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We reviewed medical records of 121 patients/235 eyes of typical retinitis pigmentosa (RP) patients who could be followed up for at
least 5 years with the aim of investigating the long-term course of visual function progression at each RP stage and appropriate
assessment methods. Patients were classified into three groups: mild RP (baselinemean deviation ðMDÞ ≥ −5), moderate RP
(−25 < baselineMD < −5), and late RP (baselineMD ≤ −25). Linear mixed-effect models were used to follow MD, the average
retinal sensitivity of the central four points of the Humphrey field analyzer 10-2 program (S4), and visual acuity (VA) with
increasing time. The associations among factors (baseline MD group, sex, hereditary form) and the interaction between each
factor and time were also investigated. The mean reduction of the MD, S4, and VA for all patients was -0.37 dB/year, -0.25 dB/
year, and 0.018/year, respectively. The moderate RP group had a faster progression than other groups in MD (-0.43 dB/year, p
< 0:05). The moderate (-0.31 dB/year, p = 0:01) and late RP groups (-0.25 dB/year, p < 0:01) had faster progression than the
mild RP group in S4. The late RP group had faster progression in VA than the other groups (0.03/year, p < 0:05). Females had
a slower progression of the S4 (-0.15 dB/year, p = 0:02) and VA (0.01/year, p < 0:001) than males. The autosomal dominant
group had a slower progression than the sporadic group in MD (-0.22 dB/year, p = 0:02); the autosomal dominant and
autosomal recessive groups had a slower VA decline than the sporadic group (0.01/year, p = 0:03; 0.01/year, p = 0:04). Because
the progression rates of VA and visual field test differed as per the RP stage, S4 and VA can also be useful assessment methods
depending on the stage. Inheritance form and sex may affect the progression rate.

1. Introduction

Retinitis pigmentosa (RP) is a genetic retinal dystrophy that
results from the progressive loss of photoreceptor cells. The
characteristic signs and symptoms of RP include impaired
night vision, a gradual loss of the visual field, and eventual
decline in visual acuity (VA) [1]. Owing to the progressive
nature of RP, the development of therapeutic interventions
to slow down the progression of the disease is required.
The efficacy of therapeutic treatment options, including sup-
plements (for example, vitamin A [2, 3], docosahexaenoic
acid [4], brimonidine [5], lutein [6], and nilvadipine [7])
and oxygen therapy [8], is not conclusive. Several therapeu-
tic options have been studied, including gene therapy [9],

transplantation [10], optogenetic therapy [11], retinal pros-
thesis [12], and electrical stimulation [13]. To predict the
prognosis of RP and assess the safety and efficacy of the
new treatments, the natural course of RP should be known,
and appropriate parameters must be established. Previous
studies have reported the progression of visual field defects
in RP patients by analyzing the change in the area of an isop-
ter using Goldmann kinetic perimetry [14–16]. However, it
is difficult to quantitatively evaluate the central visual field
defect progression using Goldmann kinetic perimetry [17].

Previous studies suggested that the Humphrey field ana-
lyzer (HFA) is a suitable method to detect visual field loss
[14, 16]. Several studies have investigated the progression
of defects in the HFA10-2 program and indicated that the
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mean deviation (MD) value and central 4 points in the
HFA10-2 perimetry were reasonable parameters to monitor
the progression of RP [18–21]. However, the number of par-
ticipating patients was few in those studies, and the natural
course of progression in visual function was not conclusive.

Although some studies implied that the logarithm of the
minimum angle of resolution (logMAR) VA is less suitable
than perimetric parameters [19, 22], the perceived difficulty
in performing common daily tasks was more strongly
related to the level of VA than the residual visual field area
for patients with RP [23]. Therefore, monitoring VA in addi-
tion to perimetric sensitivity is important. So far, few studies
have examined the long-term natural course of RP using the
HFA10-2 or VA tests, and whether the rate of progression
varies with the stage of the disease is not clear. Moreover,
several reports have investigated the difference in the rate
of disease progression in terms of hereditary, form, and sex
[24–26], and a few studies have indicated that progestin
therapy appears to control the course of RP [27–29]. Thus,
the aim of this study was to investigate the long-term course
of the progression of visual function in RP patients and
assess the difference in the rate of progression of visual func-
tion with the different stages of RP. We retrospectively ana-
lyzed the annual progression of visual function in RP
patients using the results of the HFA10-2 program and log-
MAR VA and investigated the correlations among several
factors related to the progression of RP.

2. Materials and Methods

We retrospectively studied the medical records of 922
patients with RP between 2009 and 2019 at Chiba University
Hospital. We selected RP patients who underwent five or
more VA tests and visual field tests involving at least one
eye during a period of 5 years or more. Of the 922 patients,
a total of 235 eyes from 121 patients were evaluated. The
diagnosis of RP was based on the clinical history, fundu-
scopic appearance, visual field test results, optical coherence
tomography (OCT) findings, and full-field electroretino-
gram findings recorded according to the International Soci-
ety for Clinical Electrophysiology of Vision standardized
conditions. Patients with atypical RP, such as sectorial, cen-
tral, secondary, or unilateral RP, were excluded from this
study. Patients with other ocular diseases or disorders that
affect visual function (for example, cystoid macular edema,
macular hole, vitreo-macular traction, epiretinal membrane,
advanced cataract, and advanced posterior capsular opacifi-
cation) and eyes with a history of intraocular surgery,
including cataract surgery during the study period, were
excluded. We interviewed the patients and created detailed
family trees for each to determine the pattern of inheritance.
The patients were followed up once per year. At follow-up,
patients routinely underwent visual automated static peri-
metry (HFA; Model 750; Carl Zeiss Meditec, Inc., Dublin,
CA, USA) in addition to the measurement of best-
corrected visual acuity (BCVA), slit lamp fundus examina-
tions, intraocular pressure measurement, and spectral-
domain OCT (SD-OCT; Heidelberg Engineering, Heidel-
berg, Germany). BCVA was examined with a standard Japa-

nese decimal VA chart and system charts (SC-2000 Nidek
Instruments, Gamagori, Japan) at 5m and was converted
to logMAR units. VA while counting fingers, hand motion,
light perception, and no light perception were assigned log-
MAR values of 1.85, 2.3, 2.8, and 2.9, respectively [30] [31].
The HFA value was recorded on the same day as the other
examinations, including the VA test, using the central 10-2
SITA-standard program. We excluded patients when the test
reliability was not satisfactory with a HFA10-2 fixation loss
score ≥ 20% or with either false-positive or false-negative
errors ≥ 33%. We further investigated the average MD value
of the central four points of the HFA10-2 numerical display
as the S4. Since the decibel value is based on a logarithmic
scale, we converted the value of each measured point in deci-
bels to 1/Lambert (linear unit) and subsequently averaged
the values when we calculated the average sensitivities of
S4. Subsequently, we converted the value to dB.

Patients were classified into three groups: mild RP, eyes
with the MD equal to or higher than -0.5 dB; moderate RP,
eyes with the MD higher than -25.0 dB and lower than
-0.5 dB; and late RP, including eyes with the MD equal to
or lower than -25.0 dB. The values obtained from both the
eyes were included in the model. The Kruskal–Wallis test
and chi-square test were used to compare the three groups’
differences in terms of the characteristics of the patient
groups.

Linear mixed-effect models were used to determine the
changes in the MD, sensitivity of S4, and VA (logMAR) with
increasing time. The values obtained from both the eyes
were included in the analysis. The dependent variables were
the MD, S4, and VA, with time as a fixed effect and partici-
pants and eyes (left and right) as a random effect (intercept).
In addition, to evaluate the effect of the baseline MD, sex,
and hereditary form on the changes in the MD, S4, and
VA over time, we added the fixed effects of factors (model
1, baseline MD group; model 2, sex; and model 3, hereditary
form), and the interaction term between each factor and
time to the linear mixed model is described above. The fixed
effect was the time, and the random factors were the partic-
ipants and eyes (intercept). In a simple regression analysis,
we converted the MD values on a logarithmic scale to a lin-
ear scale (MD (1/Lambert)), to determine the percentage
MD reduction rate. Subsequently, we constructed a linear
mixed model with MD (1/Lambert) as an outcome. The
yearly progression rate is represented as a decrease in the
average initial MD (1/Lambert). Statistical significance was
set at p < 0:05. All statistical analyses were performed using
the SAS statistical software package (version 9.4; SAS Insti-
tute, Cary, USA).

3. Results

The demographic data of this study are shown in Table 1.
The mean age at baseline was 52.5 (range: 10–81) years,
and 55.3% were female participants. The mean follow-up
year was 6.71. The hereditary forms were autosomal domi-
nant (AD) in 13 cases, autosomal recessive (AR) in 13 cases,
and sporadic in 95 cases. None of the patients had an X-
linked RP. With respect to the baseline MD, the three groups
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were as follows: mild RP group, 60 eyes; moderate RP group,
138 eyes; and late RP group, 37 eyes. No significant differ-
ences in age, sex, or hereditary form distribution were found
between the baseline MD groups.

Table 2 shows the 3 linear mixed models. All models
include random intercepts for each subject over time. The
coefficient of time (years) of each model is the fixed effect
of the slopes or the average progression rate. The mean pro-
gression rate of the MD for all subjects was −0.37 dB/year
(95% confidence interval (CI), −0.41 to −0.33; p < 0:001) or
− 2.13% (95% CI, −2.81% to −1.44%; p < 0:001) on a linear
scale (1/Lambert). The progression rate of sensitivity for
the S4 was −0.25 dB/year (95% CI, −0.31 to −0.20; p <
0:001) and 0.018/year (95% CI, 0.015 to 0.020; p < 0:001)
for VA.

Figure 1 shows the results of the analysis of the effects of
variables on MD progression rates. A linear mixed model
with an interaction term was used to determine the changes
in the MD. All models included one of the variables (base-
line MD, sex, and hereditary form), time (years), and an
interaction between the variable and time, as well as random
intercepts for time for each subject. The MD of the moderate
RP group showed a faster decrease than that of the late RP
group (difference: −0.22 dB/year, p < 0:001) and the mild
RP group (difference: −0.29 dB/year, p < 0:001) (Figure 1).
Sex did not show a statistically significant interaction
between times on the MD progression rate. For hereditary
form, the MD of the AD group showed a slower decrease
than that of the sporadic group (difference: 0.14 dB/year,
p = 0:02).

Figure 2 shows the results of the analysis of the effects of
variables on S4 progression rates. The S4 progression rates of
the late RP and moderate RP groups showed a faster
decrease than those of the mild RP group (difference: late
group, −0.24 dB/year, p = 0:011; moderate group, −0.30 dB/
year, p < 0:001). The S4 of the female group had a slower
decrease than that of the male group (difference: 0.13 dB/
year, p = 0:024). The hereditary form did not show a statisti-

cally significant interaction between times on the S4 progres-
sion rate.

Figure 3 shows the results of the analysis of the effect of
variables on logMAR VA progression rates. VA of the
moderate and mild RP groups had a slower increase than
that of the late group (difference: moderate group, −0.011/
year, p = 0:0062; mild group, −0.017/year, p < 0:001). VA
of females had a slower increase than that of males (differ-
ence: −0.015/year, p < 0:001). For hereditary forms, VA of
the AD and AR groups had a slower increase than that of
the sporadic group (difference: AD, −0.009/year, p = 0:034;
AR, −0.010/year, p = 0:043).

Figure 4 shows the plots of the MD, S4, and logMAR VA
for all patients in the mild, moderate, and late groups.

4. Discussion

We investigated the visual function changes in 235 eyes of
121 patients using data from the HFA10-2 program and a

Table 1: Demographic data for the participants.

All data Mild RP Moderate RP Late RP p value
RE LE RE LE RE LE RE LE

Number 121 114 32 28 69 69 20 17

Age (years)
52:5 ± 16:2 (10

to 81)
52:8 ± 12:5 (10

to 76)
51:5 ± 16:7 (19

to 81)
55:5 ± 12:5 (21

to 78)
0.71

Sex (female %) 67 (55.3) 17 (53) 40 (57) 10 (50) 0.78

AD/AR/sporadic 13/13/95 4/2/26 8/8/53 1/3/16 0.77

Follow-up years 6:71 ± 1:7 (5-11)
6:96 ± 1:95 (5

to 11)
6:69 ± 1:7 (5 to

11)
6:35 ± 0:9 (5 to

8)
0.76

logMAR VA
0:17 ± 0:3 (-0.07

to 2)
0:05 ± 0:2

(-0.07 to 0.69)
0:15 ± 0:2
(-0.08 to 1)

0:48 ± 0:2
(-0.07 to 2)

<0.0001

MD (dB)
−13:52 ± 9:0
(-33.5 to 0.76)

−2:9 ± 1:6 (-4.9
to 0.76)

−14:2 ± 5:0
(-24.5 to 5.4)

−28:5 ± 2:8
(-33.5 to -25.1)

<0.0001

S4 (dB)
28:4 ± 6:5 (0.83

to 36.5)
32:6 ± 2:0 (27.8

to 36.5)
28:7 ± 4:5 (9.1

to 34.8)
20:2 ± 9:5
(0.83-32.8)

<0.0001

RE: right eye; LE: left eye; RP: retinitis pigmentosa; AD: autosomal dominant; AR: autosomal recessive; logMAR VA: logarithm of the minimum angle of
resolution visual acuity; MD: mean deviation of the Humphrey central 10-2 program; S4: average sensitivity of central four points of the Humphrey
central 10-2 program. Values are presented as mean ± standard deviation (range).

Table 2: Mean progression rate of MD, S4, and logMAR VA.

Outcome Coefficient 95% CI p value

MD (dB)

Intercept -11.89 -13.61, -10.18 <0.001
Time (years) -0.37 -0.41, -0.33 <0.001

S4 (dB)

Intercept 29.82 28.60, 31.04 <0.001
Time (years) -0.25 -0.31, -0.20 <0.001

logMAR VA

Intercept 0.113 0.051, 0.175 <0.001
Time (years) 0.018 0.015, 0.020 <0.001

CI: confidence interval; logMAR VA: logarithm of the minimum angle of
resolution visual acuity; MD: mean deviation of the Humphrey central 10-
2 program; S4: average sensitivity of central four points of the Humphrey
central 10-2 program.
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VA test for at least 5 years. We classified patients into three
groups, mild RP, moderate RP, and late RP, to examine
whether there is a difference in the natural course of central
visual field sensitivity on the basis of the HFA perimeter and
VA for each stage in this study. We further investigated
whether sex and hereditary forms affect the progression rate.
Although a few studies have shown the natural course of
visual sensitivities using automated static perimetry [21, 32,
33], we included a large number of patients with a long
observation period in this study.

Our result revealed that the mean reduction of the MD
for all subjects was −0.37 dB/year (Table 2). Nakazawa et al.
reported that progression rate of the mean MD for a period
of 49.2 months for 14 control RP patients was -0.89 dB/year
[7]. Fujiwara et al. reported that the mean MD slope of 118
RP patients was -0.47 dB/year [33]. The mean reduction of
the sensitivity for S4 was −0.25 dB/year. Progression rate of
the mean sensitivity for S4 of 45 patients was reported to
be -0.33 dB/year in Sayo’s study [21], -0.58 dB/year in Fuji-
wara’s study, and -1.29 and -1.75 in the right and left eyes,
respectively, in Nakazawa’s study [32]. Overall, the progres-
sion rates of the HFA 10-2 values were reported to be faster
in the previous reports than in our study. The presumed rea-
son is the difference in the number of patients and observa-

tion period and the difference in the distribution of stages
and study design. For example, patients whose baseline
MD was less than -30 dB or more than -5 dB were excluded
from Sayo’s study.

The mean reduction in logMAR VA for all subjects in
this study was 0.018 per year. Although there are very few
reports on the natural course of VA in RP patients, Ogino
et al. reported that the mean VA progression slope of 19
RP patients was 0.015 dB/year [20]. These results are similar
to those of our study.

Few reports have investigated the progression rate of the
MD as per the stage of RP. Sayo et al. reported that the mean
baseline MD (-17.9 dB) was used to compare the progression
of the two groups, and the MD progression rate was not sig-
nificantly different between the two groups [21]. Fast pro-
gression in the moderate group (Figure 1) may be due to
the changes in the MD value that were affected by the large
number of measurement points in the HFA10-2 program.
Moreover, progression of the mild group was underesti-
mated because they have lost visual sensitivity mainly out-
side the central 10 degrees.

Our results showed that the S4 progression rates of the
late RP and moderate RP groups showed a faster decrease
than those of the mild RP group (Figure 2). In Sayo’s study,
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Figure 1: Analysis of the effect of variables on MD progression rate. CI: confidence interval; RP: retinitis pigmentosa; AD: autosomal
dominant; AR: autosomal recessive; MD: mean deviation of the Humphrey central 10-2 program.
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Figure 2: Analysis of the effect of variables on S4 progression rate. CI: confidence interval; RP: retinitis pigmentosa; AD: autosomal
dominant; AR: autosomal recessive; S4: average sensitivity of central four points of the Humphrey central 10-2 program.
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progression was fast in the S4 in the advanced RP group
(baseline MD< −17:9dB) [21]. Ogino et al. reported that
the participants with short ellipsoid zone (EZ) length as eval-
uated by OCT progressed faster in the central 4 points area
than in other areas and those with long EZ length progressed

faster in the peripheral area [20]. These results were consis-
tent with our findings.

To the best of our knowledge, there have been no reports
comparing the progression of VA with the stages of RP.
Iijima reported a high correlation between VA and retinal

0.013 0.01, 0.02
0.09

0.000030.018 0.01, 0.02
0.0062
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0.83

0.011 0.00, 0.02 0.043 0.034

0.021 0.02, 0.02

Figure 3: Analysis of the effect of variables on logMAR VA progression rate. CI: confidence interval; RP: retinitis pigmentosa; AD:
autosomal dominant; AR: autosomal recessive; logMAR VA: logarithm of the minimum angle of resolution visual acuity.
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sensitivity in the central 2 deg in the HFA 10-2 program. In
contrast, Ogino et al. reported that VA and visual field were
not related. The reason for the difference in these reports
may be that VA is a test of the point function of the fovea,
while the visual field test is an indicator of two-
dimensional visual function.

Since the central visual function is mainly impaired in
the terminal stage, while the peripheral vision is impaired
in the earlier stage, our progression rate results for each stage
of RP of the mean sensitivity for the S4 and logMAR VA are
reasonable. These results indicated that the retinal sensitivity
for the S4 and logMAR VA would be more appropriate than
the MD values of the HFA10-2 program when assessing cen-
tral vision function. Therefore, these two parameters may be
suitable parameters for the assessment of the terminal stage.

Some studies revealed that the progression of visual sen-
sitivities or the EZ length on OCT varied depending on the
hereditary form [24–26]. However, several studies have
reported that the differences among the hereditary forms
were not significant [21, 33, 34]. Our results showed a signif-
icant difference between sporadic and AD groups for the
MD and between sporadic and AD groups and sporadic
and AR groups for VA. Jauregui et al. reported that the pro-
gression was slowest in the AD group [24], which is consis-
tent with our results. However, genetic testing was not
performed in our study, and the sample size was small; fur-
ther research on the difference in the rate of progression of
visual function in RP patients between the genotypes is
needed.

Our study showed differences in the progression rates of
the S4 and VA based on sex. The presence of estrogen recep-
tors in different retinal layers has been reported [35]; more-
over, biological sex and sex hormone profiles are considered
an important cause of functional and structural differences
in the retina [36]. Studies using mice have clarified the dif-
ferences in retinal structure between males and females
and found that retinal function, which was measured by
multifocal electroretinography, is better in females of repro-
ductive age than in males and older females [37]. Moreover,
some studies have indicated that progestin therapy appears
to improve the course of RP [27–29]. Several past studies
have shown no difference in the progression rate of the
MD, S4, and retinal structure according to sex [21, 25, 33].
These results, which are different from ours, could be due
to the differences in sample size or selection bias. Our results
indicate that there might be differences in the progression of
central vision function according to sex.

In the analysis of MD progression rates over time, the
baseline MD and hereditary form were found to be associ-
ated factors (Figure 1). As for the confounding factors, no
statistically significant correlation was found in the associa-
tion analysis of patient characteristics (Table 1); thus, we
concluded that no confounding had occurred. In other
words, the baseline MD and hereditary form were consid-
ered to have independent effects on the temporal changes
in the MD. Similarly, for the analysis of S4 and VA progres-
sion rates (Figures 2 and 3), there was no confounding
between the baseline MD, sex, and hereditary form
(Table 1).

This study has several limitations. First, the number of
participants was small. Therefore, it was difficult to perform
a stratified analysis for each genetic form and sex with the
number of cases. Second, selection bias was inevitable
because only those who could test for the HFA10-2 program
were enrolled, and a smaller number of patients were
enrolled in the mild and late groups than in the moderate
group. Third, genetic testing of the participants was not per-
formed, although we interviewed them regarding their fam-
ily history and created detailed family trees to determine the
pattern of inheritance. The number of AD/AR cases in this
study was smaller than those in previous reports [38, 39].
Since we inferred the genetic form from the pedigree, AD/
AR cases might have been included within the sporadic
cases. There were more AD, AR, and XL cases among the
922 participants identified during the medical record search;
however, they were excluded from the study because they
did not meet the inclusion criteria or fulfilled the exclusion
criteria. The results of this study should be interpreted with
caution since genetic testing was not performed. Further
studies using genetic testing are needed. Fourth, we consid-
ered that it was inappropriate to use dB when we calculated
the average of the central four points of the HFA10-2 pro-
gram, as dB is a logarithmic scale. Thus, we converted the
logarithmic scale (dB) to linear scale (1/Lambert) when cal-
culating the central four points of the HFA10-2 program.
However, the logarithmic scale (dB) is more familiar to the
clinicians than the linear scale (1/Lambert); moreover, previ-
ous studies used a logarithmic scale when calculating the
progression rate of the sensitivity of the HFA10-2 program
[32, 33]; we selected the logarithmic scale, except for the cal-
culation of the central four points and the year progression
rate of the MD and S4 in the simple regression analysis.
Liebmann et el. pointed out that the rate of progression is
underestimated in early stages and overestimated in severe
stages when measuring glaucoma progression on a logarith-
mic scale [40]. If we selected a linear scale (1/Lambert) in
every other analysis, the results might be different. Fifth,
we did not determine the onset of symptoms. The reason
was that pathological findings occur before the onset of sub-
jective symptoms, and the period from that point to the
awareness of symptoms varies between patients. Moreover,
the patients’ memories regarding the onset of subjective
symptoms were ambiguous, thus making it more difficult
to determine the exact date of onset.

5. Conclusions

Our results revealed that the progression rates of VA and
visual field tests differed as per the RP stage, and the appro-
priate tests for evaluation may differ depending on the stage
of RP. Moreover, inheritance form and sex may affect the
progression rate. Our results can be useful in predicting
the natural course of patients with RP.

Data Availability

All the data supporting our findings are contained within the
manuscript.
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