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Introduction: Previously, we found that reported infant rhinorrhea and watery eyes without 
a cold (RWWC) predicted school age exercise-induced wheeze, emergency department 
visits, and hospitalizations. These findings were independent of allergic sensitization, and 
we theorized that increased parasympathetic tone underlay the association. We also reported 
that increased heart-rate variability (HRV) in infants predicted wheeze in 2–3 year-olds. In 
a convenience sample of children participating in a birth cohort study, we tested the 
hypothesis that infants with RWWC would have elevated HRV, indicating increased para-
sympathetic tone.
Methods: RWWC symptoms since birth were queried for 3-month-old children. At 
4-months, HRV was assessed (root mean square of successive differences [RMSSD]) during 
a standardized infant–mother still-face paradigm, which included 2 minutes of mother/child 
play immediately followed by 2 minutes of the mother maintaining a still-face.
Results: Among participants (n=38), RWWC was common for girls (32%) and boys (21%). 
The children with the greatest decrease in RMSSD between play and still-face challenge 
(lowest tertile) had a higher prevalence of RWWC as compared with children in the higher 
tertiles (50% vs 16%, P=0.045). In a logistic regression model controlling for sex, age and 
time between HRV and RWWC assessment, children with greater decrease in HRV between 
play and still-face (lowest tertile) had greater odds of having RWWC (odds ratio=6.0, 
P=0.029).
Conclusion: In this relatively small study, we demonstrated greater decreases in HRV in 
response to a stressor among children with reported RWWC, suggesting that these children 
might have increased parasympathetic tone and/or overall greater vagal reactivity.
Keywords: watery eyes, still-face challenge, rhinitis, exercise-induced asthma, autonomic 
nervous system, heart rate variability

Plain Language Summary
Previously, we observed an association between exercise-induced wheeze asthma phenotype, 
independent of allergic sensitization, and urgent healthcare utilization for asthma among 
children in urban neighborhoods. This led to the further evaluation of mechanisms under-
lying this connection, including the autonomic nervous system’s role in exercise-induced 
wheeze. Rhinitis and watery eyes are well-known risk factors for development of asthma, 
which is commonly thought to be through an allergic pathway. However, the autonomic 
nervous system has been shown to be a cause of rhinitis and watery eyes due to increased 
response of the parasympathetic nervous system. We previously found that infant rhinorrhea 
and watery eyes reported without a cold (RWWC), predicted school age exercise-induced 
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wheeze, emergency department visits, and hospitalizations inde-
pendent of allergy. We also found that increased heart rate 
variability in infants predicted wheeze in toddlers. We therefore 
hypothesized that infants with rhinorrhea and watery eyes 
reported without a cold would have elevated heart rate 
variability.

In this study, we evaluated 38 infants. Parents reported on 
rhinorrhea and watery eyes without a cold. The infant’s heart rate 
variability was measured during a structured protocol that 
assessed infant stress response and autonomic nervous system 
function. We found greater decreases in heart rate variability 
among those infants with a report of RWWC as compared to 
infants without RWWC suggesting a possible increase in para-
sympathetic tone. This study adds to a growing body of literature 
to suggest a connection between infant autonomic nervous sys-
tem dysregulation and school age wheeze independent of the 
allergic asthma pathway.

Introduction
Rhinitis and watery eyes are well-known risk factors for 
asthma development.1,2 Although this link is thought to 
occur primarily through a common allergic pathway, stu-
dies have shown that non-allergic pathways related to 
parasympathetic nervous system (PNS) signaling can 
cause rhinorrhea and watery eyes through airway cooling 
(vasomotor rhinitis) and increased PNS response (rhinor-
rhea and watery eyes).3,4

We found that, among New York City (NYC) children, 
the occurrence of rhinorrhea and/or watery eyes without 
a cold (RWWC) in infancy predicted school-age exercise- 
induced wheeze (EIW), emergency department (ED) visits 
for asthma, and hospitalizations for difficulty breathing.5 

These findings were independent of allergic sensitization. 
In addition, among the same children we observed that 
prenatal exposure to pesticides and maternal stress, both of 
which can increase PNS signaling in infants,6,7 predicted 
infant RWWC.8,9 Furthermore, we observed that an indi-
cator of increased PNS activity, increased heart rate varia-
bility (HRV), measured in infancy predicted subsequent 
wheeze at age 2–3 years among children in a birth cohort 
in South Dakota.10 Most recently, we have observed that 
children wheezing at age 2–3 years had higher HRV 1–3 
years later, suggesting a persistence of increased PNS 
activity.11

Based on these findings, we hypothesized that infants 
with RWWC would have elevated HRV, indicating 
increased parasympathetic tone. We selected the root 
mean square of successive differences (RMSSD) and 
change in RMSSD as the primary outcomes because 

RMSSD is a time domain measure of HRV commonly 
used to estimate vagally mediated changes in HRV and 
thus reflects parasympathetic modulation.12 We tested this 
hypothesis among children participating in a prospective 
birth cohort study in NYC who underwent a standardized 
physiological challenge, the infant-mother still-face 
challenge.

Materials and Methods
A convenience sample of children were enrolled from the 
Fair Start Birth Cohort Study, an Environmental Influences 
on Child Health Outcomes study in NYC. Columbia 
University’s Institutional Review Board approved this 
study and it was conducted in accordance with the 
Declaration of Helsinki. Consenting mothers were 
informed about the purpose of the study.

At approximately 3 months of age, reports by the 
parent or guardian of RWWC symptoms were ascertained 
for the children since birth. Within 2 months of completing 
this questionnaire, we examined the HRV response to 
a standardized physiological challenge, the infant-mother 
still-face paradigm.13 HRV was measured during the stan-
dardized face-to-face still-face paradigm. Research work-
ers attached a Zephyr BioPatch (Medtronic Inc, 
Parsippany, NJ) to the child’s chest using the Zephyr 
Biopatch Side Strap before the challenge. The still-face 
challenge included successive episodes of 1) 2 minutes of 
mother/infant play, 2) 2 minutes during which the mother 
maintained a still-face, refraining from talking with, touch-
ing or smiling at the infant, and 3) a 2-minute reunion 
period where the mother resumes normal interactions with 
the child.13 The root mean square of successive differences 
(RMSSD) in inter-beat-intervals was calculated for each of 
the challenge episodes using methods described 
previously.14 RMSSD and changes in RMSSD were 
selected as the primary measures of HRV. We tested for 
differences in RMSSD among children with and without 
RWWC during each period and the change between play 
and the still-face period.

Results
Among participants (n=38), the mean age when the 
RWWC questionnaire was administered was 116 days 
(Table 1). The mean age at the still-face challenge was 
135 days. The average time between administering the 
questionnaire and the still-face challenge was 19 days. 
Report of RWWC was common for girls (32%) and 
boys (21%).
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The median RMSSD during the baseline play episode 
and the still-face episode were not statistically significantly 
different among children with and without RWWC 
(Table 1). The median change in RMSSD was statistically 
significantly lower (ie, greater decrease) among the children 
with as compared to children without RWWC (P=0.047).

The prevalence RWWC was not statistically signifi-
cantly different among children with the lowest, middle 
or highest tertile of RMSSD during the mother/infant play 
episode (17%, 31%, 31%, respectively, P=0.66), nor dur-
ing the 2 minutes episode of the mother maintaining a still- 
face (17%, 43%, 17%, P=0.21). However, the children 
with the greatest decrease in RMSSD between play and 
still-face challenge had a higher prevalence of RWWC 
(Figure 1). In a logistic regression model controlling for 
sex, HRV assessment age and time between HRV and 
RWWC assessment, children in the tertile with the greatest 
decrease in HRV between play and still-face had greater 
odds of having RWWC as compared with the other two 
tertiles of children [OR=6.0 (95% CI=1.2–30), P=0.029].

Discussion
We observed that infants with increased HRV response 
were more likely to have had a report of rhinorrhea and/ 
or watery eyes symptoms in the absence of a cold. These 
findings suggest that PNS signaling may underlie infant 
RWWC for some children. Based on our previous findings 
and those from this pilot study, it appears as though this 
altered autonomic nervous system (ANS) activity in 
infancy manifests as RWWC and predicts the development 
of exercise-induced wheeze (EIW) at school age (Figure 2) 
as we describe in greater detail below.

Although regulation of the ANS is key to asthma patho-
physiology (eg, vagal control of bronchial smooth muscle 
tone, blockage of bronchial hyperreactivity with anti- 

cholinergic agents), the importance of ANS dysregulation 
to asthma pathogenesis is underappreciated.7,15,16 For 
example, “nerves” are not mentioned in a recently released 
322-page Guidelines for Diagnosing and Management of 
Asthma.16,17 EIW, which is both a specific asthma pheno-
type and a symptom indicating suboptimal control of 
asthma, may be a manifestation of ANS dysfunction related 
to increased activity in the parasympathetic arm of the ANS 
in response to dehydration and osmolar changes.18,19 Our 
interest in studying an ANS pathway leading to EIW came 
from observations of associations between EIW and urgent 
medical visits for asthma among NYC children that were 
independent of established markers of asthma severity, 
including lung function and frequent asthma symptoms, 

Table 1 Characteristics and HRV Outcomes Among Children Without and With RWWC

Report of Rhinorrhea and/or Watery Eyes 
without Cold

P value

No (n=28) Yes (n=10)

Female sex, n [%] 13 [46] 6 [60] 0.46
Mean age at RWWC assessment (days) [minimum – maximum] 118 [92–142] 112 [86–144] 0.41

Mean age at HRV assessment (days) [minimum – maximum] 135 [125–157] 136 [126–144] 0.59

Time between assessment of RWWC and HRV (days) [minimum – maximum] 17 [0–51] 24 [0–55] 0.31
Median RMSSD during play episode (ms) 0.012 0.014 0.40

Median RMSSD during still-face episode (ms) 0.010 0.011 0.81

Median change in RMSSD between play and still face episodes (ms) 0.0 −0.0036 0.047

Figure 1 Prevalence of rhinorrhea/watery eyes without colds (RWWC) at age 3 
months by tertile of change in heart rate variability (root mean square of the 
successive differences: RMSSD) measured between play and still-face challenge 
(n=38). Children with the greatest decrease in HRV were the most likely to have 
had a report of RWWC.
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and not related to allergic sensitization.5,20 Collectively, 
these findings suggested that an EIW phenotype, indepen-
dent of allergy, could account for a significant proportion of 
the ED visits and hospitalizations for asthma that afflict 
children living in lower-income neighborhoods.20

Rhinitis and watery eyes are well-known risk factors 
for subsequent asthma development.2 Although the link 
between rhinitis and watery eyes and subsequent asthma 
is thought to occur primarily through a common allergic 
pathway, studies have shown that non-allergic pathways 
related to parasympathetic nervous system (PNS) signaling 
can cause rhinitis and watery eyes through airway cooling 
(vasomotor rhinitis) and increased PNS response (rhinor-
rhea and watery eyes).3,4 Therefore, rhinitis, watery eyes, 
and EIW may share physiological responses independent 
of an allergic immune response. Among children partici-
pating in the Columbia Center for Children’s 
Environmental Health prospective birth cohort of children 
living in lower-income NYC communities, we found that 
the occurrence of RWWC in infancy predicted school-age 
EIW (relative risk [RR]=2.8, P<0.001), ED visits (RR=1.8, 
P=0.001), and hospitalizations (RR=9.8, P=0.002), inde-
pendent of allergic sensitization.5 In addition, infant 
RWWC was predicted by prenatal exposure to pesticides 
(P<0.01) and maternal stress (P<0.01), both of which can 
alter PNS signaling in infants.7,9,21 Furthermore, we 
recently reported that increased high-frequency heart rate 
variability (HF-HRV), an indicator of increased PNS activ-
ity, measured in infancy, predicted wheeze at age 2–3 
years in children.22 Our current study provides additional 
evidence to suggest that infants with altered PNS signaling 
may manifest this through increased HRV and RWWC, 
which in turn could potentially serve as a means to identify 
and survey young children at greater risk of asthma symp-
toms (Figure 2).

We are unaware of other studies investigating the ANS 
and infant rhinorrhea. A relatively small study of older 
children (mean age 12 years) compared children with 
allergic rhinitis to healthy controls and found that children 
with allergic rhinitis had statistically significantly higher 
RMSSD and HF-HRV.23 A second study of children 
aged 7–12 years also found that children with allergic 
rhinitis had higher heart rate variability measures asso-
ciated with parasympathetic control.24 Both studies found 
inverse correlations between rhinitis symptom frequency 
and HRV. Similarly, in a study among adults, individuals 
with allergic rhinitis had statistically significantly higher 
HF-HRV than healthy controls, and total nasal symptoms 
were inversely correlated with HF-HRV.25 It is important 
to point out that these latter studies did not examine 
children or adults with non-allergic rhinitis. It has been 
hypothesized that some phenotypes of non-allergic rhinitis 
have underlying mechanisms with increased PNS respon-
siveness or an imbalance of the PNS and sympathetic 
nervous system.26 A study in adults examined vasomotor 
rhinitis, a type of non-allergic rhinitis, and found increased 
indicators of the PNS responsiveness.27 Because inhalant 
allergen sensitization develops later in childhood, it is 
unlikely that the children in our study have allergy to 
inhalant allergens. Also, our prior findings showing that 
infant RWWC predicted school age EIW was observed 
independent of allergic sensitization status.5 Therefore, 
there is some compelling evidence connecting rhinorrhea 
to increased PNS responsiveness, but more work needs to 
be done to understand the relevance in infancy and among 
non-allergic rhinitis.

A limitation of this study was that RWWC was ascer-
tained via questionnaire. Diagnostic testing or physician 
assessment to rule out infectious etiologies of RWWC were 
not performed. Thus, children with rhinorrhea and a cold 

Figure 2 Hypothesized connection between autonomic dysregulation in infancy and airway hyperreactivity at school age. Components tested in this analysis are shown in 
red.
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could have been misclassified as having RWWC. However, 
in a previous study of children in NYC, we reported that in 
the first year of life, 32% of the children had a report of runny 
nose without a cold, while virtually all of the children (98%) 
had a report of runny nose with a cold for the same time 
period.5 As we describe in a previous paragraph, infant 
RWWC in that cohort was predicted by exposures that can 
modulate an infant’s ANS (eg, maternal stress and pesticide 
exposure) and also predicted subsequent exercise induced 
asthma, which may have an underlying PNS mechanism. 
These prior findings and the findings from this relatively 
small pilot study support RWWC as a symptom of interest 
in future research studies even though it is not a clinically 
relevant outcome on its own. Future studies should test for 
current infection during episodes of RWWC to validate the 
lack of current infection.

There are other limitations of the study. The timing of 
questionnaire data on RWWC and HRV data collection 
varied among patients within a 2-month window. It is 
possible that an episode of RWWC may influence HRV 
data. The population studied comes from communities 
with high risk of developing asthma, EIW and emergency 
department visits for asthma. As such, the findings from 
this study may not be generalizable to other populations. 
Importantly, this is a pilot study with a relatively small 
sample size. The findings need to be confirmed in future 
studies with a larger sample size.

Conclusions
In this pilot study, we demonstrated greater decreases in 
HRV in response to a stressor among children with 
reported RWWC, suggesting that these children might 
have increased parasympathetic tone and/or overall greater 
vagal reactivity.

Abbreviations
ANS, autonomic nervous system; CCCEH, Columbia 
Center for Children’s Environmental Health; ED, emer-
gency department; ETS, environmental tobacco smoke; 
HF-HRV, high frequency variation in heart rate; HRV, 
heart rate variability; PR, prevalence ratio; RR, relative 
risk; RWWC, rhinorrhea and watery eyes without a cold.
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