, et al. Genotype-environment interactions: Cognitive aging and
social factors. Twin Res Hum Genet. 2007; 10(2):241-254. [PubMed: 17564514]

14. Seeman TE, Huang MH, Bretsky P, et al. Education and APOE-¢4 in longitudinal cognitive
decline: MacArthur Studies of Successful Aging. J Gerontol B Psychol Sci Soc Sci. 2005;
60(2):P74-P83. [PubMed: 15746021]

15. Seeman TE, Lusignolo T, Berkman L, et al. Social environment characteristics and patterns of
cognitive aging: MacArthur Studies of Successful Aging. Health Psychol. 2001; 20:243-255.
[PubMed: 11515736]

16. Crimmins, E.; Seeman, T. Integrating biology into demographic research on health and aging. In:
Finch, CE.; Vaupel, JW.; Kinsella, K., editors. Cells and Surveys: Should Biological Measures Be
Included in Social Science Research?. Washington DC: National Academy Press; 2001.

17. Finch, CE.; Vaupel, JW.; Kinsella, K., editors. Cells and surveys: Should biological measures be
included in social science research?. Washington, DC: National Academy Press; 2001.

18. Wachter, KW.; Finch, CE., editors. Between Zeus and the salmon: The biodemography of
longevity. Washington, DC: National Academy Press; 1997.

19. Singer, BH.; Ryff, CD., editors. New horizons in health: An integrative approach. Washington,
DC: National Academy Press; 2001.

20. Centers for Disease Control and Prevention. [Accessed March 19, 2009] National Health and
Nutrition Examination Survey. Available at: http://www.cdc.gov/nchs/about/major/nhanes/
datalink.htm.

21. Jaszcsak A, Lundeen K, Smith S. Using non-medically trained interviewers to collect biomeasures
in a national in-home survey. Field Methods. 2009; 21(1):26-48. [PubMed: 21796261]

22. Weir, DR. Elastic Powers: The Integration of Biomarkers into the Health and Retirement Study. In:
Weinstein, M.; Vaupel, JW.; Wachter, K., editors. Biosocial Surveys: Current insight and future
promise. Washington, DC: The National Academies Press; 2008. p. 78-95.

Med Care. Author manuscript; available in PMC 2014 June 30.


http://www.cdc.gov/nchs/about/major/nhanes/datalink.htm
http://www.cdc.gov/nchs/about/major/nhanes/datalink.htm

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sakshaug et al.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 12

House, J. Chicago Community Adult Health Study (CCAHS): Biomedical Data Collection.
Proceedings of the 2005 Chicago Biomarker Workshop: Chicago, IL; Jun. 2005

Lindau, ST.; McDade, TW. Minimally Invasive and Innovative Methods for Biomeasure
Collection in Population-Based Research. In: Weinstein, M.; Vaupel, JW.; Wachter, K., editors.
Biosocial Surveys: Current insight and future promise. Washington, DC: The National Academies
Press; 2008. p. 251-277.

Wolf, W. Minimally Invasive Methods to Collect and Extract DNA for Population Research.
Proceedings of the 2006 Chicago Biomarker Workshop; Chicago, IL: Jun. 2006

Groves RM. Nonresponse Rates and Nonresponse Bias in Household Surveys. Public Opin Q.
2006; 70(5):646-675.

Groves, RM.; Couper, MP. Nonresponse in household interview surveys. New York: Wiley; 1998.
Crider KS, Reefhuis J, Woomert A, et al. Racial and Ethnic Disparity in Participation in DNA
Collection of the Atlanta Site of the National Birth Defects Prevention Study. Am J Epidemiol.
2006; 164(8):805-812. [PubMed: 16877537]

Khare, M.; Mohadjer, LK.; Ezzati-Rice, TM., et al. An Evaluation of Nonresponse Bias in
NHANES 111 (1988-91). Proceedings of the Joint Statistical Meetings, American Statistical
Association; Aug. 1994 p. 949-954.

Nagi SZ. An epidemiology of disability among adults in the United States. Milbank Memorial
Fund Quarterly Health Society. 1976; 54:439-467. [PubMed: 137366]

Littell, RC.; Milliken, GA.; Stroup, WW., et al. SAS System for Mixed Models. Cary, NC: SAS
Institute Inc; 1996.

Berglund, PA. Analysis of Complex Sample Survey Data Using SURVEYMEANS and
SURVEYREG Procedures and Macro Coding. Proceedings of the SAS Institute, Paper; 2002. p.
263-227.

Negelkerke NJD. A note on a general definition of the coefficient of determination. Biometrika.
1991; 78:691-692.

Raghunathan TE, Grizzle JE. A Split Questionnaire Survey Design. J Am Stat Assoc. 1995;
90(429):54-63.

Singer E, Mathiowetz N, Couper M. The impact of privacy and confidentiality concerns on survey
participation: the case of the 1990 U.S. Census. Public Opin Q. 1993; 57:465-482.

Singer E, von Thurn DR, Miller ERM. Confidentiality Assurances and Response: A Quantitative
Review of the Experimental Literature. Public Opin Q. 1995; 59:66-77.

Singer E, Hippler HJ, Schwarz N. Confidentiality Assurances in Surveys: Reassurance or Threat?
Int J Public Opin. Res. 1992; 4:256-268.

Med Care. Author manuscript; available in PMC 2014 June 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Sakshaug et al. Page 13

TABLE 1
Characteristics of Sample Respondents (N = 7,457; unweighted)

All Respondents  Full Consent  Partial (or no) consent

(n=7457) (n = 5,909) (n=1,548)

Age (%)

52-69 56.0 (4179) 56.0 (3310) 56.1 (869)

70+ 44.0 (3278) 44.0 (2599) 43.9 (679)
Gender (%)

Male 42.3 (3152) 42.3 (2502) 42.0 (650)

Female 57.7 (4305) 57.7 (3407) 58.0 (898)
Race (%)*

White 81.2 (6055) 82.8 (4890) 75.3 (1165)

Black 14.1 (1048) 12.6 (747) 19.4 (301)

Other 4.8 (354) 4.6 (272) 5.3 (82)
Education (%)*

0-11 years 20.4 (1521) 19.5 (1151) 23.9 (370)

12 years 54.2 (4038) 54.9 (3244) 51.3 (794)

13+ years 25.5 (1898) 25.6 (1514) 24.8 (384)
Number of eligible
persons in HH (%)”

One 37.3(2783) 35.5 (2098) 44.3 (685)

Two or more 62.7 (4674) 64.5 (3811) 55.8 (863)
Perceived health (%)"

Excellent 10.9 (811) 11.3 (668) 9.3 (143)

Very good 29.9 (2226) 30.9 (1826) 25.8 (400)

Good 31.0 (2315) 31.2 (1844) 30.4 (471)

Fair/poor 28.2 (2105) 26.6 (1571) 34.5 (534)

*
Comparisons statistically significant (P < 0.001).

Percentages may not add to 100 due to rounding.
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TABLE 2

Multivariate Association of Consent to All Physical Measurements (Body Measurements, Saliva, and Blood)
on Respondent Demographics, Health Status, Resistance Indicators, and Interviewer Characteristics
(weighted; n=7,457).

Covariates Model 1 Model 2 Model 3 Model 4
Respondent
Demographics OR(95% Cl) OR(95% Cl) OR (9% ClI)  OR (95% Cl)
Age 1.00 (0.99-1.01)  1.00 (0.99-1.01)  0.99 (0.98-1.00)  0.99 (0.98,1.00)
Gender
Male Referent Referent Referent Referent
Female 1.14(0.98,1.32) 1.13(0.98,1.31)  1.06(0.90,1.24)  1.05 (0.90,1.23)
Education
0-11 years Referent Referent Referent Referent
12 years 1.23(1.00,1.50) 1.13(0.92,1.39) 1.14(0.91,1.43) 1.13(0.91,1.39)
13+ years 1.29(1.03,1.63) 1.15(0.91,1.45) 1.12(0.88,1.43) 1.12(0.88,1.41)
Race
White Referent Referent Referent Referent
Black 0.67 (0.55,0.83)  0.73(0.59,0.89)  0.83(0.67,1.03)  0.85(0.69,1.04)
Other 0.77(0.57,1.02)  0.78(0.58,1.04)  0.82 (0.62,1.10)  0.82 (0.61,1.10)
Hispanic
Yes 1.39(1.01,1.91) 152 (1.11,2.07) 146 (1.052.02) 1.49 (1.05,2.13)
No Referent Referent Referent Referent

Frequency of religious
service attendance

At least once/week

1.30 (1.08,1.57)

1.20 (0.99,1.44)

1.19 (0.99,1.43)

1.19 (0.99,1.44)

Less than once/week Referent Referent Referent Referent
Number of eligible
persons in household
One Referent Referent Referent Referent
Two or more 1.37(1.14,1.65) 1.34(1.11,1.61) 1.28(1.06,1.55)  1.28 (1.06,1.55)
Health Status
Indicators
Perceived health
Excellent Referent Referent Referent
Very good 0.97 (0.75,1.26)  0.96 (0.74,1.25)  0.96 (0.74,1.24)
Good 0.82(0.61,1.10)  0.84(0.63,1.12)  0.84(0.63,1.13)
Fair/poor 0.77 (0.57,1.06)  0.79 (0.57,1.09)  0.80 (0.58,1.09)
High blood pressure
Yes No 0.97(0.83,1.13)  0.97 (0.83,1.14)  0.97 (0.83,1.14)
Diabetes Referent Referent Referent
Yes
No 1.27 (1.08,1.50) 127 (1.08,1.48)  1.27 (1.09,1.48)
Cancer (excl. skin) Referent Referent Referent

Yes
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Covariates Model 1 Model 2 Model 3 Moded 4
Respondent
Demogr aphics OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

No
Lung disease
Yes
No
Heart condition
Yes
No
Stroke
Yes
No
Arthritis
Yes
No
Pain limits activities
Yes
No

Performs mildly vigorous
activities

At least once/week

1-3 times a month
Hardly ever/never
Reported BMI

<185

18.5-24.9

25.0-29.9
>30
Did not report BMI

Number of functional
limitations (log scale)

Medicare enrollee
Yes
No

Number of doctor visits
in past two years

None
One or more
Resistance Indicators

Number of contact
attempts in

2006 wave (log scale)
2004 wave (log scale)

1.01 (0.83,1.23)

Referent

1.25 (0.98,1.59)

Referent

1.01 (0.85,1.21)

Referent

0.85 (0.65,1.11)

Referent

1.18 (1.01,1.38)

Referent

0.97 (0.80,1.17)

Referent

Referent
0.72 (0.54,0.96)
0.70 (0.55,0.89)

Referent
1.03 (0.57,1.86)

1.06 (0.58,1.93)
1.03 (0.57,1.89)
0.62 (0.31,1.25)

0.89 (0.80,1.00)

1.13 (0.92,1.38)

Referent

Referent
1.38 (1.08,1.77)

0.98 (0.80,1.21)

Referent

1.22 (0.96,1.56)

Referent

0.97 (0.79,1.20)

Referent

0.81 (0.62,1.06)

Referent

1.15 (0.98,1.35)

Referent

0.95 (0.77,1.17)

Referent

Referent
0.73 (0.54,0.97)
0.73 (0.57,0.93)

Referent
1.14 (0.62,2.09)

1.15 (0.62,2.14)
1.13 (0.61,2.10)
0.75 (0.36,1.54)

0.89 (0.79,1.00)

1.09 (0.89,1.35)

Referent

Referent
1.36 (1.04,1.77)

0.86 (0.74,0.99)
0.89 (0.79,1.00)

0.98 (0.79,1.21)

Referent

1.21 (0.95,1.54)

Referent

0.97 (0.80,1.16)

Referent

0.81 (0.62,1.06)

Referent

1.14 (0.97,1.34)

Referent

0.95 (0.77,1.17)

Referent

Referent
0.72 (0.54,0.97)
0.73 (0.57,0.94)

Referent
1.15(0.62,2.11)

1.16 (0.62,2.17)
1.14 (0.61,2.12)
0.75 (0.36,1.55)

0.88 (0.79,1.00)

1.10 (0.89,1.35)

Referent

Referent
1.37 (1.06,1.76)

0.86 (0.74,0.99)
0.89 (0.80,0.99)
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Covariates Model 1 Model 2 Model 3 Moded 4
Respondent
Demogr aphics OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Interview mode (2004)
Phone

Face-to-face Asked
how long interview
would last (2004)

Never
Seldom
Often

Asked about
confidentiality (2004)

Never
Seldom
Often

Respondent cooperation
(2004)

Excellent

Good

Fair/poor

Respondent enjoyment
(2004)

A great deal
Quite a bit
Some

A little/not at all

Elapsed time prior to
consent request

First quartile
Second quartile
Third quartile
Fourth quartile

Interviewer
Characteristics

New hire
Yes
No
Age
Gender
Male
Female
Race
White/other
Black

1.00 (0.83,1.21)

Referent

Referent
0.87 (0.68,1.12)
0.63 (0.40,0.99)

Referent
0.72 (0.58,0.90)
0.53(0.26,1.08)

Referent
0.70 (0.56,0.88)
0.45 (0.27,0.76)

Referent
1.00 (0.82,1.23)
0.87 (0.68,1.10)
0.67 (0.52,0.87)

Referent
1.05 (0.83,1.32)
1.12 (0.85,1.48)
1.20 (0.89,1.61)

1.01 (0.82,1.23)

Referent

Referent
0.87 (0.69,1.11)
0.63 (0.40,0.98)

Referent
0.72 (0.58,0.90)
0.53(0.26,1.08)

Referent
0.70 (0.56,0.87)
0.45 (0.27,0.75)

Referent
1.00 (0.82,1.23)
0.87 (0.69,1.10)
0.67 (0.52,0.86)

Referent
1.06 (0.84,1.33)
1.14 (0.86,1.50)
1.21 (0.90,1.62)

0.87 (0.59,1.29)
Referent
0.99 (0.98,1.00)

Referent
1.45(0.98,2.14)

Referent
0.52 (0.39,0.69)
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Covariates Model 1 Model 2 Model 3 Model 4
Respondent
Demographics OR(95% Cl) OR(95% Cl)  OR (9% ClI)  OR (95% Cl)
Hispanic

Yes No 1.01 (0.60,1.71)
Education Referent

12 years

13-15 years Referent

16+ years 1.45(0.81,2.57)

1.42 (0.82,2.45)

Interviewer variance 1.73(1.49,2.02) 1.76(1.51,2.06) 1.74(1.02,3.00) 1.71(1.27,2.31)

Bold indicates statistically significant (P < 0.05).
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TABLE 3
Model Fit Statistics
Model 1 Model2 Model 3 Model 4
Pseudo R? (max. rescld) 0.02 0.03 0.07 0.07
Likelihood ratio statistic 84.0 774 157.1 17.7
Chi-squared p-value <0.01 <0.01 <0.01 0.01
AIC 7224.2 7186.8 7059.7 7056.0
BIC 7258.8 7284.2 7204.2 7222.5
Degrees of freedom 55 55 55 55
Sample size 7,457 7,457 7,457 7,457
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