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Abstract

Collection of salivary cortisol has become increasingly popular in large population-based studies. 

However, the impact of protocol compliance on day-to-day reliabilities of measures, and the 

extent to which reliabilities differ systematically according to socio-demographic characteristics, 

has not been well characterized in large-scale population-based studies to date. Using data on 935 

men and women from the Multi-ethnic Study of Atherosclerosis, we investigated whether 

sampling protocol compliance differs systematically according to socio-demographic factors and 
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whether compliance was associated with cortisol estimates, as well as whether associations of 

cortisol with both compliance and socio-demographic characteristics were robust to adjustments 

for one another. We further assessed the day-to-day reliability for cortisol features and the extent 

to which reliabilities vary according to socio-demographic factors and sampling protocol 

compliance. Overall, we found higher compliance among persons with higher levels of income 

and education. Lower compliance was significantly associated with a less pronounced cortisol 

awakening response (CAR) but was not associated with any other cortisol features, and adjustment 

for compliance did not affect associations of socio-demographic characteristics with cortisol. 

Reliability was higher for area under the curve (AUC) and wake up values than for other features, 

but generally did not vary according to socio-demographic characteristics, with few exceptions. 

Our findings regarding intra-class correlation coefficients (ICCs) support prior research indicating 

that multiple day collection is preferable to single day collection, particularly for CAR and slopes, 

more so than wakeup and AUC. There were few differences in reliability by socio-demographic 

characteristics. Thus, it is unlikely that group-specific sampling protocols are warranted.
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Collection of salivary cortisol has become increasingly popular in large population studies 

(Steptoe et al., 2003; Cohen et al., 2006; Adam & Kumari, 2009). Although valid measures 

of cortisol levels can be easily obtained from saliva samples providing valuable information 

on the functioning of the hypothalamic-pituitary-adrenal (HPA) axis, the impact of 

differences in compliance on estimates of various features of the daily cortisol curve is not 

well characterized. An additional measurement challenge pertains to the reliability of 

measures across days, which has important implications for the number of days over which 

samples need to be collected (Kraemer et al., 2006; reviewed in Adam & Kumari, 2009).

Cortisol levels typically follow a strong circadian rhythm across the day, in which levels are 

typically high upon waking, increase by 50 to 75% during the 30 to 40 minutes post-

awakening (referred to as the cortisol awakening response or CAR; Pruessner et al., 1997), 

and decline across the remainder of the day, reaching a nadir in the late evening some 18+ 

hours after awakening (Kirschbaum & Hellhammer, 1989; Karlamangla et al., 2013). Both 

the size of the CAR and the rate of the cortisol decline across the day represent important 

aspects of HPA axis functioning and have been associated with socio-demographic factors, 

psychosocial wellbeing, and physical and mental health (Sephton et al., 2000; Adam & 

Gunnar, 2001; Gunnar & Vazquez, 2001; Kunz-Ebrecht et al., 2004; Wright & Steptoe, 

2005; Cohen et al., 2006; Saxbe et al., 2008; Hajat et al., 2010; Kumari et al., 2011).

Because differences in the size of the CAR, rates of decline, and absolute levels at various 

points during the day (e.g., upon awakening) are often used to characterize HPA axis 

functioning, it is important that participants adhere to the requested sampling protocols in 

order to avoid biased estimates. Poor adherence to the sampling protocol may influence 

interpretations of a person’s diurnal cortisol profile and has been found to produce unreliable 

estimates, with the cortisol profiles of non-compliant individuals differing significantly from 
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those of compliant persons (Kudielka et al., 2003; Broderick et al., 2004; Kudielka et al., 

2007), although research is equivocal (Jacobs et al., 2005). Moreover, systematic differences 

according to socio-demographic or other characteristics may lead researchers to believe that 

there are meaningful differences according to these factors; however, they may simply 

reflect biases in estimates due to differences in compliance across groups. Conversely, 

significant group-level differences in cortisol activity may be obscured by poor compliance. 

Thus, systematic assessment of whether compliance differs significantly according to socio-

demographic factors may help improve interpretation of estimates of group-level differences 

in cortisol profiles, and contribute to the development of protocols that result in better 

estimates.

Another major challenge in the characterization of cortisol patterns using repeat salivary 

samples pertains to the number of days over which samples need to be collected as well as 

the number of samples needed per day in order to characterize the features believed to be 

relevant (Kraemer et al., 2006; Adam & Kumari, 2009). For example, it is important to 

determine whether the intensive sampling protocols that have been most commonly 

implemented in salivary cortisol research (e.g., 3 to 9 samples per day over multiple days 

(reviewed in Adam & Kumari, 2009) are necessary and/or optimal for assessing HPA axis 

functioning. Thus, investigation of levels of day-to-day reliability of each feature of the 

cortisol profile, and the extent to which reliability differs systematically across groups who 

are likely to be the focus of analyses, is warranted.

Making use of unique data available from a sample of participants in the Multi-Ethnic Study 

of Atherosclerosis this study investigates: (1) whether sampling compliance differs 

systematically according to socio-demographic characteristics; (2) whether sampling 

compliance is associated with features of the cortisol curve (e.g., CAR, decline); (3) whether 

associations of socio-demographic characteristics with cortisol parameters are robust to 

adjustments for compliance, as well as whether associations of sampling compliance with 

cortisol parameters are robust to adjustments for socio-demographic factors; and (4) the day-

to-day reliability for various features of the cortisol profile and the extent to which reliability 

varies according to socio-demographic characteristics and level of compliance with the 

sampling protocol.

METHODS

Study Population

MESA is a multi-center, longitudinal cohort study of the prevalence and correlates of 

subclinical cardiovascular disease and the factors that influence its progression (Bild et al, 

2002). Between July 2000 and August 2002, 6814 men and women without clinical 

cardiovascular disease who identified themselves as white, black, Hispanic, or Chinese, and 

were 45 to 84 years of age were recruited from six U.S. communities: Baltimore City and 

Baltimore County, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los 

Angeles County, California; Northern Manhattan and the Bronx, New York; and St. Paul, 

Minnesota. Details on the sampling frames and the cohort examination procedures have 

been published elsewhere (Bild et al, 2002).
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An ancillary study to MESA, the MESA Stress study collected detailed measures of stress 

hormones, including salivary cortisol measures, on a subsample of 1002 participants 

enrolled at the New York and Los Angeles MESA sites, as previously reported (Hajat et al., 

2010). Participants using steroids (n=35) were excluded since steroid use interferes with 

HPA axis assessment and an additional 32 (3.3%) were excluded because insufficient data 

were collected to compute the cortisol features (e.g. missing track cap time, saliva sample 

not provided). Compared to individuals who were included, excluded individuals were less 

likely to have a bachelor’s degree or higher (23.6% for included versus 15.6% for excluded; 

p=0.029) and were less likely to be white (19.6% for included versus 3.1% for excluded; 

p=0.003). There were no differences in age, sex, or income. The final analyses include 935 

participants who provided 2774 days of cortisol data, and represent an ethnically and socio-

economically diverse group of participants: African-American (27.6%), Hispanic (52.8%), 

Non-Hispanic White (19.6%) and an approximately even distribution of sexes: 51.6% 

female and 48.4% male. The mean age was 65±9.8 years (median 65 years; interquartile 

range 57 to 73 years).Annual household income was divided into three categories: less than 

$25,000(38.7%), $25,000 to $50,000 (31.1%) and $50,000 or more (26.8%). Education was 

also summarized into three categories: completed high school or GED or less (38.3%), some 

college (30.9%), and associates degree and Bachelors degree or more (25.8%). Informed 

consent was obtained from each participant, and the study was approved by the Institutional 

Review Boards of each institution.

Hormonal Measures

Each MESA Stress participant was instructed to collect six saliva samples per day over 3 

weekdays, resulting in a maximum of 18 samples per person. The first sample was to be 

taken immediately after waking (and before getting out of bed), the second sample 30 min 

later, the third sample at around 1000 h, the fourth sample at around noon (or before lunch if 

lunch occurred before 1200 h), the fifth sample at around 1800 h (or before dinner if dinner 

occurred before 1800 h), and the sixth sample right before bed.

A trackcap device, with time-stamp bottle openings, was used to register the times that the 

bottle was opened for sample collection. Participants were informed that compliance with 

sampling protocols was being monitored using these devices (trackcaps, MEMS 36, San 

Diego, CA). The participants were also instructed to report their wake-up time and bedtime 

for each day, which allowed us to derive the requested time for the 1st, 2nd, and 6th samples 

for each participant on each day. The requested times for the 3rd, 4th and 5thsamples were 

uniform across the study: 1000 h, 1200 h, and 1800 h. The difference between the requested 

time and the track-caps time (which was the actual collection time) was divided into four 

categories (0 to 5 minutes, 5 to 10 minutes, 10 to 15 minutes, > 15 minutes), and was used to 

characterize the level of compliance of participants.

Assessment of Protocol Compliance

We developed a compliance score coding scheme to minimize the impact of larger 

differences between track cap times and requested times in the samples later in the day. 

Evening times for salivary cortisol collection were more variable because they were 

contingent upon when participants ate dinner, compared to collections earlier in the day. 
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Using raw differences in minutes between the track caps time and the requested time 

resulted in a highly skewed distribution, such that evening difference might have driven the 

overall differences in compliance scores. Thus, we created a point system so that any sample 

with a difference in track caps and requested time larger than 15 minutes got the worse 

score, as summarized below.

Compliance scores for each sample were constructed as follows: participants received 3 

points if the difference between the requested sample time and the trackcap time was 0 to 5 

minutes, 2 points for gaps of 5 to 10 minutes, 1 point for gaps of 10 to 15 minutes, and 0 

points for gaps of more than 15 minutes. A score for each person was computed by 

aggregating points across all samples. Higher scores indicate higher compliance with the 

protocol. Each participant’s compliance score reflects their mean compliance score across 

all samples. We then classified participants into three compliance categories: low, moderate, 

and high compliance, based on the tertiles of the compliance score distribution. In order to 

characterize the association of socio-demographic factors with compliance, we compared the 

distributions of race/ethnicity, sex, age, income and education across compliance categories. 

Data on age, race/ethnicity, sex, years of education, highest level of education achieved, and 

annual income were self-reported using standard protocols (Bild et al, 2002).

Statistical Analysis

We summarized salivary cortisol data into five features of the cortisol curve: wake up 

cortisol levels, cortisol awakening response (CAR), area under the curve (AUC), early 

decline, and late decline. Each of the features was computed on a daily basis. The cortisol 

awakening response (CAR) was calculated as the difference between the wake up cortisol 

levels and the levels at 30 minutes post-awakening. The early decline (between 30 minutes 

and 2 hours post-awakening) and late decline (between 2 hours post-awakening and 

bedtime) were calculated as the hourly rate of decline for the given time period, estimated 

separately for each person on each day as the slope of the regression line fitted through the 

samples that fell within the specified time period. To calculate the AUC, we used linear 

splines to connect the values from each of the sample times and then calculated the area 

under the linear spline based on the trapezoid rule. AUC estimates were restricted to a 16-

hour day for all participants. As previously reported, 85% of participants collected at least 5 

samples per day for all days on which they collected samples and 97% of participants 

collected samples on all 3 days (Hajat et al., 2010). Of the participants, 97%, 83%, 91%, 

98% and 94% had sufficient data from at least two days to calculate wake up cortisol, CAR, 

early decline slope, late decline slope and AUC measures, respectively. Cortisol values were 

log-transformed prior to calculating the features.

In order to estimate associations of compliance with these features, we modeled each feature 

(up to three measures for each participant per day) as a function of compliance (in 

categories) using linear mixed models with a person-level random effect to account for 

within-subject correlation. Associations of compliance with cortisol features were examined 

before and after adjustment for socio-demographic characteristics. The impact of adjustment 

for sociodemographic characteristics on the associations of compliance with the outcomes 

was quantified by estimating the percent change in the coefficients associated with 
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compliance categories when socio-demographic characteristics were added. These analyses 

provide information regarding whether there are differences in the estimates of features of 

the cortisol curve based on compliance level, as well as whether these differences are robust 

to adjustment for socio-demographic characteristics, which may influence both compliance 

and cortisol activity.

Using similar linear mixed models, we estimated differences in the features of the cortisol 

profile across various socio-demographic factors before and after adjustment for 

compliance. We also estimated the percent change in the coefficients associated with socio-

demographic characteristics after compliance was added to the model. These analyses allow 

us to examine whether observed socio-demographic differences in cortisol features are 

partially attributable to systematic differences in levels of protocol compliance across 

different socio-demographic groups.

We used the intraclass correlation coefficient (ICCs) to assess the reliability of the cortisol 

features across days, overall and according to various socio-demographic factors and 

compliance. For each cortisol feature and socio-demographic factor, we fitted a single linear 

mixed model that allows both between-subject variability and between-day within subject 

variability to be dependent on the levels of the socio-demographic factor. Then, the ICC for 

each category of the socio-demographic variable was computed as the proportion of the 

between-subject variability relative to the total variability, i.e., for the kth group of a given 

socio demographic factor,

where  is the estimated between-individual variance for a given feature for the kth group 

of the demographic factor, and  is the between-day variance for the feature. This quantity 

reflects the similarity or correlation of the features within individuals, and ranges from 0 (no 

similarity in the feature values across days) to 1 (values are the same for all days) (Park and 

Lake, 2005).

Note that when estimating the ICCs, the single model approach that we employed is 

equivalent to fitting multiple models separately for each category of the socio-demographic 

factors. However, the single model approach provides the benefit of allowing us to compute 

the p-values reflecting whether the ICCs differ significantly across socio-demographic 

categories or compliance. For the early and late decline slopes, the bottom 1% and top 1% of 

the distribution were omitted from the ICC calculation, owing to the presence of extreme 

outliers.

All models were estimated using maximum likelihood (ML); separate models for each 

cortisol feature were fitted. By using ML, available observations from a given participant 

can be included for parameter estimation (Allison, 2012). For instance, if a participant had 

only 1 or 2 measures of CAR, the participant’s 1 or 2 CAR measures were used toward 

estimating model parameters. This approach produces valid model estimates under the 
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assumption that the unavailable measure(s) are missing at random (Little and Rubin, 2002). 

All analyses were carried out using SAS version 9.2 software.

RESULTS

Table 1 shows compliance with the requested collection times for various samples. Overall, 

54% of wake up samples and 62% of bed time samples were collected within 5 minutes of 

waking up and going to bed, respectively. Participants were least likely to comply with the 

requested protocol for the afternoon samples, as 43.8% and 44.6% of participants failed to 

provide samples within 15 minutes of the requested times for the noon and 6 PM samples, 

respectively. Levels of compliance did not differ greatly across the three days of the study: 

44%, 44%, and 42.5% of participants collected all samples within 5 minutes of the requested 

times on days 1, 2, and 3, respectively. On the other hand, between 30.5% and 32.2% of 

participants were non-compliant by an average of more than 15 minutes on each of the 

collection days. Overall, nearly 57% of samples were provided within 10 minutes of the 

requested times.

Table 2 shows the percentage of individuals within categories of selected socio-demographic 

characteristics of the sample by tertiles of the overall compliance score. Individuals in the 

higher compliance score categories were more likely to be of higher income and higher 

education. Those in the highest tertile of sampling compliance were marginally more likely 

to be non-Hispanic Whites (p = 0.07).

Table 3 presents the crude and adjusted associations of compliance with each of the five 

cortisol features investigated. The coefficients reflect log relative differences in cortisol 

features according to levels of compliance (top), since cortisol levels were log transformed 

prior to constructing the features. Standardized coefficients (bottom) allow direct 

comparisons of the association with compliance across different features. People in the 

lowest tertile of compliance scores had CARs that were 9% lower (−0.09 in log-scale; 95% 

C.I.: −0.18, −0.01) than those in the highest tertile of compliance scores on average, prior to 

adjustment for covariates. This association is attenuated by 15% after adjustment for socio-

demographic covariates (0.08 log-scale units lower in the low versus high compliance group 

(95% C.I.: −0.16, 0.00). The 0.09 difference is equivalent to 0.15 of a standard deviation of 

the (log) CAR distribution. Compliance was not significantly related to wake up, early 

decline (30 minutes to 2 hours post-awakening), late decline (2 to 16 hours post-awakening), 

or total cortisol output (AUC). The magnitude of the associations between compliance and 

these four additional features was less than 0.09 standard deviations of the distributions of 

the features.

Table 4 shows associations of socio-demographic characteristics with each cortisol feature, 

before and after adjustment for compliance scores, with significant associations in bold face. 

Among those significant associations, adjustments for compliance never resulted in more 

than 10% change in the coefficients. Among the remaining non-significant associations, 

eleven of them changed by more than 10% after adjustment for compliance. There were no 

changes in direction of associations or in the levels of significance of p-values for pairs of 

Golden et al. Page 7

Psychoneuroendocrinology. Author manuscript; available in PMC 2015 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associations among any of the variables, implying that adjustment for compliance does not 

have a large impact on the associations between demographic variables and cortisol features.

Table 5 presents intraclass correlations (ICCs) in the overall sample and across socio-

demographic groups and tertiles of compliance levels. In general, reliabilities were higher 

for the AUC (0.66 for the full sample) followed by the wake up value (0.48). Reliabilities 

ranging from 0.28 to 0.37 were observed for the other samples. Adjustment for covariates 

(age, sex, race/ethnicity, education, income) did not materially change these estimates. 

There were no significant differences in ICCs for wake up cortisol levels or CARs according 

to socio-demographic characteristics, although there was a marginal trend for people in the 

highest tertile of compliance scores to have higher ICC for CARs (p= 0.06). Older people 

also had lower CAR ICC although differences with age were not statistically significant (p 

=0.08). The ICC for early decline differed significantly according to compliance scores and 

age. People who were more compliant with the sampling protocol and people ages 55 to 64 

had significantly higher ICCs than people who were less compliant with the protocol and 

people under 55 or over 65 years of age, respectively. People ages 75 and older had the 

lowest early decline ICCs among all of the age groups. Persons with high compliance also 

had higher reliabilities for the early (p< 0.01) and late decline slope (p<0.05). Hispanic 

participants showed higher reliabilities for AUC than other race/ethnic groups but no other 

statistically significant differences were observed. There were no sex by age interactions in 

the observed associations (data not shown).

Because prior work in Hispanic populations has suggested variation in health behaviors and 

participation by nativity status (Jurkowski, 2006), we conducted analyses to examine the 

association between nativity (foreign born status) and compliance, and the ICC of the 

cortisol curve features by nativity. Of the 493 Hispanic participants, 378 (76.5%) were 

foreign born. We found a marginal association between foreign born status and compliance 

(p=0.064). The percentage of foreign born individuals in the high compliance category 

(82.6%) was greater than in the low (75.3%) or medium (71.9%) compliance 

categories(Table 6). Except for the ICC of the early decline slope (p<0.001), we found no 

statistically significant difference in the reliability of the features by foreign born 

status(Table 7). For the early decline slope, the reliability among US born was much smaller 

(ICC=0.11) compared to foreign born (ICC=0.39). This difference was primarily due to a 

larger between-subject variance among foreign born compared to US born. The next largest 

difference in ICC was for CAR (p=0.34), where the ICCs among US and foreign born was 

0.28 and 0.19, respectively.

DISCUSSION

This study reports on levels of sampling protocol compliance and reliability of cortisol 

features on a large population–based diverse sample, and the extent to which compliance 

and reliability vary by socio-demographic characteristics. A higher compliance score was 

associated with higher income and higher education but not with age or sex. Compliance 

was associated with higher CAR values, but was not associated with any of the other 

features of the cortisol curve. Compliance likely most impacts the CAR because its 

determination is most impacted by timing of sample collection and the accuracy of the 
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wake-up time. If the first sample is not taken right at awakening and is delayed, it will be 

higher and there will be less difference in the awakening and 30 minute sample, resulting in 

a lower CAR. Similarly, if the wake-up sample is accurately collected but the timing of the 

30 minute sample is delayed, the CAR will be underestimated because the second sample 

will have been collected after the actual 30 minute peak. In our analyses, adjustment for 

compliance did not affect associations of socio-demographic factors with various features of 

the daily cortisol profile. Reliability was higher for wake up values and AUC than for other 

features. Reliability did not vary substantially by socio-demographic characteristics although 

there was a suggestion of lower reliability at older ages and at lower levels of compliance 

for some features.

Knowing whether and how participants deviate from the requested sampling protocol is 

widely believed to be important for calculating reliable estimates of cortisol parameters. We 

found that the majority of saliva samples were provided within ten minutes of the requested 

time, although there were also a fair number of samples provided outside of a 15-minute 

window. Larger deviations from the requested protocol were most likely to occur in the 

middle of the day, rather than at wake up and bed time, which are particularly important 

samples for calculating the CAR, AUC, and late decline. We speculate that there were more 

protocol deviations in the afternoon because individuals were told to collect samples at noon 

(or before lunch if lunch occurred before noon) or at 6 pm (or before dinner if dinner 

happened before 6 pm), thus introducing greater flexibility in the protocol for these times. In 

addition they may have had difficulty remembering to collect these samples as scheduled if 

they were working during the day. Also, it may have been easier for participants to 

incorporate collection of waking and bed time samples into their established morning and 

night time routines whereas afternoons likely have less predictable routines. This has 

implications for estimating the diurnal slope. If samples are collected later than scheduled, 

but the time specified in the protocol is assumed as the time of collection, the diurnal slope 

estimate will likely be steeper than the actual slope as cortisol levels continue to fall 

throughout the afternoon. Failure to comply with protocols has previously been shown to 

produce unreliable and possibly biased estimates of cortisol features, with the cortisol 

profiles of non-compliant individuals differing significantly from those of compliant persons 

(Kudielka et al., 2003; Broderick et al., 2004), although one study found no differences in 

profiles between compliant and non-compliant persons (Jacobs et al., 2005). We found 

evidence that variations in compliance affected the CAR estimate but not other features of 

the cortisol profile.

To our knowledge, this is the first study to systematically investigate socio-demographic 

differences in compliance. We found that higher income and education were associated with 

slightly higher compliance. The extent to which compliance to sampling protocols differs 

across various demographic groups may have implications for the interpretation of findings 

regarding group level differences in some cortisol features. We found lower rates of 

compliance among persons of lower socioeconomic status, who have been previously shown 

to have flatter rates of decline across the day (Kudielka et al., 2003; Cohen et al., 2006; 

Hajat et al., 2010). Other work has reported that lower compliance is associated with more 

negative estimates of the daily decline (i.e., steeper slopes) (Kudielka et al., 2003) (although 

there was no evidence of this in our analyses). Taken together this suggests that prior studies 
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may have underestimated the associations of low socioeconomic status with a flatter decline. 

In contrast, prior research on the size of the CAR has been mixed, with persons of lower 

socioeconomic status having higher (Kunz-Ebrecht et al., 2004; Wright and Steptoe, 2005), 

lower (Bennett et al., 2004), or similar CARs across studies (Steptoe et al., 2003; Cohen et 

al., 2006; Hajat et al., 2010; Kumari et al., 2010). Although it is difficult to predict to what 

extent lack of compliance contributes to conflicting findings regarding associations of 

socioeconomic status and CARs, findings of lower CARs among persons of lower 

socioeconomic status could be partially attributable to socioeconomic status differences in 

compliance. In our analyses, however, compliance did not substantially affect estimates of 

associations of socio-demographic factors with cortisol. Nonetheless the socio-demographic 

differences in compliance that we did observe suggest that population variation in 

compliance could affect estimates of associations of various characteristics with cortisol in 

other samples.

The overall reliability for the AUC and wake up cortisol was moderate-to-high. The 

reliability of the CAR, and early and late decline slopes was lower and varied significantly 

by compliance to the protocol, with higher reliability for declines in particular among more 

compliant persons. Prior research has indicated that adherence to the protocol may be 

especially important when calculating estimates of the CAR, as cortisol levels are known to 

change most rapidly within the 30 to 45 minutes of waking (Pruessner, 1989; Kudielka, 

2007). Our data support these prior findings. As previously discussed, delay in collection of 

the wake-up and/or 30 minute sample can underestimate the CAR. Prior studies of cortisol 

have analyzed rates of cortisol decline differently than the current study (typically 

measuring hourly rates of decline between wakeup to bed time, excluding the CAR sample), 

whereas we analyzed the decline in two segments (between 30 minutes and 2 hours post-

awakening and between 2 hours post-awakening and bed time). Hence, it is unclear if the 

significant differences in reliability in early and late decline would be applicable to prior 

studies. Although differences were not large, there was some evidence that reliability was 

greater among persons who were more compliant.

Since there is limited research on the day-to-day reliability of estimates of cortisol features, 

no clear consensus exists regarding the optimal number of days of sampling. The existing 

research indicates that multiple day collection is preferable to single day collection 

whenever feasible (Smyth et al., 1997; Kraemer et al., 2006; reviewed in Adam &Kumari, 

2009). Our findings regarding ICCs also points to the need for multiple days of sampling, 

but more so for CAR and decline slopes than wakeup and AUC.

Our study is among the first to examine whether reliability of cortisol features varies 

systematically according to socio-demographic factors. With the exception of lower 

reliability of the early decline slope in older persons and higher reliability of the AUC in 

Hispanics compared to other groups there were no marked differences in reliability by socio-

demographic characteristics. Thus, it is unlikely that use of group-specific sampling 

protocols would be warranted, particularly if implementing them would increase the 

challenges of working with large, diverse populations. Our study is also the first to examine 

variation in sampling protocol compliance by nativity status in Hispanic individuals, where 

foreign born status was marginally associated with slightly higher compliance compared to 
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US born status. This is in contrast to health screening preventive practices which are more 

common among US compared to foreign born Mexican-Americans (Jukowski, 2006). Thus, 

the reason for slight differences in compliance based on nativity status in our population is 

unclear and warrants further investigation.

It is worth noting that the current study is limited by several factors. First, although we 

utilized trackcaps to monitor the timing of samples, we did not objectively measure time of 

waking. However, prior research indicates that participants are generally accurate in their 

reports of wake up times (Kraemer et al., 2006; DeSantis et al., 2009). In addition, we 

weighted all samples equally when calculating compliance scores. It is conceivable that 

weighting analyses such that wake up, wake up + 30 minutes, and possibly bed time 

samples, received more emphasis in the calculation of compliance scores than mid-day 

samples might have produced different results. Estimates of the wake up levels, CAR, and 

late decline are directly influenced by adherence to the protocol for these three samples in 

particular. Furthermore, estimates of AUC are largely determined by wake up values, as 

well as the CAR sample, as cortisol levels are typically the highest in the morning. Although 

we utilized one of the more intensive protocols of any large-scale population-based study, 

there were relatively few samples in the afternoon. Because this is the time period with the 

highest degree of non-compliance, it is difficult to know how our findings might differ if the 

protocol included more afternoon samples. Finally, we assessed short-term ICCs in samples 

collected over 3 days for cortisol curve features and our findings may not apply to sample 

collections separated by longer term follow-up. A recent study found much lower cortisol 

curve ICCs (most ≤0.13) across three populations compared to our study; however, their 

ICCs were determined for samples collected 8 to 24 months apart where greater long-term 

variability is expected (Ross et al, 2014). Additional studies are needed to confirm ICCs for 

sample collections separated by months to years. Their study participants were also younger 

(mean age in the 3 populations were 12.9, 17, and 50 years) than ours (mean age 65 years). 

Because our study population was older, this may limit generalizability of our findings to 

other populations.

This study documents acceptable compliance with a complex collection protocol in a large 

and diverse population sample. Although compliance was associated with socio-

demographic characteristics, differences were small and adjustment for compliance did not 

appreciably modify estimates of associations of socio-demographic characteristics with 

cortisol features. Reliability was acceptably high for AUC, moderate for wake up values and 

lower for other features. Reliability of estimates of CAR and early declines were greater 

when compliance was greater. However, reliability was generally not associated with socio-

demographic characteristics. Overall results suggest that three days of sampling with the 

given 6-sample protocol yields acceptable compliance and acceptable reliability, but that 

additional sampled days (or possibly additional samples per day) may be necessary to 

achieve higher reliability for some features.
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