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Abstract

Distal hair segments collected at delivery may allow for the assessment of maternal cortisol
secretion in early pregnancy, an important time window for fetal development. Therefore, an
investigation of the validity of distal hair cortisol concentrations is warranted. We examined the
concordance between proximal and distal hair cortisol concentrations (HCC), both representing
the first trimester of pregnancy. The study population was comprised of a random sample of 97
women participating in the Pregnancy Outcomes Maternal and Infant Study, a prospective cohort
study of pregnant women attending prenatal clinics in Lima, Peru. Each participant provided 2 hair
samples: once at enrollment (mean gestational age (GA)=13.1 weeks) and again at full-term
delivery (mean GA=39.0 weeks). Hair segments reflecting the first trimester were: 3cm hair
segments closest to the scalp on the first hair sample (proximal) and 6-9cm from the scalp on the
second hair sample (distal). HCC was determined using Luminescence Immunoassay. A subset
(N=28) had both hair segments additionally analyzed using liquid chromatography tandem mass
spectrometry (LC-MS/MS). HCC values were log-transformed (logHCC), and proximal-distal
differences tested using paired sample t-tests. Concordance was evaluated within and across assay
types. LogHCC, measured using immunoassay, in distal hair segments was lower compared to
proximal hair segments (1.35 vs. 1.64 respectively; p-value=0.02). No difference was observed
using LC-MS/MS (1.99 vs. 1.83, respectively; p-value=0.33). Proximal-distal concordance was
low within assay (immunoassay: Pearson=0.27 and kappa=0.10; LC-MS/MS: Pearson= 0.37 and
kappa=0.07). High correlation was observed across assays for both distal (Pearson=0.78, p-value
<0.001; kappa=0.64) and proximal segments (Pearson=0.96, p-value <0.001; kappa=0.75). In
conclusion, distal first trimester hair segments collected at delivery have lower absolute HCC
compared to HCC in proximal first trimester hair segments collected in early pregnancy, and are
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poorly concordant with HCC in proximal segments. Findings may inform the design of future

studies.

2-3 SENTENCE LAY SUMMARY:

On average, cortisol from hair segments farther from the scalp at delivery are lower and not in
agreement with cortisol from hair segments closer to the scalp in early pregnancy. Therefore,
researchers interested in early pregnancy hair cortisol concentrations, and its associations with
pregnhancy outcomes, are advised to restrict analyses to hair segments closer to the scalp in early
pregnancy.
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1. INTRODUCTION

Cortisol, a glucocorticoid hormone released by the hypothalamic-pituitary-adrenal (HPA)
axis, plays a key role in maintaining homeostatic conditions and aids in the functioning of
the metabolic, immune, and neurologic systems (McEwen and Seeman, 1999; Smith and
Cidlowski, 2010; Van Londen et al., 1998). Chronically dysregulated cortisol concentrations
have been associated with early miscarriage (Nepomnaschy et al., 2006), low birth weight
delivery (Bolten et al., 2011), and depression in the perinatal period (Bjelanovic et al., 2015;
Diego et al., 2009; Field et al., 2009; Hoffman et al., 2016; Lommatzsch et al., 2006;
Murphy et al., 2015; O’Connor et al., 2014; O’Keane et al., 2011; Peer et al., 2013;
Voegtline et al., 2013). Traditional cortisol monitoring techniques, such as saliva, serum and
urine, have been useful in assessing how deviations in diurnal cortisol profiles are associated
with such outcomes. However, these techniques are limited in their ability to monitor long-
term cortisol secretion due to their reflection of cortisol concentrations in the past one to 24-
hours, thereby requiring the collection of multiple hourly or daily samples over the course of
many days.

Hair has emerged as a relatively non-invasive, stable, and easily stored biospecimen that
represents a retrospective measure of integrated cortisol concentrations spanning months
(Cirimele et al., 2000; D’ Anna-Hernandez et al., 2011; Davenport et al., 2006; Gow et al.,
2010; Kirschbaum et al., 2009; Raul et al., 2004; Sauve et al., 2007; Stalder and
Kirschbaum, 2012; Wosu et al., 2013). Cortisol concentrations in hair are thought to result
from the passive diffusion of unbound circulating cortisol from nearby blood vessels, sweat
and sebaceous glands (Stalder and Kirschbaum, 2012). Hair cortisol concentrations (HCC)
increase during pregnancy and correlate with salivary cortisol concentrations during
preghancy (D’Anna-Hernandez et al., 2011). The average hair growth in humans is
approximately one centimeter per month (or 1.1 +/- 0.2cm) (Barman et al., 1965; Barth,
1986; Loussouarn et al., 2005; Pragst and Balikova, 2006). Despite increases in the
percentage of scalp hairs in active growth during pregnancy (Conrad and Paus, 2004;
Lynfield, 1960; Pecoraro et al., 1967) and increases to scalp hair diameter during pregnancy
(Nissimov and Elchalal, 2003), similar rates are observed in scalp and pubic hair (Astore et
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al., 1979; Pecoraro et al., 1967). Therefore, researchers interested in assessing long-term
cortisol secretion and release during the pregnancy period have collected hair samples of
nine centimeters (cm) or more at delivery. However, due to washout of cortisol from distal
hair segments over time, such samples may be limited in their ability to reflect early
pregnancy cortisol synthesis and release. For researchers interested in early pregnancy
cortisol secretion, and its role in fetal development and maternal health, an evaluation of the
validity of distal segments collected at delivery is warranted.

Previous studies have observed increases in HCC during pregnancy when using 9cm hair
samples collected at delivery, with segments representing the 15t trimester (6-9cm from the
scalp), 2" trimester (3-6cm from the scalp), and 3™ trimester (0-3cm nearest the scalp)
(D’Anna-Hernandez et al., 2011; Kirschbaum et al., 2009). While this is consistent with
observed increases in cortisol during pregnancy in saliva (Braithwaite et al., 2016; Davis et
al., 2007; Giesbrecht et al., 2012; Lachelin, 2013), plasma (Burke and Roulet, 1970), and
urine (Burke and Roulet, 1970), the lower cortisol concentrations in hair further from the
scalp may be influenced by degradation or “washout effects” from prolonged environmental
exposures (Hamel et al., 2011; Li et al., 2012). These exposures may lead to artificially low
levels in hair segments beyond 6¢cm from the scalp, a commonly cited methodological
limitation of long-term cortisol monitoring in hair (D’ Anna-Hernandez et al., 2011; Hamel
et al., 2011; Kirschbaum et al., 2009; Russell et al., 2012). However, the magnitude of such
“washout effects” over time, and the extent to which distal segments are concordant with
proximal segments presumed to reflect the same time period requires further investigation.
Furthermore, assessing the concordance across laboratory methods of cortisol determination
separately for proximal and distal hair segments would benefit researchers deciding between
the two laboratory approaches. Combined, such findings could help inform the design of
future studies, and aid in the interpretation of existing studies that utilize HCC. Therefore,
using hair samples collected from a cohort of pregnant women in Lima, Peru, we evaluated
the concordance between HCC in proximal hair segments collected in early pregnancy with
HCC in distal hair segments collected at delivery, both presumed to reflect the first trimester
of pregnancy (Figure 1).

2. MATERIAL AND METHODS
2.1 STUDY PARTICIPANTS AND PROCEDURES

Data were gathered as part of the Pregnancy Outcomes, Maternal, and Infant Study
(PrOMIS), a prospective cohort study consisting of pregnant women attending prenatal
clinics at the Instituto Nacional Materno Perinatal (INMP) in Lima, Peru, the primary
reference establishment for maternal and perinatal care operated by the Ministry of Health of
the Peruvian government (Barrios et al., 2015). The institutional review boards of the
Harvard T.H. Chan School of Public Health and INMP approved this study, and written
informed consent was obtained from all participants. Recruitment for the PrOMIS study
began in February of 2012, and scalp hair samples were collected from participants enrolled
in the cohort during the period of October 2014 to November 2015. Participants who were
18 years of age or older, were able to speak and read in Spanish, and initiated prenatal care
in early pregnancy were invited to participate (mean gestational age=13.1 weeks, standard
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deviation (SD)=3.9). Recruited participants were then followed from early pregnancy to
delivery. Among enrolled PrOMIS cohort participants, 96% provided a first hair sample at
enrollment in early pregnancy, 32% of which contributed a second hair sample at full-term
delivery (mean gestational age 39.0 weeks, SD=1.0). Since it was neither necessary nor
financially feasible to conduct biochemical analyses of all participants, we randomly
selected 100 women from all eligible women with two hair samples. Selected women did
not differ from non-selected women. The selection process for the present analysis is
provided in Figure 2. Briefly, women were excluded if they failed to meet the following
criteria: live singleton delivery, full term delivery (=37 weeks), and two hair sample
collections. Three women were excluded from the 100 randomly selected participants due to
either undetectable cortisol values, or cortisol values that exceeded 100pg/mg (>4 standard
deviations from the mean). Our final analytic sample consists of 97 participants, each
providing two first-trimester hair segments: the proximal 3cm segment measured as 0-3cm
from the scalp collected in early pregnancy, and the distal 3cm segment measured as 6-9cm
from the scalp collected at full-term delivery (Figure 1). Assuming a two-tailed alpha of
0.05, a sample size of 100 participants had 80% power to detect a correlation of 0.28. The
power for our sample size of 97 participants was 79.7%.

Hair collection procedures were similar to those described elsewhere (Gao et al., 2013). In
brief, trained research staff collected two hair samples from the posterior vertex region of the
scalp as close to the scalp as possible twice during the perinatal period, first at enrollment
and again at full-term delivery. Collected hair samples were then wrapped in aluminum foil,
and stored in manila envelopes away from light and at room temperature using desiccants.
Prior to assay, women’s hair samples were randomly ordered, and samples from the same
woman assayed in the same immunoassay batch. From this sample of 97 women,
approximately one third (N=28) were randomly selected for a sub-study validation using
Liquid Chromatography Tandem Mass Spectrometry (LC-MS/MS). Assuming a two-tailed
alpha of 0.05, a sample size of 28 participants was 80% powered to detect a correlation of
0.50.

2.2 LABORATORY ANALYSIS

Hair processing procedures for cortisol were as described in previous studies (Albar et al.,
2013). First, both 9cm hair samples from each participant were segmented into three 3cm
hair segments. This analysis was restricted to values from the first trimester hair segments
only (Figure 1). Lab personnel used 7.5mg of whole non-pulverized hair per segment for
analysis with the Cortisol Saliva Luminescence Immunoassay, IBL International ®. One
immunoassay batch was defined as one 96-well plate, and all hair segments from the same
woman were analyzed together in the same batch, thereby reducing the influence of
variability across batches (Tworoger and Hankinson, 2006). For our sub-study validation, a
subset of 28 randomly selected participants had both first trimester hair segments
additionally analyzed using Liquid Chromatography Tandem Mass Spectrometry (LC-MS/
MS), where samples were run consecutively rather than in batches. The same lot of reagents
was used for all samples. Cortisol units of both techniques were reported in picograms per
milligram (pg/mg), and the lower limit of detection was 0.1 pg/mg (Gao et al., 2016; Gao et
al., 2013). Six blinded quality control (QC) samples were randomly dispersed to assess
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variability (Tworoger and Hankinson, 2006). For the immunoassay, inter-assay and intra-
assay coefficients of variation (CV) were 19.4% and 11.9%, respectively. For the LC-
MS/MS, the inter-assay CV was 8.1%. Since LC-MS/MS analyses did not employ batches,
intra-assay CV’s are not reported. CV’s up to 20% are regarded as acceptable (Tworoger and
Hankinson, 2006). In sensitivity analyses, immunoassay-derived cortisol concentrations
were batch-corrected using the Rosner method (Rosner et al., 2008) to determine if batch-
corrected agreement findings differed from original findings.

2.3 PARTICIPANT CHARACTERISTICS

At enrollment, structured interviewer-administered questionnaires were used to collect
information on participants’ hair and sociodemographic characteristics, anthropometrics,
and medical and reproductive history. Hair characteristics included: natural hair color, hair
structure, hair washing frequency, shampoo and conditioner use, chemical hair treatment
use, and hair cutting frequency. Sociodemographic characteristics included: age, educational
attainment, smoking status prior to the study pregnancy, alcohol consumption prior to the
study pregnancy, ethnicity, marital status, employment during the study pregnancy, and
difficulty paying for basics. Early pregnancy body mass index (BMI) (kg/m?2) was measured
using the participants’ weight to the nearest 0.1kg and height to the nearest 0.1cm. Medical
and reproductive history questions assessed whether the study pregnancy was planned,
parity, gestational age at enrollment and full-term delivery using last menstrual period (in
weeks), and asthma diagnosis before the study pregnancy. Psychological measures such as
perceived stress, generalized anxiety disorder, depression, and post-traumatic stress disorder
were assessed at enrollment using the 14-item Perceived Stress Scale (Cohen et al., 1983),
the 7-item Generalized Anxiety Disorder scale (Zhong et al., 2015), the 9-item Patient
Health Questionnaire (Zhong et al., 2014), and the Post-Traumatic Stress Disorder
Checklist-Civilian version (Blanchard et al., 1996; Gelaye et al., 2017), respectively. Since
cortisol concentrations in hair may be influenced by ultraviolet light (UV) exposure (Hansen
etal., 2001; Li et al., 2012; Stalder et al., 2012), categories of UV exposure during the three-
month time period of hair growth were estimated using meteorological UV levels. Hair
growth occurring exclusively during the high UV Peru summer months of December to
April were defined as ‘high’ (N=16), and hair growth occurring exclusively during the low
UV Peru non-summer months of May to November were defined as ‘low’ (N=20). Hair
growth occurring during both high UV summer months and low UV non-summer months
was defined as ‘intermediate’ (N=61). Lastly, in order to assess whether differences in the
time between the two hair sample collections (at enroliment and full-term delivery)
influenced concordance, categories distinguishing participants whose hair samples were
collected 5-6 months apart (N=58) vs. not (N=39) were created. If time between hair
samples played a role, we hypothesized that participants whose hair samples were collected
5-6 months apart would be most concordant due to the average time between hair
collections.

2.4 STATISTICAL ANALYSIS

The Shapiro-Wilk test statistic was used to test for skewness in HCC. Based on findings of
right-skewness, HCC values were transformed on the natural logarithm scale (logHCC) to
approximate normality. To facilitate comparison of HCC with other studies, we report
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geometric mean HCC and standard deviations (SD) for proximal and distal hair segments for
all participants and according to participant characteristics. Student’s t-tests or analysis of
variance (ANOVA) were used to evaluate differences in logHCC across maternal
characteristics for proximal and distal hair segments. We then used paired sample t-tests to
evaluate the mean difference between proximal and distal logHCC. Linear regression models
were used to determine whether proximal-distal differences (deltas) varied according to
maternal characteristics at enrollment. Bland-Altman plots were used to evaluate for
evidence of systematic bias in differences. Concordance was further evaluated using scatter
plots, Pearson correlation coefficients, Cohen’s weighted kappa test statistics using logHCC
tertiles, and intra-class correlation coefficients (ICCs). In the subset of women whose first-
trimester hair segments were analyzed using both laboratory methods (N=28), concordance
across laboratory methods was evaluated separately for distal and proximal segments. All
statistical analyses used SAS® version 9.4 software (SAS Institute, Inc., Cary, North
Carolina) and p-values are two-sided at the alpha 0.05 level.

3. RESULTS

Participant ages ranged from 18 to 44 years (mean=26.5 years, SD=5.8), and the mean
gestational ages at the two hair collections (i.e. early pregnancy and delivery) were 13.1
weeks (SD=3.9) and 39.0 weeks (SD=1.0), respectively. Participant sociodemographic
characteristics, anthropometrics, medical history, and hair characteristics are described in
Table 1. Participants reported no medication use or diabetes at time of interview. Differences
in proximal HCC were observed across categories of education, asthma, generalized anxiety
disorder, hair structure, and UV light exposure. Differences in distal HCC were observed in
the similar directions as proximal HCC, albeit only statistically significantly for education
and alcohol use.

Mean logHCC, measured using immunoassay, in proximal hair segments were higher
compared with distal segments,1.64 vs. 1.35 respectively (p-value=0.02) (Table 2). Bland-
Altman plots showed no evidence of systematic bias in difference estimates (Figure 3). No
statistical difference was observed using LC-MS/MS (1.99 vs. 1.83, p-value=0.33). The
magnitudes of the delta values were investigated according to maternal characteristics in
Table 1. Delta values statistically differed according to the following maternal characteristics
at enrollment: employment status, UV exposure, and asthma diagnosis (Supplemental Table
1). Specifically, larger differences were observed among participants who were unemployed
vs. employed, among participants exposed to higher UV in early pregnancy vs. low UV, and
among participants with a history of asthma vs. participants without a history of asthma.

The Pearson correlation between proximal and distal first trimester hair segments measured
using immunoassay was 0.27 (p-value=0.008) (Figure 4). Correlation coefficients were
highest among the subset of participants whose hair samples were collected 5-6 months
apart (N=58, r=0.36, p-value 0.006) as compared to participants whose hair samples were
not collected 5-6 months apart (N=39, r=0.14, p-value=0.39). The Pearson correlation
between proximal and distal first trimester hair segments measured using LC-MS/MS was
0.37 (p-value=0.05) (Figure 4). The proportion of hair samples concordantly ranked as either
low, middle, or high according to HCC tertiles was low comparing proximal and distal
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rankings (immunoassay weighted kappa= 0.10, LC-MS/MS weighted kappa= 0.07) (Table
3). Intra-class correlation (ICC) values were also low (immunoassay ICC: 0.46, LC-MS/MS
ICC: 0.34) (Table 3). In the subset of participants whose proximal and distal hair samples
were analyzed using both immunoassay and LC-MS/MS, concordance was high among
distal segments (r=0.78, p-value <0.001; weighted kappa=0.64) and high among proximal
segments (r=0.96, p-value <0.001; weighted kappa=0.75) (Figure 4). Batch-corrected
immunoassay agreement measures did not substantially differ from the immunoassay
agreement measures provided (Supplemental Table 2).

4. DISCUSSION

On average, HCC measured in distal hair segments collected at delivery were lower and had
poor agreement with HCC measured in proximal hair segments collected in early pregnancy.
This suggests that distal hair segments collected at the time of delivery cannot be used to
reflect cortisol concentrations in the first trimester of pregnancy, and more generally that
distal hair segments beyond 6cm from the scalp may not be appropriate for use in studies
aiming to assess HCC over a 9-month period. Our findings also show that despite lower
absolute measures of HCC using immunoassay as compared to LC-MS/MS, the two
laboratory methods strongly agree and preserve relative rankings, as previously shown in an
inter-laboratory round robin (Russell et al., 2015).

Reasons for why distal segments beyond 6¢cm from the scalp may not reflect cortisol
concentrations in the presumed time period have been hypothesized to be due to “washout
effects” over time (Russell et al., 2012). Successive laboratory washes of hair samples have
been shown to result in the decreases in HCC due to potential leaching of cortisol from the
hair (Davenport et al., 2006), mainly from water exposure rather than shampoo treatment
(Hamel et al., 2011; Li et al., 2012). In our study, we observed lower HCC with increased
self-reported hair washing frequency in early pregnancy; however these differences were not
statistically significant. One study among non-pregnant women determined that HCC
naturally declines by 30-40% as one moves from proximal to distal hair segments on the
same hair sample (Kirschbaum et al., 2009). In comparison, we observed a smaller
magnitude of difference comparing proximal and distal hair segments across different hair
samples (mean logHCC values of 1.64 and 1.35, a 32% difference in HCC on the original
scale).

We are aware of only one other study that compared early pregnancy cortisol concentrations
in proximal and distal hair segments (D’Anna-Hernandez et al., 2011). In their study of 14
women recruited prior to 17 weeks gestational age with non-complicated pregnancies,
D’Anna-Hernandez and colleagues reported no agreement in HCC proximal and distal
segments reflecting early pregnancy (Pearson correlation coefficient=—0.2, p=0.29). Both
our study and D’Anna-Hernandez et al. sampled hair from the posterior vertex of the scalp at
two times (first in early pregnancy and again at delivery), used similar laboratory methods,
recruited participants of comparable maternal age and at comparable times in pregnancy, and
included participants with no medication use. Studies differed in sample size (14 vs. 97),
region (USA vs. Peru), in exclusion criteria (our study included smokers (14.5%) and those
who used hair treatments (39.2%)), and magnitude of correlation (0.2, p-value 0.29 vs.
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0.27, p-value 0.008). Despite differences in study design, geographic region, and behavioral
characteristics, our present findings and that of D’ Anna-Hernandez et al. indicate that distal
hair segments collected at delivery are in poor agreement with proximal hair segments
collected in early pregnancy.

Our study also builds upon previous findings by suggesting that differences in proximal and
distal HCC values may vary according to participant characteristics. Specifically, we
observed larger differences among participants who were unemployed compared to
participants who were employed, among participants exposed to higher UV compared to
participants exposed to low UV, and among participants with a history of asthma compared
to participants without a history of asthma. Reasons for a larger difference among the non-
employed as compared to the employed are unclear, and differences according to asthma
status were based on a small sample of asthmatics (10.3%, N=10) requiring replication.
However, given that asthma is commonly treated with corticosteroids, researchers interested
in early pregnancy maternal cortisol levels should take this into consideration. Despite the
fact that we observed higher HCC values in proximal hair segments that grew during seasons
of higher UV, we observed larger proximal-distal differences at higher UV indices. This is
plausible given that high UV irradiation is an environmental factor believed to facilitate
washout of cortisol from hair over time (Dettenborn et al., 2012). If such differences across
subgroups hold, differential measurement error of HCC in distal segments may result in
biased estimates. Therefore, researchers interested in utilizing distal hair segments may need
to consider how they will account for such differences in the study design and analytic
phases.

Our findings of strong agreement across laboratory methods of cortisol analysis are
consistent with earlier reports. A recent international inter-laboratory round robin of 15 hair
samples showed excellent agreement comparing immunoassay and LC-MS/MS analyzed
HCC levels (r’s ranged from 0.89-0.98) (Russell et al., 2015), though it is unclear if the hair
samples used were proximal or distal segments. We show that correlations comparing
proximal segments were stronger than correlations comparing distal segments (r’s=0.96 vs.
0.78), and that relative HCC rankings are preserved, albeit to a stronger extent in proximal
segments compared to distal segments. Furthermore, ICC values indicated lower between-
person and total variation using LC-MS/MS values compared to immunoassay values, a
difference potentially due to the smaller sample size of the LC-MS/MS values. This
information may be of importance for researchers deciding between the two laboratory
methods.

In our investigation of the concordance between HCC in proximal and distal hair segments,
both presumed to reflect the first trimester of pregnancy, our study had some limitations.
First, our study assessed all maternal characteristics once at enrollment. Therefore, any
changes that occurred later in pregnancy, such as hair washing frequency and chemical
treatment, were not accounted for. Second, it is possible that morphological changes in hair
(such as increased thickness) may have occurred during the second and third trimesters of
pregnancy, potentially affecting porosity and leaching of cortisol from hair segments.
However, the impact of these changes on distal first trimester hair segments is likely
minimal given that first trimester hair growth was already complete. Third, the timing
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between hair collections was not exactly six months for all participants. According to the
average hair growth (Lcm/month), a six-month window between the two hair collections
would have resulted in optimal overlap of the 3cm proximal and distal hair segments.
Therefore, differences in time between hair collections may have impacted our findings.
However, the mean timing between hair collections was 5.8 months (SD=1.1), close to this
optimal window of overlap. To investigate the extent to which timing between hair
collections impacted our findings, we evaluated concordance among a subset collected 5-6
months apart (N=58). In doing so, we observed stronger correlations (r=0.37). Therefore, the
timing between hair collections may have had some impact on our findings. However, the
magnitude of this influence does not appear substantial (r=0.27 among all participants vs.
r=0.37 among this subset). Interestingly, slower underarm hair growth has been observed
with pregnancy progression (Pecoraro et al., 1971). While this is not a major concern given
our focus on scalp hair, we provide it as potential evidence for the impacts of pregnancy on
general hair growth. Fourth, our CV’s are on the higher end of the acceptable range.
However, batch-corrected findings were very similar. Lastly, we cannot extrapolate our
findings of poor concordance of distal and proximal segments to non-pregnant populations.

Despite these limitations our study had many strengths. First, our study used standardized
hair collection and extraction procedures. For example, the posterior vertex region of the
scalp has the lowest intra-individual variation of HCC compared to samples obtained from
other areas of the scalp (16% vs. 31%) (Sauve et al., 2007), and strong agreement has been
observed comparing HCC across the posterior vertex region of the scalp during pregnancy
(Pearson correlation = 0.85, p<0.001) (D’Anna-Hernandez et al., 2011). Second, our study
assessed concordance using two laboratory methods of cortisol analysis, immunoassay and
LC-MS/MS. Third, our study assessed multiple concordance measures, which yield similar
conclusions. Fourth, our sample size of 97 participants, each of whom provided one
proximal and one distal hair segment, exceeds the sample size of the only other known
comparable study, although, an evaluation of concordance using a larger sample of
participants or in non-pregnant populations is warranted. Lastly, our restriction to full-term
deliveries helped to ensure that distal and proximal hair segments represented similar times
during pregnancy.

5.0 CONCLUSION

HCC in distal hair segments collected at delivery do not appear to reflect HCC in proximal
hair segments collected in early pregnancy. Therefore, in accordance with previous
suggestions, we suggest that investigators interested in long-term maternal cortisol secretion
in early pregnancy restrict analyses to proximal hair segments collected in early pregnancy,
or if possible, perform a validation sub-study similar to our own study to determine the
extent of cortisol degradation if any.
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Sample #1
1st
Trimester

Figure 1:
Diagram showing the proximal and distal first trimester hair segments for comparison

The dashed box indicates segments on each hair sample collection used for comparisons:
0-3cm from the scalp on hair sample 1 collected in the first trimester (proximal) and 6-9cm
from the scalp on hair sample 2 collected at delivery (distal).
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Flow chart showing selection into study

P o
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=) . o .
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5 =
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-5 (N=1,997participants)
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7 ;—" No hair sample at delivery (N=1334)
1
~ Hair sample collected at delivery (N=656
.E participants)
= Mean gestational age: 38 weeks Hair sample collected at delivery but
| H not first trimester (N=6)
()
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o . . Missing or incomplete medical
fer Hair samples one and two and meet following g P
7 N records (N=20)
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g - " . . ; _  HCCinsecond hair sample
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O/
Figure 2:

*ACOG= American Congress of Obstetricians and Gynecologists
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a) Immunoassay
O .
Q3 . ¢ . +1.96 sc®
(e ¢
2 256
g .. ‘.. e -
(L] 1 ... ‘.'
33 YL, Mean
S . P S . 028
) 8 c ” ‘x o*
¥ -1 ® 40 2 o0 o
08, 4 -1.96 sd
- g 2.00
£ -3
=
© -4 .
= 2 0 2 4
Mean (proximal-distal logHCC)
b) LC-MS/MSP
5 :
O ® l. +1.96 sd
:5, 1 L] ° ® L
ko) & )
=== L] &
° _{73 0 o ® Mean
co » . %, e e 0.16
@
EB 1 ’ e
= L ® -1.96 sd
ko) -1.50
© _
o -2
x 0 1 2 3
a Mean (proximal-distal logHCC)
Figure 3:

Bland-Altman plots comparing first trimester proximal (0-3cm hair sample 1) and distal
(6-9cm on hair sample 2) log-transformed hair cortisol concentrations (logHCC), by
laboratory method of detection, immunoassay (N=97) and liquid chromatography tandem
mass spectrometry (LC-MS/MS) (N=28).

8sd= standard deviation
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Page 17

b) LC-MS/MSP (N=28)
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Figure 4:
Scatterplots comparing proximal and distal log-transformed hair cortisol concentrations

(logHCC) by laboratory method of detection.
ar= Pearson correlation coefficient, ® LC-MS/MS=liquid chromatography tandem mass
spectrometry
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Table 3:

Agreement between proximal and distal first trimester hair cortisol concentrations according to method of
cortisol analysis

Immunoassay (N=97)

Proximal logHCC tertiles

Distal logHCC tertiles Low Mid High
Low 13(43.3%) 12 (35.3%) 7 (21.2%)
Mid 8(26.7%) 11(32.4%) 14 (42.4%)
High 9(30.0%)  11(32.4%) 12(36.4%)
Total 30 (100.0%) 34 (100.0%) 33 100.0%)

Weighted Kappa statistic = 0.10
Intra-class correlation coefficient = 0.46
Between-person variation = 0.40

Total variation = 0.86

Liquid Chromatography (N=28)

Proximal logHCC tertiles

Distal logHCC tertiles Low Mid High
Low 3(37.5%) 5 (45.5%) 2 (22.2%)
Mid 2 (25.0%) 3(27.3%) 3(33.3%)
High 3(37.5%) 3(27.3%) 4 (44.4%)
Total 8(100.0%) 11 (100.0%) 9 (100.0%)

Weighted Kappa statistic = 0.07
Intra-class correlation coefficient = 0.34
Between-person variation = 0.19

Total variation = 0.55

Bolded valuesindicate the diagonal cells of agreement.

Abbreviations: logHCC = log-transformed hair cortisol concentrations
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