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Analysis of Blink Rate Patterns in Normal Subjects
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Summary: The present study measured the normal blink rate
(BR) variations in relation to behavioral tasks in 150 healthy
volunteers (70 males and 80 females; aged 35.9 + 17.9 years,
range 5-87 years). The subjects were videotaped in a standard
setting while performing three different tasks: resting quietly,
reading a short passage, talking freely. The mean BR was com-
puted during each task; the data were compared by means of
analysis of variance and Student’s f tests. Mean BR at rest was
17 blinks/min, during conversation it increased to 26, and it
was as low as 4.5 while reading. As compared with rest, BR
decreased by —55.08% while reading (p < 1 x 107'%) and in-
creased by 99.70% during conversation (p < 1 x 107°). As
compared with reading, BR increased during conversation by
577.8% (p < 1 x 107"7). The distribution curves were highly
reproducible in each task. The best curve fit was represented by

a log-normal distribution, with the upper tail of each curve
having a normal distribution. Eye color and eyeglass wearing
did not influence BR. Women had higher BR than men just
while reading. No age-related differences were found. The
most common BR pattern was conversation > rest > reading,
which occurred in 101 subjects (67.3%); 34 subjects (22.7%)
had the pattern rest > conversation > reading; 12 (8.0%}) had the
pattern conversation > reading > rest. This study identified
three normal behavioral BR patterns and showed that BR is
more influenced by cognitive processes than by age, eye color,
or local factors. The present findings provide a normal refer-
ence for the analysis of BR in movement disorders such as
dystonia or tics. Key Words: Blinking—Blepharospasm—
Dystonia—Tics.

Investigations of eyelid dynamics have identified three
types of eye blinks: spontaneous, reflex, and voluntary
(1). Available data on spontaneous blink rate (BR) are
not consistent. Hart (1) estimated blinks to occur, on
average, about 12-15 times/min. According to Karson
(2), the normal rate in adults is 19 + 14 (SD)/min. It has
been reported that blinking is virtually absent at birth,
increasing steadily until adolescence, when it reaches a
plateau that is maintained throughout adult life (3). This
observation, however, has not been further confirmed.

There is evidence that BR is influenced by cognitive
processes. Following initial suggestions that BR depends
upon cognitive and emotional states (4), several investi-
gators have estimated the effects of cognitive tasks on
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blinking. Tasks involving speech or memory increase
BR, while those requiring visual fixation (such as read-
ing) reduce BR (2,5,6). Daydreaming, which produces
visual fixation, is associated with low BR (7). Other
factors besides cognitive, visual, and memory tasks also
influence BR. During conversation each individual punc-
tuates his or her speech by blinking between phrases and
at the end of sentences. Even sensory stimuli (8) and
local eye conditions (conjunctivitis, tear break-up time)
(9) can modify BR.

Flurries of blinking and associated sustained eye clo-
sure are characteristic signs of two neurological condi-
tions: blepharospasm and motor tics. At onset, blepha-
rospasm may present only with increased eye blinking.
Spasmodic contractions of the eyelids usually occur as
the disease progresses. A reliable clinical diagnosis of
blepharospasm can be made only when spasmodic move-
ments are observed. Simple motor tics often present with
eye winking or increased BR in relatives of patients af-
fected by blepharospasm (10) or in subjects with Gilles
de la Tourette disease. Karson et al. (11) observed that
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BR did not differ in ticqueurs from a control population
and that it was related either with the number or with
the severity of tics. Increased BR has been observed in
patients with Gilles de la Tourette disease, who also
had dystonic features (12). These authors considered in-
creased BR as a mild form of blepharospasm and sug-
gested that some patients with tics may have an increased
risk for dystonia. Involuntary eye closure in these disor-
ders may not be blinks, but abnormal involuntary move-
ments.

To better understand the relationship among BR, tics,
and dystonia, the normal variations of blinking with rela-
tion to different motor and behavioral tasks must be ascer-
tained. Therefore, this study is aimed at measuring BR
values in normal healthy individuals engaged in three com-
mon behavioral conditions: resting, reading, and conversa-
tion.

MATERIALS AND METHODS

One hundred fifty healthy volunteers of either sex (70
males and 80 females) were included. The subjects rep-
resented a wide spectrum of ages, ranging from 5 to 87
years. They were enrolled among doctors, nurses, and
students of the Catholic University and among relatives
and friends of the investigators. Exclusion criteria were
family or personal history of movement disorders, ob-
sessive-compulsive disorder, mental diseases, ocular
allergy, any other cause of conjunctival distress occur-
ring during the last month, and current use of psychoac-
tive drugs. Children under 5 years were not included as
they were unable to read. Subjects’ consent was ob-
tained.

All the subjects agreed to be videotaped unaware of
the purpose of the study. All videotapes were recorded
indoors with artificial lighting and standard temperature
(21°C). All subjects were sitting; they were not required
to maintain any specific position of the body, head, or
eyes. None wore corneal lenses during the evaluation;
eyeglasses were used by the habitual wearers. Three vid-
eotape segments were recorded, in the following order,
which was meant to minimize the emotional impact of
the camera: (a) free conversation on trivial subjects, re-
quiring no memory recall; (b) reading aloud a standard
passage: a short tale was selected for children and a
difficult short passage by Hermann Hesse (Italian trans-
lation) that required mental and visual concentration was
chosen for adults; (c) quiet rest with eyes open. Each
videotape segment lasted for 2 min 30 s.

Two independent observers reviewed the videotapes
and measured the number of blinks for 2 min during each
segment. The first 20 s of recording was not analyzed to

allow for adaptation to the environment. The two inde-
pendent measures were averaged.

The average BR per minute, counted in each segment,
was compared by means of analysis of variance
(ANOVA). In addition, subgroups of subjects were iden-
tified based of the following variables: (a) gender, (b)
eye color, (c) eyeglass wearing. The data measured in
each subgroup were compared by means of one-way
ANOVA and Student’s ¢ tests. Resting was assumed to
be the basal condition, and it was compared as such to
BR while reading or talking. The correlation index be-
tween age and BR was also computed. Finally, the over-
all population was divided in age ranges of 10 years
each. Population data with a normal distribution were
expressed as average + SD or + SEM; BR data with
log-normal distribution were expressed as average, 5%,
and 10% critical values.

RESULTS

The population under study included a large spectrum
of ages, ranging from 5 to 87 years, averaging 35.9 +
17.9 years. This population was divided into seven
groups, based on decades, from 5 to 64 years. Eight
subjects were over 64, and they were considered as a
group. Each of the remaining six groups included an
average of 21.4 + 11.9 subjects each; each group in-
cluded a comparable number of subjects, with the excep-
tion of decade 25-34, which was composed of a higher
number of subjects (45). The ethnic origin was non-
Jewish caucasian (145 subjects, 97%) or Ashkenazi Jew-
ish (5 subjects, 3%). Most subjects (101, 67%) were
dark-eyed; 49 subjects (33%) were light-eyed. Eye-
glasses were used by 35 (24%) individuals when resting,
51 (34%) while reading, and 36 (24%) while talking.

The data measured in the three experimental condi-
tions (i.e., at rest, while reading, and during conversa-
tion) had similar distribution curves. The best fit for
these distributions was represented by a log-normal
curve, with the upper curve tail for the observed values
falling above the ideal curve of the log-normal distribu-
tion (Fig. 1). The upper-tail unfitting was observed for
BR values over 24 (at rest), over 10 (while reading), and
over 40 (during conversation). All these upper-tail values
were best fitted with a normal distribution. It was con-
cluded that the best curve fit for the data was with a
log-normal curve, representing 70% of the measured val-
ues at rest and during conversation and 80% of those
measured while reading, the remaining values being best
fitted with a normal curve.

Between-group statistical comparisons were therefore
performed using BR log values. Mean BR at rest was 17
(5 and 10% critical values were 448 and 640, respec-
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FIG. 1. Relative frequency of blink rate values at rest (A), during conversation (B), and during reading (C) are fitted with a log-normal distribution.

tively). Mean BR during conversation was 26 (5 and
10% critical values were 11-53 and 13-47). Mean BR
while reading was 4.5 (5 and 10% critical values were
0.7-22 and 1-16).

As compared with rest, BR while reading was de-
creased by —55.08% (p < 1 x 107"%) and BR during
conversation was increased by 99.70% (p < 1 x 107°). As
compared with reading, BR during conversation was in-
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creased by 577.8% (p < 1 x 107'7) (Table 1). There were
no BR variations with reference to eye color or to eye-
glass wearing. Women had a higher BR than men, but
this was significant only while reading (p < 1 x 107°). In
men, mean BR while reading was 3.0 (5 and 10% critical
values: 0-13 and 0-10); in women it was 6.2 (critical
values: 0-26 and 0-20; Table 1). There was no correla-
tion between BR and age; BR values during conversation
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FIG. 1. (Continued)

first increased and then decreased as age progressed (see
Fig. 3), but statistical analysis of data did not show dif-
ferences.

Comparison of different behavioral conditions showed
that BR during conversation was higher than BR at rest
in 111 subjects (74% of the population studied) and than
BR while reading in 148 subjects (98.7%); BR at rest
was higher than BR while reading in 134 subjects
(89.3%). Between-task comparison showed that the most
represented pattern was ‘‘conversation > rest > reading,’’
which occurred in 101 individuals (67.3%). Thirty-four
subjects (22.7%) had the pattern ‘‘rest > conversation >
reading’’; 12 subjects (8.0%) had the pattern ‘‘conver-
sation > reading > rest’” (Tables 2 and 3).

DISCUSSION

The present study shows that BR varies in normal
subjects according to behavioral tasks and provides a

standard reference for normal BR values. Figure 2 dis-
plays percentiles for BR in normal subjects. Using rest
as the reference condition, we found that BR decreased
by 74% during reading and increased by 100% during
conversation. This observation is consistent with earlier
data comparing BR in two behavioral conditions (13,14)
or in the three together (2). In 68% of the normal popu-
lation, BR is lower while reading and increases progres-
stvely at rest and during conversation (Fig. 3). This typi-
cal BR pattern is not found in the remaining 32% of
normal subjects, who demonstrate the less common pat-
tern of having the highest BR frequency at rest rather
than during conversation or of having the highest BR at
rest rather than during reading. Not considering three
cases, each one with an individual pattern that was not
found in other subjects, only 3 combinations of behav-
ioral BR variations were observed out of a total theo-
retical number of 21 (Table 3). The three populations
characterized by different BR patterns did not differ in

TABLE 1. Mean blink rate (5, 10% critical values) in population

under study
Average Men Women
Rest 17 (4-48, 6-40) 15.6 18
Reading 4.5(0.7-22, 1-16)¢ 3.0 (0-13, 0-10)" 6.2 (0-26, 0-20)
Conversation 26 (11-53, 13-47)° 24 26.7

“ Significantly different from rest (p < 1 x 107°).
b Significantly different from reading in women (p < 0.00001).
© Significantly different from rest (p < 5 x 107, and from reading (p < 1 x 107'7),
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TABLE 3. Patterns of blink rate listed according to their
decreasing incidence in population under study

Mean Indicence

Pattern Subjects  age (yrs) (%)
Conversation > rest > reading 101 349 67.3
Rest > conversation > reading 34 39.1 227
Conversation > reading > rest 12 390 8.0
Rest > reading > conversation 1 5 0.7
Conversation = rest > reading 1 23 0.7
Reading > conversation = rest 1 18 0.7
Total 150 37 100

relation to any of the variables under study (i.e., age,
gender, eye color, eyeglass wearing). Thus, these com-
binations represented three relationships between BR
and behavioral tasks that occur in normal subjects.

One other important point clarified by the present
study is that, under controlled environmental conditions,
BR does not vary with age. This is at odds with an earlier
observation reporting that BR gradually increases until
adolescence to reach a plateau that is maintained
throughout life (3). There are no other reports on this
issue. Our observation, then, supports the view that each
individual has his or her own BR that is maintained
throughout life. In keeping with this, we observed a sig-
nificant difference in BR between men and women dur-
ing reading, with men having lower BR values than
women. This observation has not been reported previ-
ously, although an earlier study (3) alluded to this find-
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ing. In addition, men can suppress blinking longer than
women and can voluntarily increase their BR much
faster than women (5).

The present study is consistent with earlier observa-
tions that there is a high degree of interindividual vari-
ability of BR (5). Variability of BR among different sub-
jects may be due to environmental factors or may be the
expression of phenotypic variations. In the present study,
environmental factors were not varied. Notwithstanding,
it was observed that some subjects were more embar-
rassed than others in front of the camera. This is at vari-
ance with other settings where the influence of the en-
vironment was significant but there was no impact from
the camera, as when the patients were unaware of being
videotaped (3). Another possible influencing factor in
our study is that some people were more skilled than
others in reading. Still, the interindividual variability
during reading was comparable with that measured dur-
ing the other two behavioral tasks.

This study is the only report measuring BR in a large
population of normal subjects in a controlled setting.
This is the main reason why it is difficult to compare
these observations with earlier studies in which environ-
mental conditions were not carefully controlled. We ob-
served no differences with reference to eye color or eye-
glass wearing. Our hypotheses were that light-eyed
people would have a different BR due to the higher
amount of light reaching the retina and that variations in
the eye microclimate associated with lenses wearing
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FIG. 3. Blink rate values in seven defined age groups during the three behavioral tasks considered. Between-task differences are significant in each
age group with the exception of conversation vs. rest at ages 5-14, 3544, and >65.

would modify the lachrymal film. Since no differences
were found in either case, this supports the idea that BR
is modulated primarily by central mechanisms and cog-
nitive tasks and that local ocular conditions are of limited
relevance.

Why normal individuals should have three different
behavioral patterns of BR is still unclear. We do not
presently know whether any of these groups (namely,
those with higher BR at rest) contains subjects with sub-
clinical sporadic ocular tics or dystonia. Follow-up of
this population will provide the relevant clinical infor-
mation. The study of movement disorders affecting eye
blinking (e.g., dystonia or tics) will also clarify whether
such movement disorders are associated with different
behavioral BR patterns than those found in normal sub-
jects.
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