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Abstract
Myopia is associated with retinal detachment (RD), a sight-threatening condition. This study aimed to determine whether specific myopic photoreceptor

(PR)  thickness  profiles  are  associated  with  RD.  In  total,  10,328  myopic  participants  from  the  UK  Biobank  who  underwent  baseline  optical  coherence

tomography  (OCT)  imaging  were  included.  Thickness  measurements  of  the  external  limiting  membrane  (ELM)  to  the  inner  and  outer  photoreceptor

segments  (ISOS)  and  from  the  ISOS  to  the  retinal  pigment  epithelium  (RPE)  were  obtained  via  OCT  to  serve  as  indicators  of  the  inner  and  outer

photoreceptor  segments.  Latent  profile  analysis  categorized  participants  into  distinct  photoreceptor  thickness  profiles,  and  Cox's  proportional  hazard

models were used to estimate the hazard ratios (HRs) of RD between the profiles. Two distinct photoreceptor thickness profiles were identified; Profile 2

(including 142 high myopia participants and 862 low/moderate myopia participants) demonstrated thicker ELM–ISOS and thinner ISOS–RPE measurements

than  Profile  1  (including  612  high  myopia  participants  and  8,712  low/moderate  myopia  participants).  After  adjustment  for  all  covariates  (including

demographic factors [age, gender, and ethnicity], socioeconomic factors [education and Townsend deprivation index], systemic factors [body mass index,

high blood pressure, and diabetes],  lifestyle factors [physical activity,  sleep duration, smoking status, and drinking status],  and ocular factors [intraocular

pressure and mean spherical equivalent]), Profile 2 was associated with a significantly increased RD risk compared with Profile 1 (HR, 1.79; 95% confidence

interval  [CI],  1.07−2.99; p =  0.027).  These  findings  suggest  that  photoreceptor  thickness  patterns  may  serve  as  novel  indicators  for  myopic  RD  risk

assessment.
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 Introduction
It  is  projected  that  from  2000  to  2050,  the  global  prevalence  of

myopia  will  increase from 22.9% to 49.8%,  whereas  the prevalence
of  high  myopia  is  expected  to  rise  from  2.7%  to  9.8%[1].  This  trend
may be attributed to reduced time spent outdoors and an increase
in near work activities[2]. Myopia is associated with significant ocular
complications,  one  of  the  most  severe  being  retinal  detachment
(RD), a serious and common sight-threatening emergency[3−5]. RD is
characterized  by  the  pathological  separation  of  the  neurosensory
retina  from  the  underlying  retinal  pigment  epithelium  (RPE).  The
annual incidence of RD ranges from 6.3 to 17.9 per 100,000 individu-
als and a prevalence of approximately 1%[6].

Variations in  photoreceptor  (PR)  thickness  could potentially  indi-
cate  the  PRs'  structural  vulnerability[7,8].  Although  RD  most  com-
monly  originates  in  the  peripheral  retina,  myopia-related  retinal
stretching  and  chorioretinal  degeneration  are  typically  diffuse  pro-
cesses affecting both central and peripheral retinal structures. There-
fore, alterations in macular PR thickness patterns may reflect gener-
alized retinal  structural  susceptibility  that  predisposes  myopic  eyes
to RD. However, the relationship between PR thickness patterns and
susceptibility  to  RD  in  myopia  remains  insufficiently  investigated,
and the specific PR characteristics that warrant closer monitoring or
early intervention have yet to be fully elucidated.

In this study, we aimed to investigate whether specific patterns of
PR thickness  are  associated with a  higher  longitudinal  risk  of  RD in
myopia,  using data  from the UK Biobank.  We applied latent  profile

analysis  (LPA),  an  exploratory,  person-centered  approach,  to  iden-
tify and classify myopic participants into latent groups according to
their PR thickness patterns[9].

 Materials and methods

 Study sample
The  UK  Biobank  (www.ukbiobank.ac.uk)  is  a  large-scale  prospec-

tive  cohort  study.  Recruitment  was  carried  out  at  assessment  cen-
ters  located  across  England,  Scotland,  and  Wales.  The  data  collec-
tion  includes  a  broad  range  of  details  covering  the  participants'
demographic  backgrounds,  daily  habits,  health  conditions,  clinical
measurements, and biological specimens. This study was conducted
using  the  UK  Biobank  resource  (Application  Number  95829),  with
ethical  approval  from  the  North  West–Haydock  Research  Ethics
Committee  (reference  21/NW/0157),  and  the  study  complied  with
the principles outlined in the Declaration of Helsinki.

 Myopia data
In the UK Biobank study, refractive error was assessed utilizing the

Tomey RC 5,000 device (Tomey Corp.,  Nagoya,  Japan).  Refractome-
try results deemed to be unreliable, based on error codes recorded,
were  excluded  from  the  analysis.  Furthermore,  individuals  with  a
history  of  ocular  surgeries,  such as  cataract  surgery,  refractive  laser
eye surgery,  glaucoma or high intraocular pressure surgery or laser
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treatment, or corneal graft surgery, were excluded from the analysis.
The mean spherical equivalent (MSE) refractive error was calculated
using  the  formula  Spherical  Power  +  (0.5  ×  Cylindrical  Power).  An
MSE of −0.75 D or lower was used to define individuals with myopia
for subsequent analysis[10].

 Optical coherence tomography data
In the UK Biobank study, a subset of participants underwent reti-

nal optical coherence tomography (OCT) imaging during their initial
examinations  using  the  Topcon  3D  OCT-1000  Mk2  (Topcon  Corp.,
Tokyo,  Japan)[11].  As  quality  control  procedures,  we excluded scans
with an image quality score (signal strength) below 45[12,13]. Further-
more, we used some quality indicators to identify and exclude scans
with  insufficient  quality,  including  the  inner  limiting  membrane
(ILM)  indicator,  validity  count,  minimum  motion  correlation,  maxi-
mum motion delta, and maximum motion factor[12,13]. The ILM mea-
sure evaluates the strength of the boundary around the ILM across
the  entire  scan,  facilitating  the  detection  of  issues  such  as  blinks,
areas  with  significant  signal  loss,  and  segmentation  problems.  The
validity  count  identifies  scans  that  exhibit  substantial  clipping  in
the z-axis  dimension  of  the  OCT  image.  Motion  indicators,  which
analyze  both  the  nerve  fiber  layer  and  total  retinal  thickness,  were
used  calculate  Pearson's  correlations  and  absolute  differences
between  thickness  measurements  from  consecutive  B-scans.  The
lowest  correlation  and  the  largest  absolute  difference  in  each  scan
were utilized to generate scores that elucidate potential issues such
as blinks and eye movements[12,13].  We then applied the segmenta-
tion- and motion-related quality control  indicators provided by the
UK  Biobank  Eye  Vision  Consortium,  using  their  recommended  cut-
offs to filter scans with unreliable boundaries or substantial motion
artifacts, including the ILM indicator (threshold: 0), the validity count
indicator  (threshold:  744),  minimum  motion  correlation  (threshold:
0.63), maximum motion delta (threshold: 3.6), and maximum motion
factor (threshold: 1.0)[14].

Following  the  exclusion  of  participants  with  inadequate  OCT
quality,  analysis  of  the  PR  parameters  was  conducted,  encompass-
ing  measurement  of  the  thickness  of  the  external  limiting  mem-
brane (ELM) to the inner and outer PR segments (ISOS) and from the
ISOS to the RPE across the central,  inner, and outer subfields[7].  The
spatial definitions of the central, inner, and outer subfields followed
the Early Treatment Diabetic Retinopathy Study (ETDRS) grid used in
the UK Biobank OCT dataset. Specifically, the central subfield spans
a  1-mm  diameter  centered  on  the  fovea,  the  inner  subfield  covers
the annulus from 1–3 mm, and the outer subfield covers the annu-
lus from 3–6 mm from the foveal center[7].  ELM–ISOS and ISOS–RPE
measurements serve as proxies for the inner and outer PR segments,
respectively[7,15].  To ensure comparable  contributions in  latent  pro-
file analysis (LPA), all variables were standardized.

 Latent profile analysis
LPA was conducted to explore the latent profiles of the PR among

individuals  with  myopia.  The  LPA  model  incorporated  PR  thick-
ness  measurements  from  multiple  macular  regions  simultaneously,
including  ELM–ISOS  and  ISOS–RPE  thickness  in  the  central,  inner,
and  outer  ETDRS  subfields.  Therefore,  the  identified  profiles  repre-
sent  distinct  multivariate  patterns  of  PR  thickness  across  these
regions.  Four  distinct  models  were  used  to  estimate  the  profiles.
Model A, which assumes equal variances and sets the covariances to
zero,  is  highly restrictive.  In this  framework,  it  is  presumed that the
variances  of  the  variables  remain  consistent  across  all  profiles,  and
the interrelationships between the variables are not calculated. This

approach simplifies the model by using fewer degrees of freedom to
interpret  the  data.  Model  B,  on  the  other  hand,  allows  for  varying
variances while keeping the covariances at zero, offering more flexi-
bility than Model A by permitting different variances across profiles.
Model C, which assumes both equal variances and covariances, inte-
grates  additional  information  that  could  improve  the  understand-
ing of the profiles and potentially provide a more detailed explana-
tion of the data. Lastly, Model D, characterized by both varying vari-
ances  and  covariances,  is  the  most  intricate,  allowing  for  a  more
comprehensive  examination  of  the  relationships  among  the  vari-
ables that define the profiles[16].

To evaluate the optimal number of profiles (the maximum was set
to  five  to  ensure  a  sufficient  sample  size  in  each  profile)  and  the
optimal model, we compared the Akaike information criterion (AIC)
and  Bayesian  information  criterion  (BIC),  with  lower  values  indicat-
ing  superior  fit.  The  AIC  was  calculated  as −2  times  the  log-likeli-
hood and adjusted for  the number of  parameters,  whereas the BIC
was  also  derived  as −2  times  the  log-likelihood  but  included  a
penalty based on the number of  parameters relative to the sample
size[17].  Entropy  was  used  as  an  indicator  of  classification  accuracy,
and  an  entropy  value  >  0.80  was  considered  to  be  acceptable
for  reliable  profile  assignment[18].  Therefore,  model  selection  was
restricted  to  solutions  with  adequate  entropy.  Among  these  eligi-
ble  models,  the  final  model  was  determined  primarily  by  the  AIC
and BIC.

 Definition and ascertainment of RD incidence
With  reference  to  a  previous  study  investigating  myopia  and  RD

in  the  UK  Biobank[5],  the  following  criteria  were  used  to  identify
cases  of  RD:  International  Classification  of  Diseases  (10th  edition)
(ICD-10) diagnosis codes H33 and ICD-9 diagnosis codes 361. Partici-
pants  with  RD  at  baseline  were  excluded.  The  follow-up  period
lasted from the time the participants completed the baseline assess-
ment until the first occurrence of RD, death, or censoring.

 Covariates
The following covariates were considered when investigating the

association between myopic PR thickness profiles and RD, including
demographic  factors  (age,  gender,  and  ethnicity),  socioeconomic
factors (education, Townsend deprivation index [TDI]), systemic fac-
tors  (body  mass  index  [BMI],  classified  into  four  categories:  Under-
weight,  normal weight,  overweight,  and obese[19];  high blood pres-
sure  [HBP];  diabetes),  lifestyle  factors  (ideal  physical  activity  [yes  or
no], sleep duration, smoking status [never, former, or current], drink-
ing status [never, former, or current]), and ocular factors (intraocular
pressure [IOP] and MSE).

The TDI is a well-established measure of socioeconomic status in
UK  populations,  wherein  higher  scores  indicate  lower  socioeco-
nomic standing[20]. Physical activity was measured utilizing the Inter-
national  Physical  Activity  Questionnaire,  with  ideal  activity  defined
as  achieving either  150  min  of  moderate-intensity  exercise,  75  min
of vigorous-intensity exercise, or a combination totaling 150 min per
week[21].  The  corneal-compensated  IOP  was  also  incorporated  as
a  covariate,  assessed  by  an  Ocular  Response  Analyzer  (Reichert,
Buffalo, New York, USA)[22].

 Statistical analysis
Following  the  selection  of  the  optimal  model  and  profiles,  we

analyzed the distribution of PR thickness and covariates by profiles.
Normally  distributed  variables,  as  assessed  by  the  Kolmogorov–
Smirnov  test,  were  reported  as  mean  ±  standard  deviation  and
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compared  using t-tests  for  two  profiles  and  one-way  analysis  of
variance  for  three  or  more  profiles.  Non-normally  distributed  vari-
ables  are  presented  as  the  median  (interquartile  range,  IQR)  and
compared using the Wilcoxon rank-sum test for two profiles and the
Kruskal–Wallis  test  for  three  or  more  profiles.  Categorical  variables
are  expressed  as  numbers  (percentages)  and  compared  using  the
χ2 test.

To investigate the association between PR thickness profiles and
RD,  we  used  Cox's  proportional  hazard  regression  models.  Three
models  were  constructed:  Model  1  was  unadjusted;  Model  2  was
adjusted  for  age,  gender,  and  ethnicity;  and  Model  3  included  fur-
ther adjustments for all covariables, including age, gender, ethnicity,
education, TDI,  BMI, HBP, diabetes, physical activity,  sleep duration,
smoking  status,  drinking  status,  IOP,  and  MSE.  Multicollinearity  in
Model  3  was  assessed  using  generalized  variance  inflation  factors
(GVIFs).  For  variables  with  more  than  one  degree  of  freedom,  we
reported GVIF1/(2 × Df) as a standardized measure that was compara-
ble across predictors.

We further  conducted subgroup analyses based on age (middle-
aged adults/older  adults,  categorized using a threshold of  60 years
old)[23],  gender  (male/female),  ethnicity  (White/non-White),  ideal
physical  activity  (yes/no),  sleep  duration  (short/long,  categorized
using the median levels of  the participants),  IOP (low/high,  catego-
rized  using  the  median  levels  of  the  participants),  and  MSE  (low/
high, categorized using the median levels of the participants). Inter-
action  effects  were  evaluated  by  incorporating  interaction  terms
between  PR  thickness  profiles  and  stratified  variables.  The p-value
< 0.05 for the interaction was considered to be a statistically signifi-
cant interaction effect.

Data  analyses  were  performed  using  R  4.4.0  (R  Foundation,
Vienna,  Austria).  All  tests  of  significance  were  two-sided,  and
p-values < 0.05 were considered to be statistically significant.

 Results

 Latent profile of PR thickness
Among the various models and classification strategies, 10 demon-

strated satisfactory classification performance (entropy values > 0.8).
Among  these,  Model  D  with  two  profiles  was  deemed  to  be  the
most  appropriate  option  because  it  had  the  lowest  BIC  and  AIC
values (Table 1).

Two  latent  profiles  of  PR  thickness  were  subsequently  identified
among  individuals  with  myopia.  Compared  with  profile  1  patici-
pants  (N =  9,324),  Profile  2  participants  (N =  1,004)  exhibited  rela-
tively  thicker  ELM–ISOS  thicknesses  in  the  central  (Z-score:  0.33,
IQR, −0.44  to  1.90),  inner  (Z-score:  1.13,  IQR,  0.12–2.27),  and  outer
(Z-score: 1.89, IQR, 0.88–2.72) subfields, as well as thinner ISOS–RPE
thicknesses  in  the  central  (Z-score: −0.51,  IQR, −2.38  to  0.37),  inner
(Z-score: −0.53,  IQR, –1.99  to  0.28),  and  outer  (Z-score: −1.15,
IQR, −2.48  to  0)  subfields  (all p <  0.001  between  the  two  profiles
according to the Wilcoxon rank-sum test) (Fig. 1).

 Baseline characteristics
Of  the  10,328  participants  included,  9,324  were  in  the  Profile  1

group,  and  1,004  were  in  the  Profile  2  group.  In  comparison  with
those in the Profile 1 group, participants in the Profile 2 group were
significantly older (Profile 1: 55.00, IQR: 48.00–61.00; Profile 2: 56.00,
IQR, 49.00–62.00; p < 0.001) and more likely to be male (54.18% vs.
46.21%, p < 0.001). Additionally, they exhibited a higher prevalence
of  HBP  (26.89%  vs.  23.96%, p =  0.043)  and  demonstrated  a  lower
MSE (Profile 1: −2.18, IQR: −3.72 to −1.29; Profile 2: −2.85, IQR, −4.87
to −1.72; p <  0.001).  Profile  1  and  Profile  2  participants  displayed
comparable  patterns  for  ethnicity,  education,  TDI,  BMI,  physical
activity,  sleep  duration,  smoking  and  drinking  behavior,  diabetes,
and IOP (Table 2).

 PR thickness patterns and RD
Compared  with  Profile  1  participants,  participants  in  Profile  2

exhibited  a  significantly  increased  risk  of  RD.  In  Model  1  (unad-
justed), the hazard ratio (HR) was 2.23 (95% confidence interval [CI],
1.35−3.68, p =  0.002).  After  adjusting  for  demographic  factors
(Model  2),  the HR decreased to  2.12 (95% CI,  1.28−3.50, p =  0.003).
Subsequent full adjustments in Model 3 yielded similar results, with
an  HR  of  1.79  (95%  CI,  1.07−2.99, p =  0.027),  demonstrating  a  79%
increased risk of RD in Profile 2 PR thickness (Table 3). All GVIF1/(2 × Df)

values  were  close  to  1  (range:  1.004–1.072),  indicating  negligible
multicollinearity.

In subgroup analysis according to age, gender, ethnicity, physical
activity,  sleep  duration,  IOP,  and  MSE,  significant  associations  after
full  adjustment  in  Model  3  were  documented  in  individuals  who
were middle-aged (HR, 2.10, 95% CI, 1.08−4.06, p = 0.028), male (HR,
2.24,  95%  CI,  1.22−4.10, p =  0.009),  White  (HR,  1.88,  95%  CI,
1.10−3.20, p =  0.021),  had  ideal  physical  activity  (HR,  2.65,  95%  CI,

 

Table 1.  Model fit indices for the LPA of PR thickness.

Model Profile AIC BIC Entropy Sample proportion (smallest class) Sample proportion (largest class)

A 2 156,930.18 157,067.79 1.00 0.02 0.98
A 3 147,606.78 147,795.09 0.86 0.02 0.56
A 4 143,841.44 144,080.44 0.83 0.02 0.47
A 5 141,507.19 141,796.89 0.84 0.02 0.44
B 2 151,501.49 151,682.55 0.95 0.07 0.93
B 3 138,565.49 138,840.71 0.88 0.07 0.47
B 4 132,870.19 133,239.56 0.86 0.06 0.39
B 5 130,586.77 131,050.29 0.83 0.06 0.30
C 2 122,149.30 122,395.55 1.00 0.03 0.97
C 3 123,259.51 123,556.46 0.41 0.04 0.53
C 4 119,228.96 119,576.61 0.52 0.00 0.95
C 5 117,364.12 117,762.47 0.62 0.02 0.81
D 2 112,026.30 112,424.64 0.91 0.10 0.90
D 3 109,411.13 110,012.27 0.74 0.09 0.69
D 4 107,692.97 108,496.90 0.75 0.07 0.69
D 5 106,719.06 107,725.78 0.74 0.06 0.53

AIC, Aikake information criterion; BIC, Bayesian information criterion.
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1.47−4.78, p =  0.001),  had  long  sleep  duration  (HR,  2.50,  95%  CI,
1.11−5.64, p = 0.027),  had low IOP (HR, 2.66,  95% CI,  1.33−5.35, p =
0.006),  and  had  low  MSE  (HR,  1.84,  95%  CI,  1.01−3.35, p =  0.045).
However,  it  is  important  to  note  that  these  associations  were
observed  without  significant  interaction  effects  (p for  interaction
> 0.05), suggesting that the association between PR profiles and RD
in myopia was robust across subgroups (Table 3).

 Discussion
This  study  utilized  a  cohort  of  10,328  participants  from  the  UK

Biobank  to  investigate  the  association  between  the  PR  thickness
profiles  in  individuals  with  myopia  and  the  risk  of  developing  RD.
The investigation revealed several key findings. (1) According to the
LPA,  the  myopic  PR  thickness  can  be  classified  into  two  distinct
profiles. (2) Compared with Profile 1, Profile 2 participants exhibited
a  thicker  inner  PR  segment  thickness  and  a  thinner  outer  PR  seg-
ment  thickness.  (3)  Myopic  participants  with  Profile  2  PR  thickness
exhibited an 79% increased risk of RD.

The ISOS–RPE measurement serves as an indirect indicator of the
PR's  outer  segment  (POS).  The  POS  comprises  multiple  layers  of
plasma  membrane  discs  that  contain  visual  pigments.  In  healthy
retina,  the  PR  maintains  a  generally  stable  length  by  continuously
forming  new  outer  segments  from  the  base  while  also  shedding
mature  outer  segments,  which  are  subsequently  engulfed  by  the
RPE  through  phagocytosis[24].  The  POS  interdigitates  with  the  RPE
and  is  crucial  in  homeostatic  maintenance  of  the  outer  retina[25].
Pathological  conditions  can  reduce  the  POS's  length,  and  thin-
ning  of  the  POS  may  compromise  this  interaction,  predisposing
the  retina  to  detachment  under  the  pathological  stress  of  myopic
elongation[26].  The reduction in POS in myopic individuals may also
indicate early PR degeneration.

Similarly,  the ELM–ISOS measurement is  widely considered to be
a proxy indicator for the PR's inner segment (PIS)[7]. In this study, we
observed that the PR thickness profiles with a higher RD risk exhib-
ited a  thicker  ELM–ISOS measurement.  As  mitochondria  are  promi-
nent  in  the  inner  segments,  abnormalities  in  the  outer  retina  can

induce mitochondrial swelling, leading to a thickening in the PIS[27].
According to previous investigations,  exposure to particulat  matter
(PM2.5) and NO2 exposure were associated with thicker PIS in the UK
Biobank  data[8].  The  pattern  we  observed  may  also  indicate  that
patterns with a thicker ELM–ISOS are related to pathological myopic
retinal changes.

This study significantly advanced our understanding of the latent
group  structures  of  PR  thickness  in  myopia  and  its  associated
RD  risk.  The  OCT-derived  measurements  of  PR  thickness  not  only
provide  insights  into  the  histological  patterns  in  myopic  eyes  but
also  serve  as  potential  biomarkers  for  assessing  RD  risk.  The  study
exhibits  several  notable  strengths  that  enhance  its  validity.  First,  it
used LPA,  which offers  a  person-centered,  data-driven approach to
discover hidden heterogeneity by objectively identifying and classi-
fying  latent  subgroups  on  the  basis  of  multiple  variables,  enabling
more nuanced insights into complex multivariate relationships with-
out  a  priori  assumptions  about  the  group  structure.  Secondly,  it
utilizes  data  from  the  UK  Biobank,  a  large-scale,  ongoing  cohort
study.  By  using  a  longitudinal  cohort  design,  the  study  effectively
examines different PR thickness profiles and their potential associa-
tion with RD,  offering valuable insights into identifying the specific
PR thickness profile with an increased RD risk that requires focused
attention.

However,  the  study  has  some  limitations.  First,  despite  highly
myopic  eyes  being  at  greater  risk  for  RD,  we  had  to  expand  our
research focus to include all myopic individuals because of the rela-
tively  limited  sample  size  of  high-myopia  cases  in  the  UK  Biobank.
Although this approach provides more generalizable insights across
the spectrum of myopia severity,  it  may dilute the specific patterns
that might be more pronounced in highly myopic eyes. Second, our
analysis  lacked  important  covariates  available,  such  as  a  family
history of RD, as well as axial length measurements, with MSE being
used  as  a  proxy  covariate,  considering  the  strong  correlation
between  MSE  and  axial  length[28].  However,  this  may  not  fully
account  for  the  anatomical  elongation  characteristics  of  myopic
eyes.  Residual  confounding  from  unmeasured  axial  length  cannot
be entirely excluded. If axial length is independently associated with
both  PR  thickness  patterns  and  RD  risk,  incomplete  adjustment

 

a

b

c

Fig. 1  Distribution of Z-scores for PR thickness, comparing distinct profiles derived via LPA. (a) Distribution of Z-scores among participants. Positive values
indicate thicker values relative to the cohort mean; negative values indicate thinner values. (b) Comparison of PR thickness parameters across identified
profiles.  (c)  Visualization  of  the  two  identified  PR  profiles  to  conceptually  summarize  the  relative  differences  in  the  inner  and  outer  PR  segments
(schematic illustration, not to scale). ELM, external limiting membrane; ISOS, inner and outer PR segments; RPE, retinal pigment epithelium.
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could partially influence the estimated HRs. Nevertheless, we incor-
porated MSE as a covariate in fully adjusted models and additionally
conducted  subgroup  analyses  stratified  by  MSE  level.  The  associa-
tion  between  PR  profiles  and  RD  remained  directionally  consistent
across  MSE  strata,  suggesting  that  the  observed  relationship  is
unlikely to be solely explained by refractive severity.  Future studies
incorporating  direct  axial  length  measurements  are  warranted.
Third,  the  UK  Biobank  PR  measurements  only  provided  data  on
concentric  subfields  (central,  inner,  and  outer),  without  directional
differentiation  of  the  superior,  inferior,  nasal,  or  temporal  regions.
Future studies incorporating direction-specific measurements would
provide  more  comprehensive  insights  into  the  spatial  heterogene-
ity  of  retinal  patterns  associated  with  RD  in  myopia.  Fourth,  the
subgroup  analyses  should  be  interpreted  cautiously.  Although  no
statistically significant interaction effects were observed, interaction
tests  typically  require larger sample sizes than main effect  analyses
to  detect  effect  modification.  Given  the  relatively  low  incidence  of
RD  and  smaller  sample  sizes  in  certain  subgroups  (e.g.,  non-White
participants),  our  study  may  have  been  underpowered  to  detect
modest  interaction  effects.  Therefore,  the  absence  of  a  significant
interaction  does  not  definitively  exclude  potential  heterogeneity
across  subgroups,  and  future  studies  with  larger  event  numbers
are  warranted.  Fifth,  as  UK  Biobank  is  a  population-based  cohort
designed  for  large-scale  standardized  assessment  rather  than
disease-specific  deep  phenotyping,  highly  specialized  ophthalmic
imaging  modalities  (e.g.,  advanced  RPE  morphometry)  were  not
available.  Future  dedicated  myopia  or  RD  cohorts  incorporating
multimodal  imaging  and  molecular  profiling  may  further  elucidate
the  mechanistic  basis  of  the  identified  structural  pattern.  Another
limitation is that RD diagnoses in the UK Biobank are recorded using
ICD codes  at  the  participant  level  rather  than the eye level.  Conse-
quently,  the  association  between  photoreceptor  PR  patterns  and
RD  risk  was  evaluated  at  the  participant  level.  This  limitation  may
introduce some degree of exposure misclassification, although simi-
lar approaches have been used in previous UK Biobank-based oph-
thalmic  studies[5].  In  addition,  different  subtypes  of  retinal  detach-
ment  may  involve  distinct  pathophysiological  mechanisms  and
could  potentially  show  different  relationships  with  the  PRs'  struc-
tural  patterns.  However,  the  number  of  incident  RD  cases  in  this
longitudinal  cohort  was  relatively  limited,  and  further  stratification

 

Table  2.  Baseline  characteristics  of  the  participants  between  PR  thickness
profiles.

Characteristics Profile 1 (N = 9,324) Profile 2 (N = 1,004) p-Value

Age 55.00 (48.00, 61.00) 56.00 (49.00, 62.00) < 0.001
Gender < 0.001

Female 5,015.00 (53.79%) 460.00 (45.82%)
Male 4,309.00 (46.21%) 544.00 (54.18%)

Ethnicity 0.193
Non-White 783.00 (8.40%) 97.00 (9.66%)
White 8,541.00 (91.60%) 907.00 (90.34%)

Education 0.064
College 4,593.00 (49.26%) 526.00 (52.39%)
Other levels 4,731.00 (50.74%) 478.00 (47.61%)

TDI −1.62 (−3.37, 0.87) −1.44 (−3.26, 1.26) 0.090
BMI 0.451

Underweight 46.00 (0.49%) 7.00 (0.70%)
Normal 3,335.00 (35.77%) 338.00 (33.67%)
Overweight 3,910.00 (41.93%) 427.00 (42.53%)
Obese 2,033.00 (21.80%) 232.00 (23.11%)

Ideal physical activity 0.146
No 3,758.00 (40.30%) 429.00 (42.73%)
Yes 5,566.00 (59.70%) 575.00 (57.27%)

Sleep duration 7.00 (6.00, 8.00) 7.00 (6.00, 8.00) 0.995
Smoking status 0.495

Never 5,017.00 (53.81%) 556.00 (55.38%)
Previous 3,258.00 (34.94%) 332.00 (33.07%)
Current 1,049.00 (11.25%) 116.00 (11.55%)

Drinking status 0.376
Never 364.00 (3.90%) 43.00 (4.28%)
Previous 336.00 (3.60%) 44.00 (4.38%)
Current 8,624.00 (92.49%) 917.00 (91.33%)

HBP 0.043
No 7,090.00 (76.04%) 734.00 (73.11%)
Yes 2,234.00 (23.96%) 270.00 (26.89%)

Diabetes 0.405
No 8,874.00 (95.17%) 949.00 (94.52%)
Yes 450.00 (4.83%) 55.00 (5.48%)

IOP 15.80 (13.80, 18.02) 15.96 (13.71, 18.18) 0.320
MSE −2.18 (−3.72, −1.29) −2.85 (−4.87, −1.72) < 0.001

BMI,  body  mass  index;  TDI,  Townsend  deprivation  index;  HBP,  high  blood
pressure; IOP, intraocular pressure; MSE, mean spherical equivalent. Non-normally
distributed  variables  are  presented  as  median  (interquartile  range,  IQR)  and
compared using the Wilcoxon rank-sum test.  Categorical  variables are expressed
as numbers (percentages) and compared using the χ2 test.
 

Table 3.  Associations between PR thickness profiles and the incidence of RD among individuals with myopia.

Model 1 Model 2 Model 3

HR (95% CI) p-Value p-Value for
interaction HR (95% CI) p-Value p-Value for

interaction HR (95% CI) p-Value p-Value for
interaction

Overall 2.23 (1.35−3.68) 0.002 − 2.12 (1.28−3.50) 0.003 − 1.79 (1.07−2.99) 0.027 −
Subgroup analysis
Age group Middle-aged

adults
2.30 (1.20−4.43) 0.012 0.818 2.23 (1.16−4.29) 0.017 0.807 2.10 (1.08−4.06) 0.028 0.712

Older adults 2.05 (0.94−4.47) 0.070 1.99 (0.91−4.34) 0.083 1.89 (0.86−4.15) 0.114
Gender Female 1.57 (0.61−4.00) 0.347 0.404 1.55 (0.61−3.96) 0.360 0.405 1.34 (0.51−3.51) 0.550 0.388

Male 2.50 (1.37−4.55) 0.003 2.47 (1.35−4.50) 0.003 2.24 (1.22−4.10) 0.009
Ethnicity Non-White 3.24 (0.63−16.72) 0.160 0.641 2.88 (0.56−14.94) 0.208 0.639 2.04 (0.37−11.29) 0.412 0.598

White 2.16 (1.28−3.66) 0.004 2.06 (1.21−3.49) 0.007 1.88 (1.10−3.20) 0.021
Ideal physical
activity

No 1.06 (0.37−2.98) 0.916 0.073 1.00 (0.35−2.83) 0.999 0.075 0.96 (0.34−2.73) 0.939 0.070
Yes 3.15 (1.76−5.64) < 0.001 3.00 (1.68−5.39) < 0.001 2.65 (1.47−4.78) 0.001

Sleep duration Long 2.98 (1.34−6.60) 0.007 0.377 2.69 (1.21−5.99) 0.015 0.392 2.50 (1.11−5.64) 0.027 0.370
Short 1.88 (0.99−3.60) 0.055 1.84 (0.96−3.51) 0.067 1.68 (0.87−3.23) 0.120

IOP High 1.54 (0.73−3.27) 0.255 0.150 1.44 (0.68−3.06) 0.340 0.141 1.36 (0.64−2.89) 0.426 0.190
Low 3.24 (1.64−6.41) 0.001 3.19 (1.61−6.31) 0.001 2.66 (1.33−5.35) 0.006

MSE High 2.16 (0.84−5.58) 0.112 0.918 2.13 (0.82−5.51) 0.120 0.894 2.04 (0.79−5.31) 0.142 0.822
Low 2.04 (1.13−3.68) 0.018 1.88 (1.04−3.40) 0.038 1.84 (1.01−3.35) 0.045

HR,  hazard  ratio;  CI,  confidence  interval;  IOP,  intraocular  pressure;  MSE,  mean  spherical  equivalent.  Profile  1  PR  thickness  was  set  as  the  reference.  In  the  subgroup
analysis, sleep duration, IOP, and MSE were reorganized as binary variables based on the median levels of the participants.
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by subtype resulted in insufficient statistical power for a stable esti-
mation.  Therefore,  RD  was  analyzed  as  a  single  outcome  in  the
present study. Future studies with larger numbers of RD events may
allow  a  more  detailed  exploration  of  subtype-specific  associations.
Moreover, the findings are derived from a UK Biobank cohort, which
is known to have a "healthy volunteer" selection bias[29].

 Conclusions
In  conclusion,  this  study  utilized  LPA  to  elucidate  the  complex

structural  variations in  PR thickness  among myopic  individuals  and
to  investigate  their  association  with  RD  incidence.  We  identified
that  a  specific  retinal  pattern  characterized  by  increased  inner  PR
segment  thickness  and  decreased  outer  PR  segment  thickness
was associated with an elevated risk of RD. These findings not only
provide  novel  insights  into  the  latent  group  structure  of  PR  in  the
myopic retina but also offer potential indicators for RD risk. Replica-
tion  in  other  large-scale,  prospective  cohorts  will  be  important  to
further  establish  the  robustness  and  clinical  applicability  of  these
findings.
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