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Twenty-four hour pattern in symptom
intensity of viral and allergic rhinitis:
Treatment implications

Michael H. Smolensky, PhD,? Alain Reinberg, MD,* and
Gaston Labrecque, PhD° Houston, Texas, Paris, France, and Quebec, Canada

The symptoms of rhinorrhea secondary to influenza and cold virus or seasonal and perennial
allergic rhinitis are circadian rhythmic. Cough frequency and handkerchief use by persons
suffering from virus-induced rhinorrhea are more prominent during the daytime, especially
during the initial hours after awakening from nocturnal sleep. The elevation in sublingual
temperature as well as the decrement in mental alertness associated with influenza in
particular are more profound at this time. Sneezing, blocked nose, and runny nose secondary
to allergic rhinitis are also greater in intensity during the morning in approximately 70% of
sufferers. The day-night variation in symptom intensity amounts to approximately 20% of the
24-hour mean level. The treatment of these diseases and their symptoms has traditionally
involved equal-interval, equal-dose (homeostatic) medication schedules. The effects of
antihistamine and antiinflammatory medicines may be enhanced by timing them to the day-
night temporal pattern in symptom manifestation and intensity to achieve an optimization of
their beneficial effects with control of toxicity, that is, as a chronotherapy. (J ALLERGY CLIN

IMMUNOL 1995,95:1084-96.)

Key words: Circadian rhythms, colds, influenza, allergic rhinitis, rhinorrhea,

chronotherapeutics

Biological functions are not constant over time
as implied by the concept of homeostasis. Instead
they undergo predictable and thus rhythmic varia-
tion over specific time domains—the 24 hours,
month, and year, for example. Biological processes
exhibit a rather precise time structure defined by
both the totality of cycles of various period dura-
tions and the phase relationships (peak and trough
times) of the rhythmic functions of the same
period.::2 Chronobiology is the science concerned
with the study of biological rhythms, their mecha-
nisms, and the bioclocks that drive them. Chrono-
biological investigations demonstrate that the bio-
logical time structure is an endogenous, genetic
trait.>> Rhythms are coordinated by specialized
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pacemaker clocks located in different tissues and
organs of the body with the suprachiasmatic nuclei
of the hypothalamus thought to be of greatest
importance.®® Specific environmental time cues
serve to set or reset endogenous biological clocks
on a day-to-day basis.”»2 %10 In human beings the
environmental light-dark cycle in conjunction with
the daily schedule of activity and rest serve as
primary time cues (synchronizers) of 24-hour
rhythms.>-*

Circadian (circa = about; dies = a day) rhythms
in particular are of critical importance in medicine.
The findings of commonly performed diagnostic
procedures, including blood pressure measure-
ment, pulmonary function assessment, cutaneous
allergy testing, and blood withdrawal for labora-
tory chemistry determinations, are strongly influ-
enced by when they arc done with regard to the
circadian time structure.'>> Moreover, both the
pharmacokinetics and dynamics of most classes of
medications are dependent on circadian rhythmic
phenomena of the gastrointestinal tract and other
organs.'® Thus the kinetics and effects of medica-
tions can be very different when administered in
the morning versus the evening.’’-*° Finally, many
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TABLE I. Mean (= standard error) use of handkerchiefs by cold and influenza sufferers by clock

time*
Clock times
Type of No. of Study
virus subjects days 8-11 Am 11 Am-2 Pm 2-5 pm 5-8 pm 8-11 pm
Cold 19 1 and 2 4.6 = 0.7 3609 37210 3.6 =09 40x0.6
Cold 19 3 and 4 48 + 1.1 2.8 +0.8 2.8 *+1.0 1.8+ 1.0 1.8 £ 0.6
Influenza 3 All 71 £28 1.9 £0.6 22+12 1.9+1.2 3724

Data from Smith A, et al. Chronobiol Intern 1988;5:441..

* By analysis of variance, time-of-day differences in handkerchief use were statistically significant (p < 0.05) for symptomatic days

1 and 2 and 3 and 4 by cold and by influenza sufferers.

discases are affected by the circadian time struc-
ture, which leads to prominent 24-hour patterns in
their manifestation and exacerbation. Asthma?
and ulcer?! disease tend to worsen or occur only at
night; migraine headache,?? rheumatoid arthritis,?
exertional angina,®* myocardial infarction,” and
thrombotic stroke?® are most common or more
severe during the initial hours of diurnal activity.!
Studies pertaining to the pathophysiology of these
and other diseases are typically conducted during
the daytime at the convenience of both the inves-
tigators and subjects. The findings of daytime-
conducted studies, however, may not be represen-
tative, especially for those disorders that worsen or
occur during the nighttime.

The chronobiology of asthma has been the sub-
ject of scientific investigation for more than 30
years. Most patients are prone to nocturnal exac-
erbations of dyspnea. Circadian rhythms in endo-
crine function, the autonomic nervous system, and
airway inflammation are contributory.?’° The signs
and symptoms of infectious and allergic rhinitis are
likely to be affected by these and other circadian
functions and processes. The purpose of this article
is to (1) review the evidence of circadian rhythms
in the occurrence and severity of rhinorrhea and
(2) examine circadian rhythm-based treatment
strategies for improving the pharmacotherapy of
viral and allergic rhinitis.

DAY-NIGHT PATTERNS IN COLD AND
INFLUENZA SYMPTOMS

Temporal variation in the severity of cold and
influenza symptoms has been little studied. Indeed,
only two published reports could be located by a
thorough review of the medical literature pub-
lished during the past 20 years. The investigations
of Smith et al.?” focused on the day-night pattern in
symptom intensity of individuals challenged with
cold or influenza viruses. Healthy volunteers with-
out a history of allergic rhinitis, respiratory or

other organic disease, and free of medication use
served as subjects. Volunteers were quarantined
for 3 days to ensure absence of infection. There-
after, nasal drops containing either influenza B,
corona virus or rhinoviruses RV2 and RV9, or
saline as placebo were administered to different
persons in a double-blind manner. After a 2- to
3-day incubation period while residing in a special
study unit, subjects were assessed for signs and
symptoms of infectious disease. Handkerchief use
and sublingual temperature were assessed at spe-
cific times during the day and evening by subjects
who had symptoms of the cold viruses. In addition,
mental alertness was self-assessed four times daily
by those who had symptoms of influenza B virus.

Colds

Ten volunteers developed moderate to mild cold
symptoms after challenge with the rhinoviruses,
and nine others developed primarily mild cold
symptoms after provocation with the corona virus.
Analysis of variance confirmed a statistically sig-
nificant (p < 0.05) difference in the number of
handkerchiefs used daily when subjects were symp-
tomatic. Handkerchief use increased during the
first 2 days of symptoms and gradually declined
during the subsequent two. Handkerchief use was
not random throughout the hours of daily activity
(p < 0.05). It was most prominent in the morning
after awakening, between 8:00 and 11:00 am, and
less so during the afternoon (Table I). On average,
tissue use was more than twofold greater in the
morning than in the afternoon or early evening
during the last 2 days of symptoms. The cold virus
had no effect on the circadian rhythm of sublingual
temperature or mental alertness.

Kuhn et al.?® assessed the circadian pattern of
cough in 65 diurnally active university students
suffering from acute respiratory illness, presum-
ably the common cold. Participants had symptoms
for no longer than 48 hour when studied. Cough
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FIG. 1. Circadian rhythm of cough frequency in groups of
cold sufferers studied for 24 hours before and 36 hours
during treatment with placebo or guaifenesin (400 mg)
syrup four times daily at 6-hour intervals. Cough frequency
is greater in the morning and afternoon than overnight.
Sloping line depicts average rate of decline in cough fre-
quency over 80 hours around which 24-hour variability is
manifested. (Redrawn from Kuhn JJ, Hendley JO, Ad-
ams KF, et al. Antitussive effect of guaifensein in young
adults with natural colds. Chest 1982;82:713-8.)

frequency was determined by an audiorecording
method. The total number of coughs was reported
at 6-hour intervals during a 24-hour control base-
line period and thereafter during treatment with
guaifenesin (400 mg) or placebo every 6 hours for
an additional 36 hours. Cough frequency was high-
est during the hours of activity and lowest over-
night during the baseline period as well as during
placebo and guaifenesin treatment (Fig. 1).

Influenza

Smith et al.?’ studied nine volunteers, all wo-
men, who developed significant illness after chal-
lenge with influenza B virus. Data on handkerchief
use, although restricted to three participants,
showed prominent temporal variability (p < 0.05).
Tissue use was greatest in the morning between
8:00 and 11:00 am and lowest during the afternoon,
with a moderate increase late in the evening (Table
I). The number of tissues used in the morning was
about threefold greater than in the afternoon or
early evening. Moreover, the 24-hour mean sublin-
gual temperature on symptomatic days was signif-
icantly increased over that of prechallenge baseline
days (p < 0.05). The morning (8:00 am) tempera-
ture was most affected by the viral infection (Table
IT). Alertness ratings during the symptomatic days
were significantly reduced in comparison with the
prechallenge baseline level (p < 0.05). Again, the

J ALLERGY CLIN IMMUNOL
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effect was greatest at 8:00 AM. At this time alertness
was reduced by 42% from the baseline value.

DAY-NIGHT PATTERN IN ALLERGIC
RHINITIS

Patients who suffer from seasonal and perennial
allergic rhinitis often complain of disturbed sleep
at night as well as troublesome symptoms in the
morning on awakening. Although patients and
allergists are familiar with the evolution of symp-
toms during the 24 hours, relatively few medical
publications have addressed their circadian pat-
terns. Trousseau® in 1865 was the first to write
about the prominent morning manifestation and
intensity of nasal symptoms. His observations on
the clock-time patterning of symptoms led him to
conclude that allergic rhinitis is a form of asthma
that affects the nose (“L’asthme du nez”).

The quantitative study of the temporal variation
in allergic rhinitis commenced during the 1970s.
Nicholson and Bogie®® in Great Britain were ap-
parently the first to assess the diurnal (daytime)
variation in the commencement of “hay fever”
symptoms. They used random location sampling to
survey 2042 individuals. By questionnaire, the in-
vestigators identified so-called “hay fever” suffer-
ers and their most troublesome symptoms (sneez-
ing, wheezing, red itchy eyes, or stuffy nose).
Specific questions solicited information about the
time of day (before breakfast, in the morning,
around lunch time, during the afternoon, in the
evening, while in bed at night, or do not know) the
most troublesome symptom began or was worst?
Unfortunately, no information was ascertained
about the use and scheduling of allergy or other
medications.

A total of 246 persons were identified as “hay
fever” sufferers. The most frequently reported
main symptom was sneezing (82%), with “stuffy
nose” (56%) and “red itchy eyes” (46%) next in
prominence. Commencement of each of these
symptoms was most frequent before breakfast and
during the morning and least so during the middle
of the day and late in the afternoon (Fig. 2).
Wheeze and cough were experienced by 20% of
the respondents. These symptoms, which are more
indicative of asthma than rhinitis, occurred mostly
while in bed at night and in the morning. Approx-
imately 75% of the sample indicated that their
most troublesome symptom was worse either in the
evening while in bed at night or in the morning at
the start of the activity period.

In 1982 Binder et al.! reported on the day-night
distribution of symptoms in 512 Finnish persons
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FIG. 2. Day-night distribution of onset of “hay fever” symptoms by 246 presumably diurnally
active British sufferers. Data obtained by survey gquestionnaire show that nasal and eye
symptoms commence most commonly in the morning; this is not the case for cough and
wheeze. (From Nicholson PA, Bogie W. Curr Med Res Opin 1973;1:395-401.)

TABLE ll. Mean (= standard error) sublingual temperature and alertness self-ratings of influenza
sufferers by clock time during baseline and symptomatic days*

Clock time
Study No. of Experimental
variable subjects condition 8 Am Noon 5 pm 10 pm
Temperature 9 Baseline 36.27 + 0.08 36.63 £0.09 36,55+ 0.11 36.80 + 0.10
Temperature 9 Symptomatic 3726 2023 3707021 37.12x0.24 3718 £0.22
Alertness 9 Baseline 40.80 = 3.7 58.10 = 6.0 60.30 = 6.0 4940 £ 5.5
Alertness 9 Symptomatic 23.60 = 4.0 5240 6.0 5140 =55 3870 %55

Data from Smith A, et al. Chronobiol Intern 1988;5:441.

* Temperature in units of °C; alertness in arbitrary units of a visual analog scale (the greater the score the greater the self-rated
alertness). Difference in 24-hour mean of temperature and alertness between baseline and symptomatic days significant by analysis
of variance (p < 0.05). Significant interaction between time of day and experimental condition is indicative of a shift in maximal
temperature from the evening during baseline condition to the morning during illness.

with a history of perennial allergic rhinitis and 462
others suffering from seasonal rhinitis. More than
90% of each group had experienced nasal allergy
for at least a year; more than 50% had a 5-year or
longer history of disease. No data were reported
about the type and schedule of medication used for
nasal allergy by the participants. Recall informa-
tion pertaining to the dominating symptoms of
nasal allergy and the time during the day when
they were severest was obtained by questionnaire.

As in the Nicholson and Bogie study,® sneezing
was the most common major complaint of patients
with both seasonal rhinitis (55%) and perennial
(42%) rhinitis. Nasal stuffiness and drainage were
the next most frequent main symptoms; they were
experienced by 16% to 26% of participants. About
10% experienced dyspnea as the main symptom.
Again, the morning was the most difficult time of

the day for the sufferers regardless of the study
group. Most patients with seasonal rhinitis (56%)
and perennial (66%) rhinitis reported that their
most severe symptom occurred in the morning;
relatively few recalled their most severe symptom
occurring during the evening or night (Fig. 3).
Investigations by Reinberg et al.>? in 1988 were
concerned with quantifying the nature and magni-
tude of the day-night variation in the symptom
intensity of allergic rhinitis. The epidemiologic
study involved 17 centers throughout France. The
diagnosis of allergic rhinitis was based on conven-
tional clinical criteria: positive skin reactions to
antigens, total and differential white cell count,
immunoglobulin E concentration, and medical his-
tory. A total of 765 persons participated. Each
self-assessed the severity of their symptoms using
visual analog scales at least four times daily—on



1088 Smolensky, Reinberg, and Labrecque

Morning
Day-Time

Evening

TIME OF DAY

Night

No Difference

J ALLERGY CLIN IMMUNOL
MAY 1985

65.7

| seasonal-Rhinitis

| Perennial-Rhinitis

T L) T L N |

40 50 60 70 80

PERCENT

FIG. 3. Day-night pattern in occurrence of most severe symptom of presumably diurnally active
Finnish patients suffering from seasonal and perennial rhinitis. Data obtained by anamnestic
recall demonstrate that the most difficult time of day is the morning for most persons. (From
Binder E, et al. Allergy 1982;37:389-96. © 1982 by Munksgaard International Publishers Ltd.,

Copenhagan, Denmark.)

awakening in the morning, before lunch and din-
ner, and before retiring to bed for nighttime sleep.
Participants were to forego the use of all medica-
tions starting 2 days before and until completion of
the 7-day span of data collection.

The times of self-assessments by the 765 partic-
ipants were distributed almost equally between the
hours of 6:00 aM and midnight. Graphs of the
3-hour averages of symptom intensity scores show
the prominent day-night variation in the severity of
sneezing as well as blocked and runny nose (Fig.
4). All the symptoms were worse in the morning at
the start of the activity period. However, a second,
less prominent evening peak in symptom intensity
was also apparent. The magnitude of the day-night
variation in the other surveyed symptoms—eye
irritation, itchy nose, cough, and dyspnea—was
trivial. This pattern was comparable in men and
women, smokers, and nonsmokers, and in patients
with recent and long-term history of the disease.

An objective assessment of the circadian rhyth-
micity in each symptom was achieved by cosinor
analysis.>® The time series data were approximated
by a 24-hour in-period cosine curve by the method
of least squares to statistically validate circadian
rhythmicity by the zero-amplitude test. If rhythm
detection was documented, it was described by the
following parameters: the mesor, M (midline esti-
mating statistic of rhythm, a rhythm-adjusted
24-hour mean); amplitude, A (one-half the peak-
to-trough variation due to rhythmicity), and ac-
rophase, ¢ (peak time referenced to local midnight
of the approximating cosine curve).

By cosinor analysis statistically significant circa-

dian rhythms were validated for the symptoms of
sneezing plus blocked and runny nose (Table III).
The acrophase of the rhythms was comparable and
ranged between 5:00 am (blocked nose) to 6:45 am
(runny nose). The double amplitude, 2A, represen-
tative of the entire 24-hour peak-to-trough varia-
tion in symptom intensity, was appreciable. The
double amplitude for the rhythms in sneezing and
blocked nose amounted to 23% M (the rhythm-
adjusted 24-hour average of all the ratings). For
runny nose it was slightly less, around 18% M. The
symptoms of itchy nose, eye irritation, cough, and
dyspnea were not circadian rhythmic by cosinor
analysis.

CIRCADIAN RHYTHMS IN RHINORRHEA:
TREATMENT IMPLICATIONS

The pharmacokinetics and dynamics of many
medications are circadian rhythm dependent. The
science of chronopharmacology is concerned with
the influences of circadian and other rhythms of
the gastrointestinal tract, liver, kidney, and other
organs on the absorption, distribution, elimination,
and effects of medications.'”?® Administration—
time-dependent differences in the pharmacokinet-
ics of a second-generation H;-receptor antagonist,
mequitazine, were demonstrated by Reinberg et
al.3* In addition, the duration and the time to peak
effect after administration of a first-generation
antihistamine, cyproheptadine, and three other
commonly prescribed H;-receptor antagonists,
mequitazine, clemastine, and terfenadine (Fig. 5),
were shown to vary according to administration
time with reference to circadian rhythms,3> 3¢
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FIG. 4. Day-night variation in occurrence and intensity of allergic rhinitis in 765 diurnally active
French study participants. Data were obtained by self-assessment of symptom intensity four
times daily with visual analog scales. Morning prominent and evening secondary peaks in nasal
symptoms are evident in both men and women (left) and smokers and nonsmokers. (From
Reinberg A, et al. J ALLERGY CLIN IMMUNOL 1988;81:51-62.)
TABLE HI. Circadian change in symptom intensity of 765 patients allergic rhinitis*
Amplitude, A Acrophase, o
Type of Rhythm Mesor mean
symptom detection, p + SEM (95% confidence limits)
Sneezing < 0.001 746 = 0.13 0.87 (0.21-1.43) 06:00 (02:54-09:06)
Biocked nose < 0.001 10.05 = 0.14 1.13 (0.51-1.75) 05:00 (03:24-06:36)
Runny nose < 0.001 10.27 = 0.14 0.93 (0.28-1.48) 06:42 (03:48-09:36)

Data from Reinberg A, et al. ] ALLERGY CLIN ImMUNOL 1988;81:51-62.
* Mesor (rhythm-adjusted mean), amplitude (one-half peak-trough variation), and acrophase (peak time) of approximated 24-hour
cosine curve. M and A in arbitrary units from analog scales; acrophase expressed as hours and minutes referenced to local

midnight.

Traditionally, the treatment of human disease
involves multiple or once-a-day equal-interval,
equal-dose strategies to achieve the homeostatic
goal of constancy of blood and tissue drug concen-
trations. We refer to these as homeostatic treat-
ment strategies. However, the need for medication
may not be constant throughout the 24 hours.
Many chronic diseases, such as rheumatoid and
osteoarthritis,?® ischemic heart disease,?*2¢ asth-
ma,’* 2% and ulcer disease,?’ for example, exhibit

rather predictable variations in their occurrence or
severity over a 24-hour period. The symptoms of
infectious and allergic rhinitis also undergo pre-
dictable day-night variability; in most patients they
are most intense in the morning upon arising from
sleep and least troublesome in the afternoon. The
demonstration of circadian patterns in the mani-
festation and intensity of human diseases, includ-
ing rhinitis, suggests that the requirement for
medication is not the same throughout the 24
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FIG. 5. Administration-time (7:00 am versus 7:00 pm) differences in terfenadine- and clemastine-
induced inhibition of local cutaneous reaction to intradermally injected histamine (2 «g/0.1 ml).
Double-blind protocol was used to test medication effects. Strength of antihistamine effect
according to treatment time and dose is expressed as clock-time difference in cutaneous
response to histamine during antihistamine versus placebo treatments. Antihistamine effect was
longer in a dose-dependent manner when medications were ingested in the morning. Magni-
tude of peak effect was greater in a dose-dependent manner after evening treatment. (From
Reinberg A, et al. Eur J Clin Pharmacol 1976;14:245-52, by permission of Elsevier Science

Publishers.)

hours. Indeed, the enhancement of the desired
effects of medications or the control of their ad-
verse reactions can be accomplished by adminis-
tering them with reference to the biologic time
structure of disease processes.”? 18

The chronotherapy of antihistamines

The chronotherapy of allergic rhinitis with a
second-generation H,-receptor antagonist (mequi-
tazine, Pharmuka, France) was explored through a
large multicenter study conducted by Reinberg et

al. in France.?® ¥ Different doses and regimens of
mequitazine were administered in the morning and
evening to comparable groups of diurnally active
adult patients with allergic rhinitis. Participants
conducted self-assessments of symptom intensity
four times daily for 7 consecutive days to quantify
the effect of the treatment regimen. Mequitazine
was most effective in moderating the morning peak
and overall 24-hour level of symptom intensity of
allergic rhinitis when two thirds or all the 7.5 or 10
mg daily dose was ingested around dinner time.
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FIG. 6. Time-dependent effects of 7.6 mg of antihistamine mequitazine (Pharmaka, France)
administered in unequal morning {breakfast, B) and evening (dinner, D) doses for allergic
rhinitis. When all or most of the daily dose of mequitazine was ingested in the evening, there
was enhancement of drug effect. (From Reinberg A. Chronopharmacology of H;-antihistamines.
In: Lemmer BJ, ed. Chronopharmacology: cellular and biochemical interactions. New York:
Marcel Dekker, 1989:115-35, by courtesy of Marcel Dekker.)

The medication was least effective when most of or
all the daily dose was administered in the morning
around breakfast time (Fig. 6). Evening adminis-
tration (10 mg) was especially effective in patients
who exhibited predominantly morning symptoms
(Fig. 7). No sedative effect was observed. More-
over, one of the major side effects of the medica-
tion, dry mouth, was minimized or completely
averted by the evening dosing schedules.®®*” The
chronotherapy of mequitazine for allergic rhinitis
entails a daily treatment regimen in which all or most
of the daily dose is administered in the evening.
Comparable study of other antihistaminic or
decongestant medications is unknown. One com-

pany (Ferndale Laboratories) recommends that its
decongestant-antihistamine product, Kronofed (60
mg pseudoephedrine and 4 mg chlorpheniramine)
be taken in unequal doses, one third the daily dose
in the morning and the remaining two thirds
before bedtime. The rationale for this administra-
tion schedule appears be based on the fact that
first-generation H,-antagonists exert a sedating
effect; the greater evening dose helps induce sleep
at night. However, the unequal dosing strategy
might be more beneficial for the controi of the
disease than the equal-interval, equal-dose regi-
men, since it takes into account the circadian
rhythmic aspects of allergic rhinitis.
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FIG. 7. Differential effect of 10 mg of mequitazine as a once-daily evening versus morning
strategy for treatment of allergic rhinitis in a group of 98 diurnally active adult patients with
history of very prominent morning symptoms. Treatment effects were evaluated by self-
assessments of symptoms with visual analog scales four times daily during a 7-day period.
Evening in comparison with morning ingestion of antihistamine resulted in a statistically
significant (p < 0.005) better control of symptoms. (From Reinberg A. Chronopharmacology of
H,-antihistamines. In: Lemmer BJ, ed. Chronopharmacology: cellular and biochemical interac-
tions. New York: Marcel Dekker, 1989:115-35, by permission of Marcel Dekker.}

Corticosteroids

Daily and alternate-day morning tablet cortico-
therapy with methylprednisolone was initially pop-
ularized during the 1960s; this constituted the first
attempt to apply a chronotherapeutic strategy in
clinical practice.® In Europe another corticoste-
roid chronotherapy has been marketed.*® % It con-
sists of giving two thirds the daily steroid dose at
breakfast time (8:00 am) and the remaining one
third at 3:00 pM (about 8 hours into the activity
span). The rationale for the chronotherapy of
corticosteroids is the extensive amount of research
demonstrating that the suppression of the hypo-
thalamic-pituitary-adrenocortical axis is dependent
on the circadian timing of synthetic corticosteroid
hormones.*!** Doses timed during the initial hours
of the activity span, which correspond in time to
the peak plasma cortisol level, are less adrenal
suppressive than are those timed late in the
evening or at night when the endogenous hormone
level is low. Because supper and bedtime adminis-
tration of tablet corticosteroids poses an clevated
risk of hypothalamic-pituitary-adrenocortical sup-
pression and perhaps other side effects, equal-
interval, equal-dose (three to four-times daily)
homeostatic treatment regimens are not recom-
mended as a long-term treatment strategy.**>** In

addition, morning and mid-day corticosteroid tab-
let administration is more effective in treating
nocturnal asthma than is evening administra-
tion.3% 42

The use of tablet corticotherapy in the long-term
management of rhinorrhea is a relatively uncom-
mon practice except for the most severe cases.
Topical corticosteroid aerosols are much more
popular. Research on the chronotherapy of aerosol
corticosteroids is just commencing.**4° Initial
studies on asthmatic patients have been conducted
recently by Pincus et al.*® In their studies once-
daily afternoon (3:00 pm), high-dose aerosol corti-
cotherapy was more effective on lung function than
once-daily morning (8:00 am) or evening (8:00 pm)
timings. Exploration of the chronotherapy of top-
ical corticosteroids for rhinorrhea is apparently yet
to be initiated.

Ipratropium bromide

An administration-time-dependent effect of
aerosolized ipratropium bromide on pulmonary
function was demonstrated by Gaultier et al.*® The
effect of 80 g of the drug on airway resistance and
dynamic compliance of the lung was assessed in
seven diurnally active healthy children. Assess-
ments were conducted at four different times of
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day: 7:30 am, 11:30 am, 4:30 pM, and 10:30 pm, with
the order of treatment timings randomized be-
tween subjects. Ipratropium bromide was most
effective in reducing airway resistance when it was
inhaled in the morning at 7:30 am. The 80 pg dose
had little impact on airway resistance when given
at 10:30 pm; however, a dose of 200 pg was effective
at this time. The effect of ipratropium bromide on
dynamic lung compliance was also administration
time dependent. It was greatest at 10:30 pm; at all
other times of the day 80 pg of the drug had little
or no influence on this pulmonary function mea-
sure. The results of this study are consistent with
the hypothesis that vagal tone is circadian rhythmic
and predominates at night.*

DISCUSSION

The investigation of circadian rhythms in disease
requires the standardization and control of certain
study variables. The staging of endogenous 24-
hour rhythms is accomplished by one’s daily activ-
ity (in light) and sleep (during darkness) routine.
Night workers adhere to a different clock-hour
schedule of sleep and activity than do day workers.
Shiftworkers undergo readjustment of their circa-
dian time structure with each rotation that entails
alteration of the sleep-wake pattern. In the major-
ity of studies on rhinorrhea, there was no standard-
ization of the sleep-wake synchronizer schedule of
circadian rhythms, nor was there mention of the
subjects’ sleep-wake routine. In addition, informa-
tion on medication use was oftentimes lacking or
incomplete. Even when it was known that patients
received medication to manage allergic rhinitis,
the dose and schedule of the medications were not
always specified. In spite of these drawbacks in
investigative methods, prominent day-night pat-
terns in the symptoms of both viral and allergic
rhinitis were detected. In the case of allergic rhinitis,
the circadian variability was documented in studies
conducted in different counties, in women and men,
in the young and elderly, in smokers and nonsmok-
ers, in newly diagnosed and chronic sufferers, and in
patients with seasonal and perennial rhinitis.3%-32 47-49
In diurnally active individuals, symptoms most com-
monly started or were most severe during the morn-
ing after awakening from nighttime sleep.

The occurrence and severity of rhinorrhea,
whether secondary to viral infection or allergen
provocation, vary in a predictable-in-time pattern
during the 24 hours.?” The study of viral rhinorrhea
relied primarily on a single end point only: the
number of handkerchiefs used throughout the
hours of diurnal activity. Unfortunately, specific
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symptoms were not self-assessed repeatedly during
the 24 hours; thus determination of the magnitude
of the temporal variation could not be accom-
plished. Nonetheless, prominent day-night varia-
tion in the manifestation of the infectious disease
was detected. In patients with mild to moderate
symptoms of cold or influenza, handkerchief use
was respectively one and one half to fourfold
greater during the morning hours between 8§:00
and 11:00 aM than during the afternoon. The effect
of influenza on mental alertness and sublingual
temperature was also time dependent. The decre-
ment in alertness and increment in temperature
were most pronounced in the morning. The fre-
quency of coughing due to acute respiratory illness,
most likely a cold virus, was greatest during the
daytime and least overnight both before and with
treatment by placebo or guaifenesin syrup.?®

Most studies of the day-night variation in the
symptom intensity of allergic rhinitis relied on
patient recall. Questionnaires or diary cards were
used to survey patients during clinical visits and
home study or by mailings to randomly selected
individuals.?®- 334749 While this investigative
method is useful for exploring the existence of
temporal patterns in disease, it does not allow one
to quantify the extent of variation in the symptom
intensity experienced by patients. Reinberg et al.>
used a repeat-measures, sélf—assessment protocol
to ascertain the occurrence and intensity of symp-
toms four times daily. They found that the magni-
tude of the 24-hour variation in the intensity of
sneezing, nasal congestion, and nasal drainage was
around 20% on average. However, because data
collection was restricted to the hours of daytime
activity only, the estimate of the extent of the
variability in symptom intensity may be conserva-
tive. Patients oftentimes complain that their sleep
is disturbed because of severe nasal congestion
causing difficulty in breathing overnight. Thus the
time when the nasal congestion of allergic and
perhaps infectious rhinorrhea is most severe may
be somewhat carlier than determined by surveys
restricted to the daytime hours only. Close review
of the published reports on allergic rhinitis reveal a
second time, between supper and bedtime, when
symptom intensity is elevated.’>3%%° The limited
data published thus far on viral rhinorrhea reveal
only a single morning time peak in symptoms
during the 24 hours. The second peak of symptoms
experienced by some sufferers of allergic rhinitis
might represent a late-type reaction to antigens.>
Such reactions have also been reported for allergic
asthma and dermatitis.>* 52



1094 Smolensky, Reinberg, and Labrecque

Why do the symptoms of these diseases vary to
such an extent during the 24 hours? Although the
mechanisms underlying the observed variation in
rhinorrhea have yet to be elucidated, several ex-
planations have been put forth. Some suggest that
the increased morning use of handkerchiefs by
cold and influenza sufferers represents the need to
clear the upper airways of secretions that accumu-
late during nocturnal sleep. Others cite the role of
the prone position during sleep as contributing to
the worsening of nasal congestion overnight. The
severity of morning symptoms of allergic rhinitis is
commonly blamed on antigen exposure, particu-
larly house dust mite, mold, and feathers, in the
bedroom during nocturnal sleep. All such explana-
tions are incomplete; they focus exclusively on
temporal changes in the external environment
without consideration of possible contributions of
the circadian time structure.

The symptoms of rhinorrhea, regardiess of ori-
gin, result from tissue injury caused by immuno-
logic reactions and chemical mediator release as-
sociated with inflammation of the upper airways.
The processes underlying the pathophysiology of
inflammation are modulated by certain circadian
rhythmic processes.>® The symptoms of other in-
flammatory diseases, such as asthma and rheuma-
toid arthritis, are worse during nocturnal sleep or
in the morning on awakening. Laboratory rodent
research reveals the rate and extent of the edem-
atous response to phlogistic agents, the mucopo-
lysaccharide carrageenan,> 3 the antibiotic poly-
mycin B, and croton oil,% vary by up to threefold
according to the circadian time of their adminis-
tration. Time-dependent differences in the inflam-
matory response may be related to the circadian
rhythm in cortisol.> Experimentally induced
edema is greatest when plasma cortisol level is
lowest (during the rest span) and least when
cortisol is highest (during the activity span); adre-
nalectomy results in loss of circadian rhythmicity in
the edematous response. Rhythms in the bradyki-
nin, prostaglandin E,, arachidonic acid, tissue
blood flow, and the number and functional capac-
ity of macrophages plus other inflammatory cells
are thought to be involved.?>7%1 Circadian
rhythms in plasma cortisol and the autonomic
nervous system plus day-night differences in air-
ways inflammation, reactivity, and clearance may
also play a role because they are known to contrib-
ute to the worsening of lung function and asthma
overnight.!3- 20

The traditional treatment of rhinorrhea consists
of decongestant and H;-receptor antagonist med-
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ications. Topical nasal corticotherapy is used, par-
ticularly in the management of allergic rhinitis.
Generally such medications are administered sev-
eral times daily. Times of drug administration
during the day and night are selected primarily to
ensure patient compliance. Circadian dependen-
cies and attributes of rhinorrhea, even if appreci-
ated by the medical community, are unfortunately
seldom taken into account in the scheduling of
pharmacotherapy. Both the beneficial and side
effect profile of medications may be circadian
rhythm dependent.

The chronotherapy of the local and systemic
manifestations of cold and influenza viruses has
not yet been investigated. Studies pertaining to the
chronotherapy of allergic rhinitis are limited. The
work of Reinberg et al. cited herein indicate that
the efficiency of the second-generation antihista-
mine, mequitazine, can be enhanced by ingesting
most of or the entire daily dose around dinner
time.’®37 This chronotherapeutic approach ap-
pears to be especially beneficial for those suffering
primarily from morning symptoms of rhinorrhea.
Other individualized, programmed in-time dosing
regimens may be necessary to optimally manage
patients who have different temporal patterns.

Topical corticosteroid aerosols are commonly
prescribed to treat allergic rhinitis. Generally, this
type of medication is used two to four times daily
at equal intervals and equal doses to maintain
tissue drug levels at near constant levels. Several
published studies confirm the expectation that
topical corticosteroids, in comparison with antihis-
tamines alone, achieve a greater level of symptom
relief. Moreover, the findings of two clinical trials
involving topical corticosteroids imply that both
the morning and afternoon peaks in symptom
intensity or occurrence observed in some patients
can be moderated by equal-interval, equal-dose
treatment regimens.*® *° The advantage of a chro-
notherapy for aerosol corticosteroids for allergic
rhinitis has yet to be explored. Initial chronothera-
peutic trials on asthma patients with corticosteroid
aerosols show that the therapeutic efficiency varies
with time of administration; high-dose inhalation
corticotherapy timed to the middle of the patient’s
activity span (about 8 hours after awakening from
nighttime sleep) results in a greater improvement
in pulmonary function as measured by spirometry
than does morning or evening once-a-day admin-
istration.*

Circadian rhythmicity in the effect of iprat-
ropium bromide on rhinorrhea has yet to be
explored. Vagal tone is stronger at night than
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during the day when sympathetic tone predomi-
nates.!> 206264 The findings of Gaultier et al.*¢
demonstrate the effect of the drug on airway
resistance and dynamic compliance of the lung in
healthy children is administration time dependent.
Ipratropium bromide was effective in reducing
lung airway resistance when inhaled in the morn-
ing in a dose of 80 pg but not in the evening.
However, a larger dose of 200 pg was effective at
this time, suggesting that the drug must be used in
a higher dose at night when vagal tone is strongest
to be optimally effective.

Circadian rhythms in the manifestation and se-
verity of nasal symptoms secondary either to cold
and influenza viruses or allergens must be taken
into consideration to fully elucidate the underlying
pathophysiology of the disease processes and to
improve pharmacotherapy. This article has fo-
cused on the 24-hour pattern in rhinorrhea and its
treatment; the complete management of rhinor-
rhea also takes into account annual and monthly
(in premenopausal women) patterns.3> 36

We are grateful to Mr. Daniel Hermann, Ms. Dottsie
Natt, Ms. Peggy Powell, and Mr. Verghese Thomas for
their valuable assistance with the manuscript.
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