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Abstract

Background We aimed to demonstrate the incidence and subtype proportions of ocular
motor cranial nerve palsy (OMCNP) by age group and sex, and to estimate the associated
lifetime risks in the Japanese population.
Methods This nationwide, population-based, cross-sectional cohort study utilized data
from the National Database of Health Insurance Claims and Specific Health Checkups of
Japan, provided by the Ministry of Health, Labour and Welfare, covering almost all (≥95%)
claims. We identified newly diagnosed OMCNP cases (oculomotor, trochlear, or abducens
palsy) between January 1 and December 31, 2019, separated by sex and age category (5-
year steps). We calculated the incidence rate as the proportion relative to the Japanese
population, and calculated the lifetime risk. Furthermore, we calculated the age-
standardized incidence rate and lifetime risk according to the world population distribution.
Results The crude incidence rate of OMCNP is 17.36 (oculomotor palsy, 6.62 [38.1%];
trochlear palsy, 2.61 [15.0%]; abducens palsy, 8.14 [46.9%]) per 100,000 person-years. The
incidence rate increases with age and is higher in men than in women (19.91 vs. 14.96). The
lifetime risks of oculomotor, trochlear, and abducens palsies are 0.50%, 0.19%, and 0.61%,
respectively. The age-standardized incidence rates of oculomotor, trochlear, and abducens
palsies are 3.25 (lifetime risk, 0.35%), 1.28 (lifetime risk, 0.13%), and 4.60 (lifetime risk,
0.45%) per 100,000 person-years, respectively.
Conclusions This nationwide study of >100 million people reveals that OMCNP incidence
increases with age and is higher in men. Approximately one in 100 individuals is affected in
their lifetime. Our comprehensive analysis of OMCNP demographics provides important
information for addressing healthcare, particularly for older people, from social and public
health perspectives.

Ocular motor cranial nerve palsy (OMCNP), including oculomotor (III),
trochlear (IV), and abducens (VI) palsies, induces paralytic strabismus with
subsequent binocular vision disorders, which can lead to unsafe driving1, a
musculoskeletal injuries, fractures, or falls2. The occurrence of OMCNP is
also a risk factor for subsequent stroke (hazard ratio, 4.65)3. Therefore,
OMCNP may pose a high risk for future physical disability and is thus a
condition of social relevance.

The causes of OMCNP are varied and include vascular disorders,
aneurysms, head trauma, neoplasms, and congenital disorders4. The pro-
portions of these etiologies and clinical features differ between younger and
older patients5. Furthermore, a previous large cohort study (n = 9682)
showed sex differences in excyclo-deviation, partially caused by trochlear
palsy, in those aged ≥60 years6. Another previous study showed that the
mean age of patients with OMCNP was 38.2 ± 19.5years; however, it
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Plain language summary

Ocularmotor cranial nervepalsy is acondition
that affects the oculomotor, trochlear, or
abducens nerves of the eyes and reduces
control of the eye muscles leading to muscle
paralysis with subsequent binocular vision
disorders. However, no previous study has
captured a comprehensive demographic
profile. This nationwide population-based
cohort study in Japan reveals the annual
incidence rates of oculomotor, trochlear, and
abducens palsies as 6.62, 2.61, and 8.14 per
100,000 person-years, and theproportions of
these conditions as 38.1%, 15.0%, and
46.9%, respectively. The incidence rate
increaseswithageand ishigher inmen than in
women (19.91 vs. 14.96). The lifetime risks of
oculomotor, trochlear, and abducens palsies
are 0.50%, 0.19%, and 0.61%, respectively.
Our comprehensive analysis provides
important information for addressing health-
care, particularly for older people, from social
and public health perspectives.
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included limited cases (n = 345)7.Moreover, lifetime risk, i.e., the probability
that a person will experience a specific event during their lifetime, has not
been reported for OMCNP and can be calculated only by using data across
all ages. Therefore, we consider that from a social and public health per-
spective, capturing a comprehensive demographic profile stratified by age
group and by sex is important.

TheNationalDatabase ofHealth InsuranceClaims andSpecificHealth
Checkups of Japan (NDB) contains data on almost all (≥95%) health
insurance claims in Japan8, provided by the Japanese Ministry of Health,
Labour andWelfare (MHLW), and affords comprehensive overviewof real-
world clinical practice in this country9. We can access the data after the
approval of MHLW and have revealed the incidence of strabismus.

In the present study, we determined the incidence rate and lifetime risk
of OMCNP by age group and for the sexes separately in the Japanese
population using data from the NDB. Furthermore, we calculated the age-
standardized incidence rate and lifetime risk, adjusted to the
2000–2025 standard world population distribution as provided by the
World Health Organization (WHO).

This nationwide population-based cohort study captures a compre-
hensive demographic profile of ocular motor cranial nerve palsy, including
oculomotor, trochlear, and abducens palsies, which induce paralytic stra-
bismus with subsequent binocular vision disorders. The annual incidence
rates of oculomotor, trochlear, and abducens palsies are 6.62, 2.61, and 8.14
per 100,000person-years.The incidence rate is observed to increasewith age
and to be higher in men than in women (19.91 vs. 14.96). The lifetime risks
of oculomotor, trochlear, and abducens palsies are 0.50%, 0.19%, and0.61%,
respectively. Our results provide important information for addressing
healthcare, particularly for older people, from social and public health
perspectives.

Methods
The ethics committee of Kyoto University Graduate School of Medicine
approved this nationwide, population-based, cross-sectional cohort study
(approval no., R2035). All the study protocols adhered to the tenets of the
Declaration of Helsinki. Informed consent was waived because this study
used anonymous data.We applied to theMHLW to access the NDB, which
was approved. This study was conducted during the approved period
between August 23, 2021, and February 22, 2022.

Identification of ocular motor cranial nerve palsy cases in the
database
We performed this study in the same manner as reported previously9.
Briefly, we analyzed anonymized data stored in theNDB at theNDBOnsite
Research Center Kyoto with the approval of the MHLW. We defined a
diagnosis ofOMCNPpalsy as cases with claim codes related to oculomotor,
trochlear, and abducens palsy (details are described in Supplementary
Table 1). In Japan, these diagnoses aremade bymedical doctors. To prevent
case duplication, we used a previously reported identification method, in
which a newly created ID0 was used to identify the same individual10.

Annual incidence rate
We counted the number of cases of OMCNP in the NDB who were newly
diagnosed between January 1, 2019, and December 31, 2019, separately for
each sex and age category (in 5-year steps). We did not include the suspected
disease codes. We selected 2019 as the most appropriate year for our
investigation because 2019 is themost recent year that we could investigate in
the period between 2009 and 2020, except for 2020, when patients hesitated
to visit hospitals during the height of the COVID-19 pandemic. Furthermore,
the official population statistics in Japan are available to the public on the
official website of e-Stat (https://www.e-stat.go.jp/en), which provides the
total population on October 1 every year, as estimated using the national
population census conducted by the Ministry of Internal Affairs and Com-
munications, separated by sex and age category (in 5-year steps). Thus, the
crude annual incidence rate (per 100,000 person-years) of OMCNP in 2019
was calculated as the proportion of the newly diagnosed OMCNP counts

relative to the total Japanese population as of October 1, 2019. The proportion
of each subtype of OMCNP relative to OMCNP overall was also calculated.

Age-standardized incidence rate
The WHO provides data on the standard world population distribution11.
Based on Japanese crude incidence rates, we calculated age-standardized
incidence rates according to theworld population distribution, based on the
average world population between 2000 and 2025, as previously reported12.

Lifetime risk
The lifetime risk, i.e., the integrated incidence risk over a person’s lifetime,
for each type of nerve palsy was calculated using R (version 4.4.1; R Core
Team, Vienna, Austria) and the life table method, as previously reported13.
This is the longitudinal risk experienced by a person from birth to death.
Using this approach is considered more accurate than calculating cumu-
lative risk, as it incorporates the competing risk of death. Themortality rate
for the n-th age interval, μn, and the incidence rate of the nerve palsy, λn,
were calculated using the following equations:

μn ¼
NCn

NFn

λn ¼
NDn

NFn

In these equations,NFn is the disease-free population at the start of the
n-th interval, andNDn andNCn are the number of new deaths and newcases
during the n-th interval, respectively. Although the calculation requires the
mortality rate for the disease-free population, the overall age-specific
mortality rate was used as a proxy, as the prevalence of nerve palsy in each
age group is extremely low.

For each age interval, the probabilities of transitioning between health
states—specifically, from “disease-free” to “disease-affected” and “disease-
free” to “death”—were calculated as described below. These probabilities
represent the proportionof individualswho change statesduring a given age
interval, specifically indicating the likelihood of developing the disease or of
dying without developing the disease.

Disease-free to disease-affected:

pF!A;n ¼
λn

λn þ μn
× 1� e� λnþμnð ÞLn
� �

Disease-free to death:

pF!D;n ¼
μn

λn þ μn
× 1� e� λnþμnð ÞLn
� �

In these equations, Ln represents the duration of the n-th age interval
in years.

Taking the initial number of individuals at age 0 as the baseline, let PF,n
denote the proportion of individuals remaining disease-free by the end of
the n-th age interval, and let PA,n denote the proportion of new incidences
within the n-th age interval. The following relationships are then derived:

PF;nþ1 ¼ PF;n × 1� pF!A;n � pF!D;n

� �

PA;nþ1 ¼ PF;n × pF!A;n

with the initial conditions:

PF;0 ¼ 1

PA;0 ¼ 0
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Finally, the lifetime risk is then given by the following equation:

X
PA;n

Furthermore, we similarly calculated age-standardized lifetime risk
according to the world standard mortality rate provided on the WHO
website (https://www.who.int/data/gho/data/themes/mortality-and-global-
health-estimates).

Statistics and reproducibility
The incidence rates are presentedwith 95% confidence intervals (CIs) based
on a Poisson distribution.

Results
The crude annual incidence rate of OMCNP overall was 17.36 per
100,000 person-years (21,981/126,555,000; 95% CI, 17.14–17.60),
including 6.62 per 100,000 person-years (n = 8,378; 95% CI, 6.48–6.76)
for oculomotor (III) palsy (Fig. 1, Supplementary Table 2), 2.61 per
100,000 person-years (n = 3,298; 95% CI, 2.52–2.69) for trochlear (IV)
palsy (Fig. 2, Supplementary Table 3), and 8.14 (n = 10,305; 95% CI,
7.99–8.30) for abducens (VI) palsy (Fig. 3, Supplementary Table 4). Thus,
the proportions of the incidence rate of OMCNP overall accounted for by
oculomotor, trochlear, and abducens palsies were 38.1%, 15.0%, and
46.9%, respectively. The incidence rate increased as age increased until
approximately 80 years.

When comparing the sexes, we found that the incidence rate of
OMCNP overall was higher in men than in women (19.91 [12,262/
61,588,000; 95% CI, 19.56–20.26] vs. 14.96 [9,719/64,967,000; 95% CI,
14.66–15.26] per 100,000 person-years), and this differencewas particularly
marked over middle age (Fig. 4). More specifically, the proportion of the
incidence inmen relative to that inwomenwas over 1.2 times for those aged
over 45 years for oculomotor palsy, over 1.6 times for those aged over 45
years for trochlear palsy, and over 1.2 times for those aged over 40 years for
abducens palsy. In other words, no marked sex difference was observed
among younger people.

The age-standardized incidence rates of oculomotor, trochlear, and
abducens palsies relative to the world population provided by the WHO
were 3.25, 1.28, and 4.60 per 100,000 person-years, respectively. Thus, the
incidence rate of OMCNP overall was 9.14 per 100,000 person-years. These
standardized incidence rates were lower than the corresponding crude
Japanese rates.

The crude lifetime risks of oculomotor, trochlear, and abducens palsies
were 0.50% (men, 0.53%; women, 0.46%), 0.19% (men, 0.24%; women,

0.14%), and 0.61% (men, 0.66%; women, 0.56%), respectively. Thus, the
lifetime risk of OMCNP overall was 1.30%. The age-standardized lifetime
risks of oculomotor, trochlear, and abducens palsies were 0.35% (men,
0.37%; women, 0.32%), 0.13% (men, 0.17%; women, 0.10%), and 0.45%
(men, 0.48%; women, 0.41%), respectively. Thus, the age-standardized
lifetime risk of OMCNP overall was 0.93%.

Discussion
No previous nationwide population-based cohort study on OMCNP has
been reported to date. Our study revealed the annual incidence rate of
OMCNP, including oculomotor, trochlear, and abducens palsies, for indi-
viduals of all ages, as well as separated into 5-year-step age groups, in
accordance with the national population census of Japan, using the NDB
which was the largest population-based cohort in the world. In our inves-
tigation of overall cohort, we found that the incidence rate increased with
advancing age and we noted a marked sex difference in the incidence rate
(men>women) over middle age. Furthermore, we were able to calculate the
lifetime risk, which is a strong point of this study, and revealed that more
than one in a hundred people experience OMCNP in their lifetime.

Among the different types of OMCNP, abducens palsy had the highest
incidence rate (46.9%), followed by oculomotor palsy (38.1%), and trochlear
palsy (15.0%). These rates were similar to those in a previous large-hospital-
based study in Japan: 52.9% (117/221), 28.5% (63/221), and 18.6% (41/221),
respectively4. The chi-square goodness-of-fit test based on the ratio of our
results as an almost complete enumeration showed no significant difference
between our values and those of the previous Japanese study (P= 0.10).
However, a prospective multicenter study in the USA (with participants aged
≥50 years) reported rates of 56.9% (62/109), 20.2% (22/109), and 22.9% (25/
109), respectively14, which was significantly different from ours (P= 0.01).
This might be attributed to racial differences between the study cohorts.

As a premise, the universal health insurance system covers almost all
people in Japan; therefore, refraining from visiting hospitals is not likely to
have impacted sex differences. The sex difference in the incidence rates
(men>women) over middle age in the present study could be attributed to
the sex differences in vascular disorders, because a vascular disorder is the
most frequent cause of OMCNP in adults aged ≥50 years4. In fact, the
incidence rate and prevalence of stroke were 33% and 41% higher in men
than inwomen, respectively15. Furthermore, the occurrence of OMCNP is a
significant risk factor for subsequent stroke3. Physicians should understand
that the occurrence of OMCNP is higher in older men and should educate
patients affected with OMCNP regarding the high risk of future stroke.

The lifetime risk of OMCNPwas relatively high, at more than 1%, and
most of the patients were older people, aged more than 50 years. Older

Fig. 1 | Annual incidence rate of oculomotor palsy
in each age group. The incidence rate (per 100,000
person-years) increased with age. A marked sex
difference (men > women) was observed for those
aged over 50 years.
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people are more prone to falls. Falls have adverse consequences for indivi-
duals’ quality of life and for their families16, and also pose a substantial
financial burden on healthcare systems. A previous study (n = 2,196,881)
reported that individuals with disorders of binocular vision, including
OMCNP, had significantly higher odds of sustaining musculoskeletal
injuries, fractures, or falls (adjusted odds ratio, 1.27; P < 0.001)2. To prevent
such injuries, understanding the relatively high risk of OMCNP and its role
in increasing these injuriesmay be an important step from social and public
health perspectives.

In the present study, the incidence of OMCNP increased with age and
was rare in young people, particularly in those aged<40 years.However, this
finding does not suggest a reduceddisease severity in these younger patients;
even in these patients, medical examinations, including brain magnetic
resonance imaging, are required. The proportions of etiologies of OMCNP
differ between younger and older patients. For example, brain neoplasm is a
life-threatening disease that was reported to be relatively more common in
younger (<49 years) than in older (≥50 years) patients with oculomotor
palsy (13% vs. 5%) and trochlear palsy (6% vs. 0%)4. Conversely, brain
aneurysm, another life-threatening disease, is more common in older than
in younger patients with oculomotor palsy (26% vs. 0%)4. In our study, we

could not obtain information on the cause of OMCNP from the NDB
because the diagnosis of OMCNP was not linked to the cause of the con-
dition; therefore, we could not discuss cause and severity. Further research is
required from this perspective.

Using the crude Japanese values, we calculated the age-standardized
incidence rate and lifetime risk of OMCNP according to the world popu-
lationdistributionprovided by theWHO.All of the age-standardizedvalues
were lower than the crude Japanese values. We consider that this is due to
the notable aging of the Japanese population, in which the rate of older
people is higher than in the world population. The information regarding
standardized values may be more useful for clinicians in other countries.

This study had some limitations. First, OMCNP data were based on
claims codes, as diagnosed by various medical doctors in various regions
throughout Japan.Noonehas assessed the accuracyof the researchbasedon
NDB, which would vary for different diseases. Therefore, the validity
remains unclear. However, OMCNP is specifically diagnosed based on
characteristic findings; therefore, misdiagnosis would be relatively rare.
When a patient experiences sudden diplopia due to OMCNP onset, he/she
does not hesitate to visit a clinic in Japan because of the universal health
insurance system.Miscodes are highly unlikely because clinicians described

Fig. 2 | Annual incidence rate of trochlear palsy in
each age group. The incidence rate (per 100,000
person-years) increased with age. A marked sex
difference (men > women) was observed for those
aged over 45 years.

Fig. 3 | Annual incidence rate of abducens palsy in
each age group. The incidence rate (per 100,000
person-years) increased with age. A marked sex
difference (men > women) was observed for those
aged over 40 years.
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the diagnosis using the disease name rather than codes. Since physicians
sometimes make diagnoses of suspected diseases to claim the costs of
examination in Japan, we did not include the suspected disease codes.
Second, superior oblique palsy was not included in this study because it
involved various conditions not related to the trochlear nerve, such as rectus
muscle pulley changes (masquerading as superior obliquepalsy) and tendon
anomalies17,18. Superior oblique palsy also implies congenital etiology;
therefore, we considered that it did not match the concept related to
OMCNP in this study. However, a certain proportion of superior oblique
palsy cases could involve trochlear palsy; therefore, our results regarding
trochlear palsymight reflect an underestimation. Third, additional research
or modification of the methodology cannot be easily performed due to the
stringent study criteria. Fourth, theNDB coversmost of themedical care for
the entire Japanese population (≥95%)8; however, it does not include
medical care paid for bywelfare or related to industrial accidents. Thismight
have led to anunderestimation in our results. Fifth, this studywas difficult to
investigate the etiology of OMCNP as it was based mainly on the insurance
claims and not on clinical judgement of the relationship between OMCNP
and its cause; thus, we could not assess the potential impact of confounders.
If we conduct further research using the NDB to investigate causes of
OMCNP, we will identify other possible causal diseases, including brain
neoplasm and brain aneurysm, within three months before and after the
diagnosis of OMCNP. However, we consider that the accuracy of the causal
relationship is not high. Sixth, this study utilized data thatwere retrospective
in nature. Seventh, this study investigated the general incidence ofOMCNP,
although this disease population includes a heterogeneous groupof patients,
with varied age of onset as well as cases that resolve spontaneously. Seventh,
patients with OMCNP may die before the diagnosis and after the onset
becauseOMCNPcan sometimes be complicated by a severe condition, such
as cerebral infarction, which might lead to underestimation.

In conclusion, this nationwide study of >100 million people revealed
thatOMCNP incidencewas higher in oldermen. Approximately one in 100
individuals is affected in their lifetime. Age-standardized values were lower
than crude values, probably due to the progressive aging society in Japan.
Our comprehensive analysis of OMCNPdemographics provides important
information for addressing healthcare, particularly for older people, from
social and public health perspectives.

Data availability
All data generated or analyzed during this study are included in this pub-
lished article. The source data for Figs. 1–3 are in SupplementaryTables 2–4,
respectively. The source data for Fig. 4 is in Supplementary Tables 2–4. We
applied to the MHLW to access the NDB, which was approved.
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