
Sleep, light, melatonin, adolescents	

Between June and July 2012, additional informa-
tion about participants’ chronotype was collected 
via email. Respondents answered a single question 
from the Horne-Ostberg Morningness-Eveningness 
Questionnaire13 indicating whether they most closely 
identified as: 1) A definite “morning” type; 2) Rather 
more of a “morning” type than an “evening” type; 3) 
Rather more of an “evening” type than a “morning” 
type; or 4) A definite “evening” type. This item has 
previously been shown to correspond well to the 
overall questionnaire score.14

Urine collection
On May 25, 2011, all participants collected first-

morning urine samples in their homes using 4.5mL 
tubes provided by the investigators. All samples were 
collected when participants arrived at school, between 
approximately 7:30 and 8:00 am, and were immedi-
ately placed on ice and transported within 6 hours 
to the Specialty Assay Research Core Lab (Boston, 
MA). Eleven random urine samples were split as 
blinded quality control and quality assurance for the 
laboratory analysis.

Laboratory methods
Urinary melatonin (6-sulfatoxymelatonin, aMT6s) 

measurements were assayed using commercially 
available ELISA kits (ALPCO, Windham, NH). The 
Bühlmann 6-SMT ELISA is an immunoassay using 

an antibody-capture technique with a lower detection 
limit of 0.8 ng/ml for aMT6s. All aMT6s assays are 
creatinine-standardized to account for differences 
arising from variations in urine concentrations. Urine 
creatinine was measured using the COBAS Integra 
400 (Roche Diagnostics, Indianapolis, IN). To assess 
reproducibility of the laboratory methods, masked split 
specimens included within each batch (10% of the 
total samples) were used to calculate the coefficient 
of variation within batches; for urinary aMT6s the 
average within-batch CV among the samples was 
3.3% and for creatinine, 1.4%.

Statistical methods
No study participants were missing aMT6s levels 

and none of the aMT6s values were identified as 
outliers based on the generalized extreme studentized 
deviate many-outlier detection approach,15 leaving a 
total of 100 students available for our analyses.

All statistical analyses were performed with SAS 
software (SAS Institute, Cary, NC). Fisher’s exact tests 
were used to examine univariate relationships between 
chronotype and reported sleep habits. Continuous 
variables in Table 1 are presented as means (standard 
deviation, SD). To test for differences in aMT6s levels 
by categories of covariates, we used mixed-effects 
regression models to obtain geometric mean aMT6s 
levels and 95% confidence intervals (95% CI). Main 
models were adjusted for age (years, continuous), 

Table 1. Characteristics of 100 study participants, overall and by gender*
Characteristic Overall Females Males
N (%) 100 (100.0) 55 (55.6) 44 (44.4)
Age, years 15.7 (1.2) 15.8 (1.3) 15.5 (1.0)
BMI, kg/m2 21.6 (3.5) 22.0 (4.0) 21.1 (2.8)
Melatonin level, ng/mL 72.3 71.4 71.2
Creatinine level, mg/dL 158.6 152.5 165.0
Age at first menstrual period, median (range)† N/A 12 (9-14) N/A
Caucasian (%) 67 (67.8) 33 (61.1) 33 (75.0)
Reported tobacco use 2 (2.0) 0 (0.0) 2 (4.8)
Reported alcohol use in past 30 days 18 (18.6) 11 (20.0) 7 (17.9)
Current OC Use† N/A 5 (9.3) N/A
Exercise 4 or more hours/week 67 (67.1) 35 (64.8) 32 (76.2)
Use of sleep aid in past 3 months 8 (8.0) 6 (10.9) 2 (4.6)
*One individual did not provide data on gender but was retained in all analyses not stratified by sex; †Females only.




