
symptoms, future risk for exacerbations, and death. These data
suggest that for individuals with known COPD, a CT with 5% or
more emphysema should signal the clinician that this individual
is at greater risk for poor outcomes, and directed therapy
would be indicated if it has not already been initiated. For
individuals without a prior COPD diagnosis, the presence of 5%
or more emphysema suggests spirometry should be
considered, as presence of airflow obstruction identifies a
subgroup of patients with COPD at higher risk for poor
outcomes. n
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Trajectories and Early Determinants of Circulating
CC16 from Birth to Age 32 Years

To the Editor:

The club cell secretory protein CC16 is a pneumoprotein present in
circulation but mainly produced by club cells and other nonciliated
airway epithelial cells (1–3). Its biological functions have not been
conclusively elucidated, but findings from in vitro studies (4) and
mouse models (5) support antiinflammatory and antitoxicant
properties of CC16 in the lung.

In line with this scenario, CC16 deficits in blood and airways
have been associated with asthma (6), chronic obstructive
pulmonary disease (7), impaired growth of FEV1 in children
(8), and accelerated FEV1 decline in adults (8). Whether
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CC16 plays a direct role in lung health or it represents an
early indicator of alterations in airway epithelial cell functions,
understanding the trajectories of serum CC16 from childhood into
adult life and the early factors that control such trajectories is a
critical initial step to evaluate the possible use of this protein in risk
stratification and/or early prevention of lung disease.

In the present study, we used data from the Tucson Children’s
Respiratory Study, a prospective birth cohort study that recruited
1,246 healthy infants between 1980 and 1984. Questionnaires were
completed by the primary caregiver at enrollment within weeks
after the child’s birth, and again when the child was 6 years old.
Blood samples were collected from umbilical cord at birth and by
venipuncture at ages 6, 11, 16, 22, 26, and 32 years. Circulating
CC16 levels were measured in serum, using a commercially
available ELISA kit (BioVendor). For 78 participants at Year 6, only
plasma was available and a correction factor was applied to their
CC16 concentrations to enable comparison with serum samples, as
described previously (8).

We tested multiple early-life factors for association with serum
CC16, including participant’s sex, ethnicity/race, gestational age at
birth, type of delivery, ponderal index, feeding practices in the
first 9 months of life, and genotype for the SNP rs3741240, which is
located in the 59 untranslated region of the CC16-encoding gene
SCGB1A1 (secretoglobin family 1A member 1) and is a known
protein quantitative trait locus for serum CC16 levels (9). Genetic
analyses were restricted to participants with both white (either
Hispanic or non-Hispanic) parents. We also evaluated maternal
age at delivery, parental education, and maternal and paternal
smoking both at enrollment (child’s birth) and at Year 6.
Participants completed confidential questionnaires on active

smoking starting at age 11 years. To rule out the possibility that the
effects of some early-life factors (particularly parental smoking) on
later serum CC16 levels were a result of confounding by active
smoking later in life, sensitivity analyses were completed with
further adjustment for cumulative pack-years of participants up to
age 32 years.

CC16 levels were log10 transformed to approximate normal
distribution. Longitudinal random effects models were used to
assess early-life factors for association with CC16 levels measured at
multiple ages up to 32 years. In these models, we used CC16 z-scores
so that coefficients of determinants represented their effects on
CC16 in SDs. An interaction term with survey year was tested for
each factor to determine whether its association with CC16 levels
varied at different ages.

Overall, 1,168 Tucson Children’s Respiratory Study
participants had CC16 measurements from at least one survey.
As compared with the remaining 78 participants, these
participants were more likely to be white and to have older
mothers and more educated parents. No other significant
differences were found.

CC16 levels increased from birth (geometric mean, 6.36 ng/ml)
to childhood (7.98, 7.57, and 8.42 ng/ml at Year 6, Year 11, and Year
16, respectively), and to adult life (11.28, 9.54, and 10.61 ng/ml at
Year 22, Year 26, and Year 32, respectively). We found intrasubject
tracking of CC16 levels across all ages. CC16 levels at birth were
weakly correlated with CC16 levels at all ages (Pearson correlation
coefficients between 0.33 and 0.38; all P values, 0.001). Postnatal
CC16 levels were moderately correlated across all ages (correlation
coefficients between 0.40 for Year 6–with–Year 32 correlation and
0.58 for Year 22–with–Year 26 correlation; all P values, 0.001).
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We found sex and rs3741240 to have the strongest effects on
CC16 levels (Figure 1). Sex was the only factor with a significant
interaction with survey year: females had higher levels than males
at age 6 years, but this relation reversed in adult life. In contrast, the
effects of rs3741240 on serum CC16 were consistent from birth to
age 32 years and explained between 10% (at birth) and 5% (at Year 16)
of the variability in CC16 levels.

Among other significant predictors, participants with both
Hispanic parents had lower CC16 levels than those with both non-
Hispanic white parents. In addition, we found direct effects of
maternal age at delivery and parental education and inverse effects
of maternal smoking at Year 6 (but not at birth) on CC16 levels.
These effects were relatively consistent across ages 6–32 years. Apart
from rs3741240, no other factor was associated with CC16 levels at
birth. Therefore, we limited the final multivariable random effects
models to postnatal CC16 levels between ages 6 and 32 years.
Table 1 summarizes results from the model including significant
early-life factors (model 1), the model further adding rs3741240
among covariates (model 2), and the model further adding the
time-dependent covariates height and cumulative pack-years
(model 3). Interestingly, in model 3, the inclusion of height as a
covariate affected the main effects of years, suggesting that the
increase of serum CC16 with age may be related to increasing
body/lung size with age. In contrast, although pack-years were
significantly associated with reduced serum CC16, their inclusion
in the model did not affect the coefficient of maternal smoking,
indicating that confounding by active smoking is unlikely. Overall,
determinants from models 2 and 3 explained 11% of the variability
of CC16 levels across ages 6–32 years.

This is the first study to model the natural trajectory of serum
CC16 from birth to 32 years, and to address systematically its
determinants in early life. In our population-based cohort, serum
CC16 levels increased from birth to childhood and into adulthood,
and significant intrasubject tracking of serum CC16 was present
across all ages. However, this tracking explained a minority of
the variability in serum CC16. Thus, other factors related to
environmental exposures, developmental processes, and/or lung
diseases are likely to also play a role in controlling serum CC16 levels.

The effects of host and parental factors on CC16 appeared
relatively consistent across all ages, with the notable exception of sex:
females had higher serum CC16 levels than males in childhood, but the
association reversed after adolescence. The reasons for these differences
are unclear, although they may be related to different patterns of lung
growth, the higher degree of dysanapsis in boys during childhood (10),
and/or regulation of SCGB1A1 by sex hormones (2). In any case, it is
noteworthy that this trend mirrors the inversion of the sex ratio in
asthma prevalence that occurs in the transition from childhood
(male. female) into adult life (male, female) (11).

In conclusion, in the largest prospective study on serum CC16 to
date, we have observed significant intrasubject tracking from birth up to
age 32 years and identified a set of genetic, host, and parental factors
that are associated with CC16 trajectories. Although the biological
functions and role of CC16 remain to be elucidated, the effects of these
early determinants should be taken into account when evaluating CC16
in early risk stratification for lung diseases. n
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