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Summary
What is already known about this topic?
Myopia  has  been  identified  as  a  significant  emerging
challenge  and  policy  priority  among  children  and
adolescents in China by the Ministry of Education and
seven  other  departments.  Limited  research  has  been
conducted  to  investigate  the  collective  impact  of
outdoor  time  and  other  modifiable  factors  on  the
incidence of myopia.
What is added by this report?
This study provides support for the protective effect of
combining  increased  outdoor  time  with  other
prevention  strategies  in  reducing  the  incidence  of
myopia.  The  results  indicate  the  presence  of  a  dose-
response relationship.
What  are  the  implications  for  public  health
practice?
To  effectively  prevent  myopia,  it  is  important  to
implement  comprehensive  interventions  that
encompass  various  aspects  such  as  outdoor  time,  eye-
use  habits,  eye-use  environments,  and  lifestyle
modifications.

Myopia  is  a  global  public  health  concern,  affecting
approximately  30%  of  the  world’s  population  and  is
expected to reach 50% by 2050 (1). In China, myopia
was  recognized  as  a  significant  health  issue  by  the
Lancet Commission in 2021 and identified as a major
emerging challenge and policy priority for children and
adolescents  by  the  Ministry  of  Education  and  seven
other  departments  of  the  People’s  Republic  of  China
(2–3). Increasing outdoor time has been identified as a
preventive  measure  against  myopia  in  children  (4).
However,  other  modifiable  factors,  with  equivocal  to
modest evidence of a relationship with myopia, which
have  not  been  studied  in  depth,  are  worth
investigation, given a looming myopia epidemic (5). In
this  study,  researchers  analyzed  follow-up  data  to

examine  the  combined  impact  of  outdoor  time  and
other  modifiable  factors  on  myopia  incidence.  Its
findings revealed a dose-response relationship between
these  factors  and  myopia  risk.  To  effectively  combat
myopia,  comprehensive  interventions  addressing
multiple factors are necessary.

Data  were  collected  from  a  follow-up  investigation
conducted  in  China  across  nine  provincial-level
administrative  divisions  (PLADs):  namely  Guangxi,
Chongqing,  Gansu,  Hunan,  Henan,  Shanxi,  Fujian,
Shanghai,  and  Jiangsu.  The  investigation  took  place
between  September  and  November  of  2020,  with
baseline information gathered in June of the same year.
Supplementary  Figure  S1  (available  at  https://
weekly.chinacdc.cn/)  provides  an  overview  of  the
sampling  and  investigation  procedures,  which  have
been  previously  published  (6).  A  total  of  3,993
children  and  adolescents  in  grades  1–6,  7–8,  and
10–11  who  did  not  have  myopia  at  baseline  were
included  in  the  analysis.  Students  with  missing
information  regarding  their  parents’  myopia  status,
outdoor  time,  and  more  than  three  other  modifiable
factors  were  excluded  (Supplementary  Figure  S2,
available  at  https://weekly.chinacdc.cn/).  In  this
population-based  study,  myopia  was  defined  as  low
unaided  distance  visual  acuity  (<5.0)  and  non-
cycloplegic  spherical  equivalent  refractive  error
(spherical  equivalent  <−0.50  Diopter).  Questionnaires
were  used  to  measure  outdoor  time  and  ten  other
modifiable  factors,  including  eye-use  habits  (eye
exercises,  screen  time,  lying  down  while
watching/reading,  watching  a  screen  in  darkness,
posture  reminding),  eye-use  environment  (desktop
brightness  on  sunny  days,  light  brightness  in  the
evening, seat/desk fitted for height), and lifestyle (sleep
duration, sedentary time). Outdoor time and the other
modifiable  factors  were  categorized  as  binary  variables
(assigned 0 or 1 point according to Table 1).  The ten
other  modifiable  factors  were  then  summed  up  to
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create  a  cumulative  effect  score  (CES) ranging from 0
to  10,  using  multiple  imputations  to  account  for
missing information. We performed several regressions
according  to  different  cutoff  points  of  CES,  assigning
the  combined  effect  of  outdoor  time  and  modifiable
factors  based  on  cutoff  points  of  CES  and  outdoor
time. For example, if the cutoff point was defined as 4,
the CES was transformed into a binary variable  called
“binary cumulative effect score (BCES),” with 1 point
for  CES≥4  and  0  points  for  CES<4.  Regression
analysis  was  performed  six  times  with  cutoff  points
from  3  to  8.  A  cutoff  point  of  3  tested  those  with
CES<3 to those with CES≥3. The more extreme cutoff
points  (1,  2,  9,  and  10)  did  not  provide  meaningful
information  due  to  the  creation  of  very  small
comparison  groups.  A  binomial  generalized  linear
mixed model with a log link function was employed to
explore  the  combined  effect  of  outdoor  time  and
modifiable  factors  on  the  incidence  of  myopia.  The
combined  effect  was  defined  as  a  binary  variable,  that
was “positive” when outdoor  time was ≥2 hours  daily
and  BCES  was  1  point,  and  was  “negative”  when
outdoor time was <2 hours daily or BCES was 0 points

(Supplementary  Figure  S3,  available  at https://weekly.
chinacdc.cn/).  The  regression  model  adjusted  for  sex,
residence  (urban  or  rural),  grade,  parents’  myopia
status  (0  or  1  or  2  parents  with  myopia),  and  the
cluster  effect  of  the  PLAD.  The  same  analyses  were
conducted  for  the  three  categories  of  modifiable
factors.  All  statistical  analyses  were performed using R
(version 4.2.2; R Core Team, 2022, R Foundation for
Statistical Computing, Vienna, Austria), with the mice
package (version 3.16.0) used for multiple imputation
and  the  lme4  package  (version  1.1.34)  used  for  the
regression analyses.

No  individual  modifiable  factor,  including  outdoor
time,  showed  a  significant  association  with  incident
myopia  (Table  2,  all  P>0.05).  However,  there  was  a
dose-response  relationship  between  the  combined
effect and outdoor time with respect to myopia risk. As
the  number  of  modifiable  factors  increased,  the
prevalence  ratio  (PR)  decreased.  Furthermore,  in  the
total  sample,  a  statistically  significant  association
between the combined effect and myopia was observed
when  the  combined  effect  score  (CES)  reached  7
[PR=0.81,  95%  confidence  interval  (CI),  0.67,  0.98].

 

TABLE 1. Assignment of modifiable factors.

Variables Question
Assignment

0 1

Outdoor time What  was  your  daily  exposure  to  sunlight?  (Time
spent in direct sunlight) <2 h ≥2 h

Eye-use habits

Eye exercises On  average,  how  many  times  a  day  do  you  do  eye
exercises during school days this semester? <2 times/day ≥2 times/day

Screen time

In  the  past  7  days,  how  much  time  did  you  spend
watching  TV,  using  computer,  mobile  phone  and
tablet  every  day  (including  surfing  the  Internet,
watching  movies,  browsing  the  web,  and  playing
games)?

≥2 h <2 h

Lying down while watching/reading In the past 7 days, have you read a book or watched a
video (tablet or phone) lying down? Often Occasionally/never

Watching a screen in darkness In the past 7 days, have you continued to look at your
phone or tablet after turning off the lights? Often Occasionally/never

Posture reminding In  the  past  7  days,  have  your  parents  or  teachers
reminded of your reading and writing posture? Occasionally/never Often

Eye-use environment

Desktop brightness on sunny days Is your desktop bright enough on a sunny day? Not very bright Very bright

Light brightness in the evening Do  you  think  the  lights  are  bright  enough  when  you
study at night? Not bright enough Bright enough

Seat/desk fitted for height Do  you  think  your  desk  and  seat  are  fitted  for  your
height? No Yes

Lifestyle

Sleeping duration In the past 7 days, how long did you sleep on average
per day?

< 9 h or >11 h for the
grade 1–6 children
<8 h or >10 h for the
grade 7–11 children

≥9 h and ≤11 h for the
grade 1–6 children

≥8 h and ≤10 h for the
grade 7–11 children

Sedentary time In the past 7 days, how long have you been sitting on
average per school day? ≥5 h <5 h
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Similar  results  were  found  in  children  in  grades  1–6;
the  statistically  significant  association  appeared  when
the  CES  reached  8  (PR=0.76,  95%  CI:  0.60,  0.97),
and a dose-response relationship existed.  However,  no
statistically  significant  associations  or  dose-response
relationships were observed in children in grades 7–11
(Figure 1A).

In  terms  of  eye-use  habits,  a  statistically  significant
association  between  the  combined  effect  of  outdoor
time and eye-use habits on myopia was observed when
the CES subset  (ranging from 0 to  5)  reached a  score
of  5  points.  This  association  was  found  in  both  the
total sample (PR=0.60, 95% CI: 0.40, 0.89) and grade
1–6 children (PR=0.63, 95% CI:  0.42, 0.94),  but not

 

TABLE 2. Effect of single modifiable factors on myopia incidence.

Variables
Total 1–6 grades 7–11 grades

PR (95% CI) P PR (95% CI) P PR (95% CI) P

Outdoor time

0 Ref Ref Ref

1 0.92 (0.78, 1.08) 0.315 0.93 (0.77, 1.12) 0.434 0.90 (0.64, 1.26) 0.530

Eye exercises

0 Ref Ref Ref

1 0.96 (0.80, 1.14) 0.611 1.00 (0.81, 1.22) 0.974 0.82 (0.57, 1.17) 0.272

Screen time

0 Ref Ref Ref

1 1.04 (0.84, 1.30) 0.697 0.92 (0.69, 1.23) 0.586 1.19 (0.86, 1.66) 0.297

Lying down watching/reading

0 Ref Ref Ref

1 0.96 (0.71, 1.30) 0.785 0.76 (0.50, 1.16) 0.205 1.17 (0.76, 1.80) 0.474

Watching screen in darkness

0 Ref Ref Ref

1 0.98 (0.66, 1.45) 0.911 0.69 (0.37, 1.29) 0.244 1.14 (0.69, 1.87) 0.607

Posture reminding

0 Ref Ref Ref

1 0.98 (0.83, 1.16) 0.845 0.95 (0.79, 1.14) 0.578 1.11 (0.78, 1.59) 0.558

Desktop brightness in sunny day

0 Ref Ref Ref

1 0.86 (0.73, 1.01) 0.070 0.91 (0.75, 1.11) 0.359 0.74 (0.55, 1.00) 0.050

Light brightness in the evening

0 Ref Ref Ref

1 1.15 (0.78, 1.70) 0.484 1.49 (0.85, 2.63) 0.164 0.79 (0.46, 1.34) 0.380

Seat/desk fitted for height

0 Ref Ref Ref

1 0.82 (0.65, 1.03) 0.092 0.89 (0.65, 1.22) 0.477 0.70 (0.49, 0.99) 0.044

Sleeping duration

0 Ref Ref Ref

1 0.90 (0.76, 1.07) 0.229 0.89 (0.74, 1.08) 0.227 0.94 (0.64, 1.38) 0.475

Sedentary time

0 Ref Ref Ref

1 0.93 (0.79, 1.10) 0.403 0.95 (0.79, 1.14) 0.579 0.87 (0.60, 1.26) 0.748
Note: The model adjusted sex, residence (urban or rural), grade, parents’ myopia status (0 or 1 or 2 parents with myopia), and the cluster
effect of the PLAD.
Abbreviation: PR=prevalence ratio; CI=confidence interval; PLAD=provincial-level administrative division.
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in grades 7–11. Regarding the eye-use environment,  a
statistically significant association was found when the
CES subset (ranging from 0 to 4) reached a score of 3
points. However, this association was only observed in
the  total  sample  (PR=0.79,  95% CI:  0.65,  0.96).  For
lifestyle factors, a statistically significant association was

present  when  the  CES  subset  (ranging  from  0  to  2)
reached a score of 1 point. This association was found
in  both  the  total  sample  (PR=0.67,  95%  CI:  0.49,
0.93) and grade 1–6 children (PR=0.67, 95% CI: 0.48,
0.93) (Figure 1B–D).
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FIGURE 1. The combined effect of outdoor time and other modifiable factors on myopia incidence. (A) The combined effect
of outdoor time and ten modifiable factors on myopia incidence; (B) the combined effect of outdoor time and five modifiable
factors of eye-use habits on myopia incidence; (C) the combined effect of outdoor time and three modifiable factors of eye-
use  environment  on  myopia  incidence;  (D)  the  combined  effect  of  outdoor  time  and  two  modifiable  factors  of  lifestyle  on
myopia incidence.
Note:  We  conducted  a  binomial  generalized  linear  mixed  model  with  the  log  link  function  in  every  cutoff  point  of  CES,
respectively, and every model had a PR of the combined effect of outdoor time and modifiable factors on myopia incidence.
The model adjusted sex, residence (urban or rural), grade, parents’ myopia status (0 or 1 or 2 parents with myopia), and the
cluster effect of the PLAD.
Abbreviation:  CES=cumulative  effect  score;  PR=prevalence  ratio;  CI=confidence  interval;  PLAD=provincial-level
administrative division.
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DISCUSSION

Although  no  significant  individual  modifiable
factors were found to be associated with myopia, there
was  a  statistically  significant  combined  effect  of
outdoor  time  and  modifiable  factors  on  the  incidence
of  myopia  when  the  CES  reached  seven  points.  This
finding  supports  conclusions  about  the  protective
effects  of  the  combination  of  outdoor  time  and
modifiable  factors  in  preventing  myopia.  It  also
confirms  that  modifiable  factors,  which  have
insufficient  evidence  of  a  direct  association  with
myopia,  do  have  a  protective  effect  against  myopia.
These effects may be obscured by their weak individual
influences,  but  when  they  are  cumulated  and
combined  with  outdoor  time,  their  protective  effects
become  apparent  and  can  contribute  to  reversing  the
myopia  epidemic  (6).  These  findings  align  with  the
2018  national  plan  launched  by  the  Ministry  of
Education and seven other departments of the People’s
Republic  of  China,  which  emphasized  the  need  for
comprehensive  interventions  to  protect  children  from
myopia (3). Rather than focusing solely on factors with
the  highest  level  of  evidence,  the  government  should
address  modifiable  factors  that  have  the  potential  to
harm the public. Ignoring these factors could delay the
implementation  of  beneficial  policies  and  perpetuate
preventable burdens (7).

A  similar  pattern  was  observed  in  children  from
grades  1–6  but  not  in  children  from  grades  7–11,
potentially  due  to  the  weakening effect  of  educational
pressure  (8–9).  In  China,  children  from  grades  7–9
face  the  pressure  of  the  national  high  school  entrance
exam,  while  children  from  grades  10–12  face  the
pressure  of  the  national  college  entrance  exam.  This
highlights the need for differentiated recommendations
for myopia prevention, taking into account the specific
challenges  faced  by  middle  school  students  compared
to primary school students.

In  this  study,  researchers  aimed  to  examine  the
combined  effects  of  outdoor  time  and  various
modifiable  factors  on  myopia.  The  study’s  findings
demonstrate that the combination of modifiable factors
and outdoor time significantly influences myopia when
an adequate CES is achieved. These modifiable factors
encompass  three  categories:  eye-use  habits,  lifestyle,
and  eye-use  environments.  Effective  interventions  for
all these categories should be implemented at multiple
levels,  including  individuals,  families,  and  schools.
While  the  proactive  engagement  of  children  is  crucial
in shaping eye-use habits and lifestyles, the support and

guidance  from  families  and  schools  should  not  be
underestimated.  Moreover,  creating  a  vision-friendly
environment in schools and at home, such as ensuring
bright lighting and appropriately fitted seats and desks,
is  essential.  Children  themselves  should  also  be  aware
of  these  influential  factors  and  express  their  needs
accordingly.  In  line  with  “The  appropriate  technical
guidelines  for  prevention  and  control  of  myopia  in
children  and  adolescents  (update  version)”(10),  which
provides  detailed,  comprehensive  interventions  for
individuals,  families,  schools,  medical  and  health
institutions,  government  departments,  media,  and
social  groups,  this  study  provides  supporting  evidence
for  these  guidelines.  Furthermore,  its  findings
emphasize  the benefits  of  implementing multiple-level
comprehensive  interventions,  especially  among
younger children (10).

This  study  had  several  limitations  that  need  to  be
acknowledged.  First,  the  definition  and  measurement
of  myopia  used  in  this  study,  although  acceptable  for
population assessment, may not be considered the gold
standard  for  clinical  diagnosis.  Unfortunately,
conducting  cycloplegic  refraction  was  not  feasible  due
to  the  large  sample  size.  Second,  the  measurement  of
outdoor  time  and  other  modifiable  factors  relied  on
questionnaires,  which  may  introduce  recall  bias  and
self-reporting  bias.  Third,  the  relatively  short  six-
month  interval  between  the  two  waves  of  follow-up
may  have  limited  the  ability  to  demonstrate  the
significant protective effect of some modifiable factors,
such  as  outdoor  time,  which  has  been  confirmed  in
other  studies.  Fourth,  the  small  sample  size  of  grade
7–11  children  might  have  influenced  the  statistical
power  of  the  analysis.  Lastly,  this  study’s  statistical
strategy  required  the  dichotomization  of  each
modifiable  factor,  which  reduced  the  statistical
efficiency of the analysis.

Myopia prevention among children and adolescents
is  a  complex  undertaking  that  necessitates
comprehensive  interventions  and  collaborative  efforts
from  schools,  families,  children  themselves,
governments, and society as a whole. 
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14,532 children and adolescents aged 7–18 years 
in June of 2020

9 PLADs, including Guangxi, Chongqing,

3 inner-provincial socioeconomic status cities were selected
(upper, moderate, low) in each PLAD

1 urban area and 1 rural area were selected in each inner-

1 primary school, 1 junior high school and 1 high school in
each urban area and each urban area were selected

(18 schools in each PLAD)

 students were selected by cluster random sampling in
class from the selected schools

Gansu, Hunan, Henan, Shanxi, Fujian, Shanghai, and Jiangsu

provincial socioeconomic status city

SUPPLEMENTARY FIGURE S1. Sampling frame of the data.
Abbreviation: PLAD=Provincial-level administrative division.
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14,532 children and adolescents aged 7–18 years
in June of 2020

11,044 children and adolescents aged 7–18 years followed up
from September to November in 2020

3,488 cases were missing due to entering
other schools in the next academic year

4,383 children and adolescentsaged 7–18 years
who were not myopia in June of 2020 were chosen

3,985 children and adolescents aged 7–18 years were included
in the final analysis

364 cases were removed due to missing
data of outdoor time

18 cases were removed because their
numbers of missing other modifiable

factors were more than three

6,661 cases were removed because they
were myopia in June of 2020

16 cases were removed due to missing data
of parents' myopia status

SUPPLEMENTARY FIGURE S2. Data screening flow chart.
 

CES

Outdoor time

CES was less than cutoff point

(i.e. BCES was 0 point)

Outdoor time was ≥2 h daily

CES was more than or equal to cutoff point

(i.e. BCES was 1 point)

Outdoor time was ≥2 h daily

CES was less than cutoff point

(i.e. BCES was 0 point)

Outdoor time was <2 h daily

CES was more than or equal to cutoff point

(i.e. BCES was 1 point)

Outdoor time was <2 h daily 

Assigned as “negative”  Assigned as “positive”  

Assigned as “negative”  Assigned as “negative”  

SUPPLEMENTARY FIGURE S3. Definition of the combined effect of outdoor time and modifiable factors.
Note: Cutoff points ranged from 3 to 8.
Abbreviation: CES=cumulative effect score; BCES=binary cumulative effect score.
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Preplanned Studies

Analysis of Hot Topics Regarding Global Smart Elderly
Care Research — 1997–2021

Hongman Wang1,#;  Hong Chen2;  Yuqi Wang1

 

Summary
What is already known about this topic?
With  the  assistance  of  the  internet,  big  data,  cloud
computing,  and  other  technologies,  the  concept  of
smart elderly care has emerged.
What is added by this report?
This  study  presents  information  on  the  countries  or
regions  that  have  conducted  research  on  smart  elderly
care,  as  well  as  identifies  global  hotspots  and
development trends in this field.
What  are  the  implications  for  public  health
practice?
The  results  of  this  study  suggest  that  future  research
should focus  on fall  detection,  health monitoring,  and
guidance  systems  that  are  user-friendly  and  contribute
to  the  creation  of  smarter  safer  communities  for  the
well-being of the elderly.

Population  aging  has  become  a  significant  global
concern  due  to  increased  life  expectancy  and  reduced
fertility  rates.  According  to  United  Nations  data  (1),
the  number  of  individuals  aged  65  and  above
worldwide reached 727 million in 2020. Over the next
three  decades,  this  number  is  expected  to  more  than
double, surpassing 1.5 billion in 2050. The proportion
of  elderly  individuals  in  the  global  population  is
projected to increase from 9.3%  in 2020 to 16.0%  in
2050.  By  mid-century,  one  in  six  individuals
worldwide will be 65 years or older. This demographic
shift  necessitates  well-planned  healthcare  and  social
systems to support the well-being of the elderly as they
age.  The  advancement  of  technologies  such  as  the
Internet  of  Things,  cloud  computing,  and  blockchain
has given rise to smart elderly care, which can provide
personalized health services  through the integration of
big data and a one-health approach. Smart elderly care
is crucial for promoting active and healthy aging (2). It
relies on foundational technologies like the Internet of
Things, big data, artificial intelligence, and blockchain,
with smart communities, cities, and societies serving as
support.  Third-party professional  service organizations

play a crucial role in ensuring the effectiveness of smart
elderly  care.  By  integrating  resources  and  employing
unified  resource  scheduling,  this  new  model  of  care
enables efficient data interconnection (3).  To examine
the  key  areas  of  research  in  smart  elderly  care,  this
paper utilizes bibliometric analysis.

This  study  focuses  on  the  interdisciplinary  field  of
smart elderly care, which encompasses disciplines such
as  sociology,  medicine,  computer  science,  electronic
information engineering, management, economics, and
law. To conduct a bibliometric analysis, we utilized the
Web  of  Science  (WOS)  Core  Collection,  a
comprehensive database covering these disciplines (the
time  range  of  literature  included  in  this  database  has
been  from  1900  onwards).  A  search  formula  was
employed:  “TS=(smart  elderly  care)  OR  TS=(smart
care  for  elderly)  OR  TS=(smart  care  for  aged)  OR
TS=(smart  senior  care)  OR  TS=(intelligent  old-age
care)  OR  TS=(intelligent  elderly  care)  OR
TS=(intelligent senior care) OR TS=(intelligent elderly
support).” This search was conducted from January 1,
1900,  to  October  31,  2021,  and resulted in a  total  of
2,141  retrieved  papers.  The  literature  was  then
screened  by  reviewing  titles,  keywords,  and  abstracts.
After  removing  duplicates,  news  articles,  reviews,  and
publications  unrelated  to  the  research  theme  “smart
elderly  care,”  we  included  a  final  set  of  1,699  valid
literature for analysis.

This  study  utilizes  bibliometrics  to  analyze  the
literature and provide insights into the current research
status in the field of smart elderly care. The publication
date,  country,  and  frequently  occurring  keywords  in
the  literature  are  sorted  and  analyzed  using  SATI
(version  3.2;  Qiyuan  Liu  &  Ying  Ye,  Hangzhou,
China), COOC (version 9.9; XueShuDianDi, Beijing,
China),  and  Excel  software  (version  2019;  Microsoft,
Washington State, USA). Specifically, SATI software is
used  to  extract  and  analyze  information  such  as
publication  time,  country,  and  keywords.  Excel
software is employed for data analysis, while COOC is
utilized to generate knowledge maps.

A  total  of  1,699  valid  documents  were  analyzed  to
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examine the temporal distribution of English literature
on smart elderly care, as depicted in Figure 1. Based on
the  analysis,  the  research  on  smart  elderly  care  can  be
divided  into  two  stages.  The  first  stage  covers  the
period from 1997 to 2014, during which less than 100
articles  were  published  annually.  Subsequently,  from
2015  to  2021,  the  number  of  articles  published
increased significantly,  with over 100 articles per year.
In  2018,  the  number  peaked  at  201  and  then  started
fluctuating.  A  total  of  99  countries  worldwide  have
conducted  research  on  smart  elderly  care,  with  China
ranking  first.  The  top  10  countries  are  presented  in
Table 1.

The SATI software was utilized to extract and clean
keywords.  The  cleaning  principles  involved  merging
synonyms,  such  as  replacing  “senior  citizens,”  “older
adults,”  “older  people,”  “aged,”  and  “elderly”  with
“elderly  people.”  Additionally,  incomplete  concept
expressions  were  supplemented,  for  example,  “AAL”
was replaced with “Ambient Assisted Living.” Abstract
words,  such  as  “overview,”  were  deleted.  Following
these  principles,  a  total  of  4,058  keywords  were
extracted  from  2,141  literature.  Table  2  presents  the
high-frequency keywords (frequencies greater than 15).
Co-occurrence  analysis  was  performed  on  these  high-
frequency  keywords,  resulting  in  the  co-occurrence
graph displayed in Figure 2. The analysis identified five
dimensions,  each  represented  by  a  different  color  in
Figure 2. 

DISCUSSION

This study identified five main research areas within
the field of smart elderly care. The first area focuses on

smart  home  technologies,  which  aim  to  enhance  the
quality of life for the elderly. The keywords associated
with  this  dimension  include  smart  home,  ambient
assisted  living,  elderly  care,  activity  recognition,
ambient  intelligence,  pervasive  computing,  wireless
sensor  network,  assisted  living,  Radio  Frequency
Identification  (RFID),  activities  of  daily  living,  and
human-robot  interaction.  These  keywords  highlight
the importance of creating a smart living environment
for  the  elderly,  utilizing  various  technologies  to
improve their overall well-being and daily functioning.

In  a  related  study,  Calatrava-Nicolás,  et  al.  (4)
developed  a  robotic-based  health  monitoring  and
guidance  system  for  the  elderly.  This  system
incorporates  intelligent  sensors,  actuators,  and a  robot
platform  to  interact  with  the  users,  providing
environmental  intelligence.  By leveraging robotics  and
artificial  intelligence,  this  system addresses  the  mental
health needs of the elderly, assisting them in their daily
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FIGURE 1. The number of studies in English on smart elderly care by year 1997–2021.
 

TABLE 1. Top  10  countries  with  smart  elderly  care
research 1900–2021.

No. Countries Number of papers

1 China 299

2 USA 225

3 England 118

4 Japan 110

5 Spain 103

6 Italy 97

7 India 75

8 Germany 68

9 Australia 64

10 France 49
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activities.  The  second  dimension  of  our  study  centers
around the concept of “aging in place.” It involves the
use of intelligent devices to support elderly individuals
in  remaining  in  their  familiar  living  environment
during  their  later  years.  The  key  focus  areas  include

elderly  people,  assistive  technology,  aging,  dementia,
technology,  monitoring,  home  care,  aging  in  place,
independent living, and quality of life. These keywords
highlight  our  emphasis  on  promoting  independent
living and enhancing the quality of  life  for  the elderly

 

TABLE 2. High-frequency keywords of smart elderly care research (frequency ≥15)
No. Keywords Frequency No. Keywords Frequency

1 Smart home 239 22 Technology 26

2 Elderly people 162 23 RFID 23

3 Internet of things 156 24 Monitoring 22

4 Ambient assisted living 107 25 Home care 21

5 Elderly care 91 26 Aging in place 21

6 Activity recognition 80 27 Wearable sensors 19

7 Healthcare 69 28 Health monitoring 19

8 Fall detection 63 29 Quality of life 19

9 Machine learning 55 30 Independent living 19

10 e-health 46 31 Remote monitoring 18

11 Assistive technology 43 32 Cloud computing 18

12 Telemedicine 42 33 Smart healthcare 17

13 Ambient intelligence 38 34 Assistive technologies 17

14 Aging 38 35 Activities of daily living 17

15 Dementia 35 36 Big data 17

16 Pervasive computing 34 37 Smart cities 17

17 Artificial intelligence 32 38 Human-robot interaction 17

18 Wireless sensor network 31 39 Privacy 16

19 Deep learning 31 40 Telehealth 16

20 Sensors 30 41 Intelligent systems 15

21 Assisted living 28

 

FIGURE 2. Co-occurrence of high-frequency keywords in research on smart elderly care.
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through the use of assistive technology.
According  to  the  World  Health  Organization

(WHO) (5), aging in place allows elderly individuals to
stay  in  their  familiar  living  environment,  maximize
their  independence,  and  ensure  a  good  quality  of  life
during  their  later  years.  This  approach  also  helps  to
reduce  the  economic  burden  associated  with  other
forms of elderly support.

The  third  dimension  of  this  study  examines  the
utilization  of  information  technology  in  the  field  of
elderly  medical  care.  The  dimension  includes  9  key
terms:  internet  of  things,  healthcare,  sensors,  cloud
computing,  remote  monitoring,  smart  cities,  big  data,
smart  healthcare,  and  privacy.  Specifically,  within  the
context of smart cities, these key terms primarily focus
on  the  application  of  information  technology  such  as
internet  of  things,  cloud  computing,  and  big  data  in
elderly  healthcare,  with  an  emphasis  on  privacy
concerns.  Kor  AL,  et  al.  (6)  have  developed  the
SMART-Item  system,  which  leverages  cloud
computing  and  internet  of  things  technologies.  This
system  provides  intelligent  medical  and  nursing  care
for  the  elderly,  encompassing  the  entire  data  lifecycle,
including  acquisition,  transmission,  integration,
processing,  computation,  visualization,  intelligence
analysis,  data  sharing,  and storage.  The  SMART-Item
system  offers  a  comprehensive  integrated  intelligent
service.

The  fourth  dimension  of  our  study  focuses  on  fall
monitoring, specifically exploring the following six key
areas:  fall  detection,  machine  learning,  artificial
intelligence,  deep  learning,  wearable  sensors,  and
intelligent  systems.  These  keywords  are  essential  in
understanding  the  application  of  various  artificial
intelligence technologies in monitoring falls among the
elderly  population.  Koshmak  et  al.  (7)  conducted
research utilizing cell phone technology combined with
physiological data detection in novice skaters to collect
fall data. The study’s findings indicated that the online
algorithm  exhibited  a  specificity  of  90%,  a  sensitivity
of 100%, and an accuracy of 94%. In a separate study,
Shiba  et  al.  (8)  investigated  a  fall  detection  system
based  on  microwave  Doppler  sensors.  The  system
successfully  detected  multiple  fall  scenarios,  including
tripping, slipping, coma, walking, bending, sitting, and
standing.  The  accuracy,  positive  predictive  value,  and
negative  predictive  value  of  the  system  were
determined to be 0.95, 0.94, and 0.97, respectively.

The  fifth  dimension of  our  study  focuses  on health
monitoring,  encompassing the following key terms:  e-

health,  telemedicine,  health  monitoring,  assistive
technologies, and telehealth. The aim is to explore the
application of telemedicine technologies in monitoring
the  health  of  older  adults.  One  study  conducted  by
DanaKai  Bradford  (9)  examined  the  Smarter  Safer
Homes  project,  which  aims  to  develop  a  platform for
monitoring  the  safety,  physical  health,  and  brain
function  of  the  elderly.  This  platform  utilizes  sensory
information from the environment, cognition, physical
activity,  and  physiology  to  assess  the  health  status  of
older  adults  and  determine  the  need  for  medical
intervention.  Another  study  by  Larkai  DL,  et  al.  (10)
focused  on  remote  heart  rate  monitors  as  part  of  a
personal  emergency  response  system.  These  monitors
can  detect  abnormal  heart  rates  in  real-time  and
promptly  notify  authorized  clinicians  in  emergency
situations.

The  articles  analyzed  were  only  retrieved  from  the
WOS.  Research  published  in  other  databases  was  not
considered,  and  the  majority  of  the  articles  were  in
English. This may result in the omission of significant
research conducted in other languages. However, WOS
primarily  focuses  on  academic  papers  in  the
interdisciplinary  fields  of  sociology  and  medicine,
which  still  allows  for  a  comprehensive  understanding
of  the  current  hot  topics  in  global  smart  elderly  care
research.

The  aging  population  is  a  significant  social  and
economic  challenge  worldwide.  It  is  important  to
address  this  issue  promptly  by  leveraging  technologies
such as the internet, big data, and cloud computing to
develop  smart  elderly  care  solutions.  Despite  the
growing  number  of  publications  on  this  topic,  there
has  been  no  comprehensive  review  of  the  research
landscape  and its  impact  on  global  smart  elderly  care.
Therefore, this study aims to investigate global research
in this field and identifies five key dimensions. Moving
forward,  there is  a  need for more in-depth research in
smart elderly care that focuses on user-friendly aspects
such  as  high  accuracy,  precision,  ease  of  use,  and
ethical  considerations  to  ensure  the  well-being  of
seniors.  It  is  noteworthy  that  among  the  top  10
countries  with  the  most  publications,  China  (ranking
first)  is  the  only  developing  country.  Thus,  we
encourage  scholars  from  developing  countries  to
actively  participate  in  the  discourse  on  smart  elderly
care and healthy aging. 
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Summary
What is already known about this topic?
Previous  studies  have  predominantly  examined  the
micro-level  aspects  of  women  aging  inflection  points,
while  macro-level  research  using  big  data  on  the
inflection  points  of  aging  among  middle-aged  and
elderly women in China is currently limited.
What is added by this report?
This  study  determined  the  inflection  ages  for
physiological,  psychological,  social,  and  total
dimensions  in  middle-aged,  young elderly,  and elderly
women  [(48.0–53.2)  vs.  (66.3–70.0)  vs.  (78.4–81.2)
years old].
What  are  the  implications  for  public  health
practice?
This  study  is  important  for  gaining  a  deeper
understanding  of  aging,  identifying  patterns  of  aging,
and  implementing  targeted  interventions  to  promote
the overall health of Chinese women.

Numerous  studies  in  the  fields  of  life  sciences  and
epidemiology  have  demonstrated  that  women  differ
significantly  from  men  in  terms  of  physiology,
psychology,  and  social  function.  Moreover,  the  aging
process and its mechanisms vary between genders, with
women  being  more  susceptible  to  aging  and  more
interested  in  preventive  measures  (1–2).  The  concept
of the longevity inflection point proposes that there is a
specific  stage  in  life  where  degenerative  changes  occur
(3).  As  a  result,  research  investigating  changes  in
women  aging  at  a  microscopic  level  has  emerged  in
recent  years.  Predicting  the  aging  process  and
identifying  the  inflection  point  through  biomarker
analysis  has  become  a  prominent  research  trend.
However,  these  microscopic  studies  have  limitations,
including  small  sample  sizes  and  high  workloads.  In
this  study,  we  conducted  a  comprehensive  assessment
of  the  aging  level  among  middle-aged  and  elderly
women in Jiangxi Province, China, from January 2020
to  December  2022.  We  utilized  big  data
epidemiological  surveys  and  employed  statistical

analysis  through  numerical  modeling  to  calculate  the
inflection  ages  in  the  physiological,  psychological,
social, and overall dimensions for middle-aged, young,
and  elderly  women  [(48.0–53.2)  vs.  (66.3–70.0)  vs.
(78.4–81.2) years old].

Based  on the  recent  gross  domestic  product  (GDP)
level and social development status of Jiangxi Province,
nine  urban  and  rural  communities  that  meet  the
specified criteria were selected as research sites for this
project.  A  multi-stage  stratified  cluster  sampling
approach was employed, following the county-district-
community  three-level  management  model.  The  final
sampling  was  conducted  at  each  community  health
service center. The inclusion criteria for the study were
as follows: 1) Women aged 40 years or older who have
resided  in  Jiangxi  Province  for  more  than  three  years;
2)  Women  who  can  actively  participate  in  the  study,
cooperate  with  the  survey,  and  provide  the  required
information; 3) The sampling proportion for different
age groups should not exceed the proportion of the age
composition  of  the  women  population  in  Jiangxi
Province.  Exclusion  criteria  included  individuals  with
serious  illness,  disabilities,  mental  disorders,  or  the
inability to participate in the entire study.

In  this  study,  we  assessed  an  individual’s  level  of
aging  using  the  Physiological-Psychological-Social
Three-Dimensional  Human  Aging  Scale  (PPSHAS).
This  scale  comprehensively  evaluates  aging  in  the
physical,  psychological,  and  social  dimensions,
encompassing  factors  such  as  wrinkles,  hearing,
cognition,  mood,  social  participation,  and
organizational  interactions.  The  scale  produces  a
standardized score for the overall level of aging, which
has shown excellent reliability and validity (Cronbach’s
α=0.930, retest reliability=0.856) (4).

Based on the pre-survey results (4), the percentage of
women  classified  as  “obviously  young”  ranged  from
11.96%  to  35.94%.  The  proposed  median  value  of
23.95% was deemed to be the positive probability (p),
with a  bilateral  test  level  α of  0.05  and  an  allowable
error (δ) of 0.1p. Taking into account potential non-
compliance of participants, the original sample size was
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increased  by  20%,  resulting  in  a  final  sample  size  of
1,500.

Ethical  clearance  for  this  study  was  obtained  from
the  Second  Affiliated  Hospital  of  Nanchang
University,  and  participants  and  their  legal  guardians
were informed about the study goals. A total of 1,785
women from nine cities were surveyed, and 1,720 valid
questionnaires  were  collected,  yielding  an  effective
response rate of 96.36%.

According  to  the  age  groups  defined  by  the  World
Health  Organization  (WHO),  participants  were
categorized  into  three  groups:  middle-aged  (45–59
years old), young elderly (60–74 years old), and elderly
(≥75 years  old).  The participants  were further  divided
into more specific age groups using the PPSHAS tools,
with  individuals  scoring  below  the  standardized  P50
score  for  their  respective  age  group  considered  not  to
be  aging.  Statistical  analysis  was  carried  out  using  R
software  (version  4.2.1;  R  Foundation  for  Statistical
Computing, Vienna, Austria), including fitting Locally
Weighted  Regression  smooth  curves  (LOESS)  and
conducting data analysis.

The age at which aging began was determined using
the  receiver  operator  characteristic  curve  (ROC)  and
the  approximate  Youden  index.  The  binary  logistic
regression  model  was  used  to  control  for  the
confounding effects of education level, occupation, and
marital status. The odds ratios (ORs) from the logistic
regression  model  were  utilized  to  compare  the  degree
of aging, with an OR>1.000 indicating a deepening of
aging  beyond  the  inflection  point  age.  The  model’s
effectiveness  in  predicting  the  degree  of  aging  was
assessed  using  the  C  index.  The  model’s  consistency
was  evaluated  using  the  Hosmer-Lemeshow  test
(α=0.05).

To  ensure  the  reliability  of  the  research  results,  all
investigators  underwent  a  strict  selection  process  and
received specialized training. Regular data checks were
conducted  during  the  survey,  and  all  data  were
reviewed  individually  to  eliminate  any  invalid
questionnaires.

Among  the  1,720  participants,  the  average  age  was
62.73±10.88 years. The age group of 65–69 accounted
for  the  largest  proportion  at  17.73%.  The  highest
education  level  was  primary  school  or  below  at
55.58%, followed by junior high school at 25.00%. In
terms  of  occupation,  23.72%  of  participants  were
workers,  39.77%  were  farmers,  and  20.47%  were
cadres. Regarding marital status, 82.67% were married,
16.34% were widowed, and 0.99% were unmarried. In
addition,  57.33%  of  the  participants  were  from  rural

areas and 42.67% were from urban areas.
A  one-way  analysis  of  variance  (ANOVA)  was

conducted to assess the standardized scores of aging in
the  physiological,  psychological,  social,  and  total
dimensions.  The  results  indicated  significant
differences  in  the  standardized  scores  of  aging  degree
across different age groups within the same group and
between  different  age  groups,  except  for  the
psychological  dimension  of  middle-aged  individuals.
The P was less than 0.05 (Table 1).

We plotted scatter plots of chronological age (X) and
the  normalized  score  of  aging  degree  in  different
dimensions (Y) for three age groups. The LOESS local
weighted  regression  method  was  used  for  smoothing.
Our  observation  indicated  that  the  score  of  aging
degree  in  the  physiological,  psychological,  social  ,  and
overall  dimensions  increased  in  a  zigzag  pattern  with
age (Figure 1).

In  the  figure,  the  black  scatter  plots  represent  the
standardized  scores  (Y)  for  different  aging  dimensions
at  each  individual’s  chronological  age  (X).  The  blue
curves  represent  the  LOESS  curve  fits  for  the  overall
chronological  age  (X)  and  the  standardized  scores  (Y)
in different aging dimensions.

Based  on  the  LOESS  fitting  results,  we  can
hypothesize  that  there  is  an  inflection  point  in  the
aging  process  at  different  ages.  Furthermore,  our
analysis  using  the  ROC  curve  demonstrated  that,
except  for  the  psychological  dimension  in  the  young
elderly  group,  the  predictive  value  of  the  inflection
point  age in all  dimensions was  statistically  significant
(P<0.05)  and  had  an  area  under  the  curve  (AUC)
greater than 0.500 (Table 2).

To  investigate  the  predictive  value  of  the  inflection
point  age  on  the  degree  of  aging,  we  conducted  a
binary  logistic  regression  analysis.  The  dependent
variable  Y  represented  the  original  aging  degree  score
(0=not aging, 1=aging), while the independent variable
X  represented  the  newly  divided  aging  degree  score
(comparison  group:  1=greater  than  inflection  point
age, reference group: 2=less than inflection point age).
We controlled for three types of confounding effects in
the analysis.

The  results  indicated  that  the  OR  values  [95%
confidence interval (CI)] were consistently greater than
1.000.  This  suggests  that  aging deepens in individuals
older  than the  inflection point  age,  particularly  in  the
physiological  dimension  of  the  elderly  group.  The
greatest  risk of  aging was observed in individuals  aged
above  78.87  years  old  (OR=5.290).  Considering  the
overall aging situation, the risk of aging was highest in
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the elderly group, followed by the middle-aged group,
and  lowest  in  the  young  elderly  group  (OR  elderly:
4.867  >OR  middle-aged:  4.472  >OR  young  elderly:
2.454).

Among the three age groups, the risk of aging in the
social  dimension  was  higher  than  that  in  the
psychological dimension. The logistic regression model
had a C-index (95% CI) greater than 0.700, indicating
that the age of the inflection point possesses predictive
value  for  the  transition  of  aging.  The  Hosmer-
Lemeshow  test  confirmed  that  the  predicted  results
and  the  actual  aging  results  for  each  age  group  were
consistent  (P1>0.05),  suggesting  an  ideal  degree  of
model calibration (Table 3). 

DISCUSSION

This study found that middle-aged and older adults,
younger  older  adults,  and  older  women  experience
accelerated  aging  at  48.0–53.2,  66.3–70.0,  and
78.4–81.2  years  of  age,  respectively.  However,  our

findings do not completely align with the classical view
regarding the inflection point of aging, which suggests
that the peak of aging occurs at 34, 60, and 78 years of
age  (5).  It  is  important  to  note  that  aging  rates  may
differ  among  races  due  to  variations  in  lifestyle
characteristics, diet, and behavior between Eastern and
Western  populations.  Nevertheless,  our  results  are
consistent  with  those  of  the  Quzhou  women’s  cohort
study, which used a multicohort analysis and observed
significant  aging  changes  in  women  at  age  50  (6).  It
should  be  emphasized  that  this  particular  cohort
consisted of only 113 women and required substantial
time  and  labor  for  physical  examinations,
transcriptome testing, and plasma metabolic analyses.

The aging process of middle-aged Chinese women is
influenced  by  menopause,  which  typically  occurs
between  the  ages  of  48  and  52.  During  this  period,
there  is  a  decrease  in  estrogen  secretion,  leading  to
various  physiological  changes  such  as  decreased  sexual
function  and  aging-related  symptoms  like  hot  flashes,
night sweats, insomnia, anxiety, and nervousness (7).

 

TABLE 1. Distribution  and  comparison  of  standardized  scores  of  aging  among  different  age  groups  in  Jiangxi  Province,
China, 2020–2022.

Age groups Age (years) N (%)
Dimension

Total dimension
Physiological Psychological Social

Middle-aged

≥40 221 32.74 23.77±5.50 14.59±2.47 5.15±0.94 43.51±6.99

≥50 210 31.11 26.57±4.59 14.67±2.72 5.36±1.03 46.59±6.34

≥55 244 36.15 28.79±4.75 14.61±2.73 5.72±2.49 49.11±6.57

N 675 100.00 26.46±5.38 14.62±2.64 5.42±1.70 46.49±7.03

F
– –

54.958* 0.049 6.742 41.305

P-value <0.001 0.952 <0.001 <0.001

Young
elderly

≥60 277 34.07 30.66±4.47 14.63±2.67 5.57±0.99 50.86±6.52

≥65 305 37.52 32.65±4.45 14.85±2.82 5.77±1.13 53.27±6.43

≥70 231 28.41 35.43±4.80 15.3±2.79 6.19±1.38 56.92±7.43

N 813 100.00 32.76±4.92 14.9±2.77 5.82±1.19 53.49±7.16

F
– –

68.940 3.774 16.545* 50.806

P-value <0.001 0.023 0.001 <0.001

Elderly

≥75 119 51.29 37.24±4.97 14.78±3.12 6.46±1.58 58.48±8.20

≥80 113 48.71 40.56±5.22 15.73±3.15 7.08±1.98 63.38±8.94

N 232 100.00 38.86±5.35 15.24±3.16 6.76±1.81 60.86±8.90

F
– –

24.658 5.374 6.998 18.936

P-value <0.001 0.021 0.009 <0.001

N 1,720 100.00 31.11±6.67 14.84±2.78 5.79±1.56 51.74±8.82

F
– –

576.997 4.396* 49.806* 329.209*

P-value <0.001 0.013 <0.001 <0.001
Note: The F-distribution is approximated using the Welch method.
“–” indicates that no value is available here.
* indicates that the variance is uneven for Levene statistics.
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FIGURE 1. LOESS curve  smoothing  chart  of  different  dimensions  of  aging  scores  among  different  age  groups  in  Jiangxi
Province, China, 2020–2022. (A) LOESS curve smoothing chart of physiological dimension aging score among different age
groups; (B) LOESS curve smoothing chart of psychological dimension aging score among different age groups; (C) LOESS
curve smoothing chart  of  social  dimension aging score among different age groups; (D) LOESS curve smoothing chart  of
total dimension aging score among different age groups.
Abbreviation: LOESS=locally weighted regression.
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Furthermore,  aging  among  younger  elderly  women
occurs  before  the  age  of  70,  which  reinforces  societal
biases  and  stereotypes  associated  with  being  “old  and
useless.”  Retirement  often  leads  to  increased
responsibilities  and  stress,  reduced  leisure  time,  and
limited  socialization,  all  of  which  can  have  negative
effects  on  their  physical  and  mental  well-being,  thus
accelerating the aging process (8).

A  study  has  shown  that  women  falls  are  most
common  among  those  aged  75  to  85  (9).  These  falls
often lead to a fear of falling (10), and they account for
45.24% of women injury-related deaths in China (11).
This  serious  decline  in  quality  of  life  and  functional
abilities further emphasizes the impact of aging (9).

This  study  has  several  limitations.  First,  our  survey
only  included  community-based  women  residents  in

Jiangxi  Province  and  did  not  include  hospitalized
elderly  women.  As a  result,  the actual  inflection point
of aging may be underestimated in the findings of this
study.  Additionally,  the  sample  size  of  elderly  women
in our survey was small, leading to potential errors and
limiting  the  generalizability  of  our  results.  Therefore,
further  studies  with  larger  sample  sizes  are  needed  to
calculate  the inflection point ages  separately for  urban
and  rural  women.  These  future  studies  should  also
consider the short-term effects of diseases on aging.

Despite these limitations, our findings are robust for
several  reasons.  First,  our  study  encompassed  a  large
and  representative  sample,  across  various  regions  with
different  GDP  levels  in  Jiangxi  Province.  This  allows
for  a  comprehensive  understanding  of  the  population
aging  phenomenon  in  the  area.  Second,  we  carefully

 

TABLE 2. ROC analysis of aging inflection point age among different age groups in Jiangxi Province, China, 2020–2022.

Age group Dimension AUC (95% CI) Sensitivity Specificity Youden index Inflection point age P-value

Middle-aged

Total 0.694 (0.658, 0.729) 0.599 0.713 0.3124 53.16 0.0001

Physiological 0.709 (0.673, 0.743) 0.604 0.724 0.3276 53.18 0.0001

Psychological 0.547 (0.508, 0.585) 0.789 0.311 0.1000 48.00 0.0344

Social 0.661 (0.573, 0.648) 0.548 0.654 0.2019 53.09 0.0001

Young elderly

Total 0.658 (0.625, 0.691) 0.645 0.602 0.2473 66.33 0.0001

Physiological 0.703 (0.670, 0.734) 0.608 0.703 0.3111 67.73 0.0001

Psychological 0.539 (0.504, 0.574) 0.279 0.809 0.0878 70.25 0.0547

Social 0.566 (0.531, 0.600) 0.311 0.821 0.1322 70.00 0.0011

Elderly

Total 0.697 (0.633, 0.755) 0.483 0.836 0.3190 81.20 0.0001

Physiological 0.745 (0.684, 0.800) 0.776 0.621 0.3966 78.87 0.0001

Psychological 0.610 (0.544, 0.674) 0.440 0.793 0.2328 81.20 0.0029

Social 0.594 (0.528, 0.658) 0.672 0.509 0.1810 78.44 0.0118

Abbreviation: ROC=receiver operator characteristic; AUC=area under curve; CI=confidence interval.
 

TABLE 3. Logistic regression model validation results for the inflection point age of women among different age groups and
dimensions in Jiangxi Province, China, 2020–2022.

Age group Dimension β S.E. Wald P-value OR 95% CI C-index 95% CI P1

Middle-aged

Total 1.498 0.192 60.824 0.001 4.472 3.069, 6.516 0.782 0.749, 0.813 0.340

Physiological 1.540 0.194 63.324 0.001 4.666 3.193, 6.819 0.786 0.753, 0.816 0.254

Psychological 1.413 0.222 40.364 0.001 4.108 2.657, 6.353 0.766 0.733, 0.798 0.550

Social 1.436 0.191 56.745 0.001 4.203 2.893, 6.107 0.779 0.745, 0.809 0.322

Young elderly

Total 0.898 0.162 30.734 0.001 2.454 1.787, 3.371 0.775 0.745, 0.803 0.833

Physiological 0.893 0.163 29.966 0.001 2.442 1.774, 3.361 0.773 0.743, 0.802 0.305

Social 1.582 0.364 18.923 0.001 4.867 2.386, 9.929 0.800 0.743, 0.850 0.255

Elderly

Total 1.666 0.360 21.375 0.001 5.290 2.611, 10.720 0.809 0.753, 0.858 0.756

Physiological 1.582 0.364 18.923 0.001 4.867 2.386, 9.929 0.800 0.743, 0.850 0.255

Psychological 1.604 0.356 20.269 0.001 4.974 2.474, 10.001 0.807 0.750, 0.855 0.744

Social 1.498 0.192 60.824 0.001 4.472 3.069, 6.516 0.782 0.749, 0.813 0.340

Abbreviation: OR=odds ratio; CI=confidence interval.
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controlled  for  confounding  factors  when  fitting  our
mathematical  model,  ensuring  accurate  and  reliable
results.  Lastly,  our  study  adopted  a  macro-level
approach,  and  the  obtained  results  align  with
contemporary micro studies.  This  not only makes our
study feasible but also adds validity to our findings. In
conclusion,  our  research  contributes  to  a  deeper
understanding of aging and the natural laws governing
it.  It  also  provides  valuable  insights  for  implementing
preventive  measures  against  aging  in  middle-aged  and
elderly women. 
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ABSTRACT

Introduction:  The  purpose  of  this  study  is  to
examine  the  potential  causal  relationship  between
levels of circulating glycine and coronary artery disease
(CAD)  using  a  two-step  Mendelian  randomization
(MR) analysis.

Methods:  We  analyzed  data  from  genome-wide
association  studies  (GWAS)  conducted  on  European
and East Asian populations. To assess the causal effects
of  circulating  glycine  levels  on  the  risk  of  CAD.  We
used  the  inverse-variance  weighting  (IVW),  weighted
median  (WM),  MR-Egger,  and  Mendelian
Randomization Pleiotropy RESidual  Sum and Outlier
(MR-PRESSO)  methods.  Furthermore,  we  conducted
mediation  analysis  to  investigate  the  contribution  of
blood pressure and other cardiovascular disease-related
traits.

Results:  The  two-step  Mendelian  randomization
analysis  revealed  that  higher  levels  of  glycine  in  the
blood  were  associated  with  a  reduced  risk  of  CAD in
Europeans  [odds  ratio  (OR)=0.84,  95%  confidence
interval  (CI):  0.72,  −0.98; P=0.029]  and  East  Asians:
(OR=0.76,  95%  CI:  0.66,  −0.89;  P=3.57×10−4).
Sensitivity  analysis  confirmed  the  robustness  of  these
findings.  Additionally,  our  results  suggest  that  about
6.06%  of  the  observed  causal  effect  is  mediated
through  genetically  predicted  systolic  blood  pressure
(SBP) in the European population.

Discussion:  Our  results  contribute  to  the  current
knowledge regarding the involvement of glycine in the
progression  of  CAD,  and  provide  valuable
methodological  insights  for  the  prevention  and
treatment of this condition. 

 

Coronary  artery  disease  (CAD),  also  known  as
atherosclerosis or coronary heart disease, is the leading
cause  of  global  mortality  (1).  Glycine,  a  non-essential

amino acid, plays a critical role in cell growth, immune
function,  antioxidant  response,  and anti-inflammatory
processes  (2).  Previous  studies  have  shown  positive
effects  of  glycine  on  cardiovascular  health  (3).  The
therapeutic potential of glycine for metabolic disorders
and  cardiovascular  diseases  has  been  proposed.
However, studies investigating the association between
circulating  glycine  levels  and  CAD  risk  have  yielded
inconsistent  results  (4–6).  Therefore,  the  causal
relationship  between  glycine  and  CAD  remains
controversial,  and  if  such  a  relationship  exists,  it  may
be  influenced  by  metabolic  factors  such  as  blood
pressure.

Mendelian  randomization  (MR)  is  a  statistical
technique  that  uses  genetic  variants  as  instrumental
variables to assess the causal impact of an exposure on
an  outcome  (7).  MR  leverages  the  fact  that  genetic
variants  are  randomly  assigned  at  conception,  making
them  immune  to  confounding  factors  typically  found
in observational studies. In order to explore the causal
relationship  between  circulating  glycine  levels  and  the
risk  of  CAD,  as  well  as  to  uncover  the  underlying
mechanisms,  we  conducted  a  comprehensive  study
using  a  two-step  MR  approach.  This  study  aimed  to
investigate  the  potential  causal  effects  of  circulating
glycine  on  CAD  risk  in  individuals  of  European
ancestry and East Asians. 

METHODS

In  the  study,  we  analyzed  the  relationship  between
specific  genetic  instruments  and  glycine  levels  in  the
UK  Biobank  (UKB),  which  included  114,972
individuals  of  European  descent  (Nightingale  Health
Plc;  Biomarker  Quantification  Version  2020)  and  the
study  conducted  by  Wittemans  et  al.  (4),  which
included 30,118 individuals of European ancestry.

All details regarding the GWAS summary-level data
are  presented in Supplementary  Table  S1 (available  at
https://weekly.chinacdc.cn/).  In  order  to  address
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potential  weak  instrumental  bias,  instrumental
variables  (IVs)  should  significantly  associate  with  the
exposure  (P<5×10-8)  and  exhibit  minimal  linkage-
disequilibrium  (LD)  with  other  single  nucleotide
polymorphisms  (SNPs)  (R2<0.001)  within  a  clump
distance  of  1,000  kb  (Supplementary  Table  S2,
available  at  https://weekly.chinacdc.cn/).  By  utilizing
the  PhenoScanner  database,  we  identified  and
subsequently  excluded  pleiotropic  SNPs  that  are
correlated  with  confounding  factors  (Supplementary
Table S2).

Our  study  utilized  a  two-step  MR  analysis  design
(Figure  1).  The  primary  analysis  was  conducted  using
the  inverse  variance-weighted  (IVW)  method.  In
instances  where  heterogeneity  was  detected,  we
employed  the  IVW  method  with  random  effects.  To
further  explore  the  robustness  of  our  findings,  we
conducted  sensitivity  analyses  using  alternative
approaches,  including  MR-Egger  regression,  the
weighted  median  method,  and  Mendelian
Randomization Pleiotropy RESidual  Sum and Outlier
(MR-PRESSO)  analysis,  accounting  for  multiple
genetic variants (8–9). To assess pleiotropy, we utilized
the  MR-Egger  intercept  test  and  the  MR-PRESSO
global test. Additionally, we evaluated heterogeneity of
the MR findings using Cochran’s Q-statistic and the I2
index (10). The MR analyses were conducted using the
‘dplyr’  and  ‘TwoSampleMR’  packages  in  R  (version
4.0.5,  R foundation for  statistical  computing,  Vienna,
Austria)  The  threshold  of  statistical  significance  was
P<0.05. 

RESULTS

The  19  identified  SNPs  collectively  accounted  for
approximately  6.5%  of  the  variation  in  circulating
glycine  levels  (R2=6.5%).  Furthermore,  the  F-statistic,

which  exceeds  18.66,  indicates  a  low  probability  of
weak instrument bias occurring in this study.

We  utilized  a  panel  of  18  SNPs,  excluding  1
palindromic  SNP with intermediate  allele  frequencies,
to  assess  the  correlation  between  genetically  predicted
higher  circulating  glycine  levels  and  decreased  risk  of
CAD in Europeans. The analysis revealed a significant
correlation  [odds  ratio  (OR)=0.84,  95%  confidence
interval  (CI):  (0.72,  0.98),  P=0.029,  PCochran’s  Q=
0.018, PMR-PRESSO global test=0.03, PMR-Egger intercept test
=0.069].  However,  when using instruments  consisting
of  4,  3,  and  1  SNPs,  no  significant  associations  were
observed,  despite  consistently  indicating  the  same
direction of association (Figure 2A).

Out of the initial 19 SNPs, 14 were included in our
East  Asian-focused  MR  analysis  using  data  from
Biobank  Japan.  Five  SNPs  were  excluded  due  to
missing  data  or  palindromic  status.  Our  analysis
showed  a  consistent  protective  relationship  between
genetically predicted glycine levels and the risk of CAD
(OR=0.76,  95%  CI:  0.66,  0.89;  P=3.57×10-4,
PCochran’s  Q=0.186,  PMR-PRESSO  global  test=0.199,
PMR-Egger intercept test=0.038), However, other IVs sets
did  not  show  a  significant  association,  likely  due  to
limited statistical power (Figure 2B).

We  found  a  significant  relation  between  higher
genetically  predicted  circulating  glycine  levels  and
lower  genetically  predicted  SBP  (β=−0.74,  95%  CI:
−1.28,  −0.20;  P=0.007,  P  Cochran’s  Q  =0.196,
PMR-PRESSO  global  test=0.287],  PMR-Egger  intercept  test=
0.759).  Using  the  CPS1  and  GLDC  instruments,  we
observed consistent effects of glycine on SBP (β=−0.62,
95%  CI:  −1.19,  −0.06;  P=0.03,  PCochran’s  Q=0.551,
PMR-Egger  intercept  test=0.786]  (Supplementary
Figure S1, available at https:// weekly.chinacdc.cn/).

Furthermore,  our  analysis  revealed  that  there  was  a
negative  relationship  between  genetically  predicted
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FIGURE 1. Schematic diagram of a two-step Mendelian randomization.
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circulating glycine levels and genetically predicted DBP
(β=−0.30,  95%  CI:  −0.56,  −0.05;  P=0.02,  PCochran’s
Q=0.356,  PMR-PRESSO  global  test=0.455,  PMR-Egger
intercept  test=0.527).  This  association  remained
consistent  when  using  alternative  IV  sets
(Supplementary  Figure  S1,  available  at  https://
weekly.chinacdc.cn/).  However,  we  did  not  find  any
association  between  predicted  glycine  levels  and
anthropometric,  glycemic,  inflammatory,  or  blood
lipid traits (Supplementary Figures S2–S5, available at
https://weekly.chinacdc.cn/).

Out  of  the  461  SNPs  related  to  SBP,  we  included
412 in our MR analysis. Four SNPs were excluded due
to  insufficient  data,  and  45  SNPs  were  removed  after
an  outlier  test,  using  MR-PRESSO.  We  detected
significant heterogeneity (PCochran’s Q=2.17×10-8), and
the presence of horizontal pleiotropy was confirmed by
using  the  MR-PRESSO  global  test  (P<1×10-4).  Our
results  demonstrated  a  positive  association  between
SBP  and  the  risk  of  CAD,  with  each  unit  increase  in
SBP  associated  with  a  3%  increase  in  CAD  risk
(OR=1.03,  95%  CI:  1.02,  1.03;  PWM=2.33×10-19)
(Table 1).

The  potential  mediation  of  systolic  blood  pressure
(SBP)  on  the  association  between  circulating  glycine
and  CAD risk  was  investigated.  The  mediation  effect
involving  SBP  was  found  that  6.06%  of  the  effect  of
circulating  glycine,  which  was  genetically  predicted

using  19  SNPs,  was  mediated  through  the  genetically
predicted  SBP  (Supplementary  Table  S3,  available  at
https://weekly.chinacdc.cn/).
 

DISCUSSION

The  two-step  MR  analysis  demonstrated  a
significant  causal  association  between  decreased  levels
of  genetically  predicted  circulating  glycine  and  CAD.
Our  estimation  revealed  that  approximately  6.06%  of
this  potential  causal  effect  is  mediated  through
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FIGURE 2. Forest  plots showing effect  sizes ± 95% confidence intervals for  the association between genetically  predicted
circulating glycine levels and CAD. (A) European; (B) East Asian.
Note: Four sets of IVs were used to estimate the association between circulating glycine levels and CAD risk: 1) significant
glycine-related SNPs (19 SNPs) identified in the GWAS of circulating glycine; 2) loci near genes encoding enzymes-related
to  glycine  metabolism  (GLDC,  PHGDH,  PSPH,  ALDH1L1,  and  CPS1,  4  SNPs);  3)  loci  near  genes  encoding  enzymes
related  to  glycine  metabolism  except  for  the  pleiotropic  CPS1  locus  (which  showed  significant  associations  with  multiple
metabolites, 3 SNPs); and 4) the loci at GCSH and GLDC encoding enzymes of the glycine cleavage system (1 SNP).
Abbreviation: SNP=single nucleotide polymorphism; MR-PRESSO=Mendelian Randomization Pleiotropy RESidual Sum and
Outlier; GWAS=genome-wideassociation studies; ALDH1L1=aldehyde dehydrogenase 1 family member L1; CAD=coronary
artery  disease;  CPS1=carbamoyl-phosphate  synthase;  GLDC=glycine  decarboxylase;  GCSH=glycine  cleavage  system
protein H; PHGDH=phosphoglycerate dehydrogenase; PSPH=phosphoserine phosphatase; SBP=systolic blood pressure.

 

TABLE 1. Association  of  genetically  predicted  SBP  with
CAD risk in the Mendelian randomization analysis.

Method OR 95% CI P

WM 1.03 1.02 to 1.03 2.33×10−19

IVW 1.03 1.03 to 1.04 1.76×10−56

MR-Egger 1.04 1.03 to 1.05 1.73×10−11

MR-PRESSO 1.03 1.03 to 1.04 1.96×10−44

Note: OR>1 indicates that increased SBP was associated with an
increased  risk  of  CAD;  The  Cochran’s  Q=589.23  (P=2.17×10−8),
and I2=30.24%,  indicating that  there was heterogeneity.  The MR-
PRESSO  global  test  (P<1×10−4)  and  MR-Egger  intercept  test
(P=0.481)  indicated  that  there  was  horizontal  pleiotropy  for  the
selected instruments.
Abbreviation:  CAD=coronary  artery  disease;  CI=confidence
interval;  MR-PRESSO=Mendelian  Randomization  Pleiotropy
RESidual  Sum  and  Outlier;  IVW=inverse  variance  weighted;
OR=odds  ratio;  SBP=systolic  blood  pressure;  WM=weighted
median.
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genetically  predicted  SBP,  suggesting  that  the
protective  influence  of  circulating  glycine  may  be
attributed to its effect on reducing SBP. However, our
findings  suggest  that  other  risk  factors  associated  with
CAD,  such  as  glycemic  characteristics,  lipid  profiles,
and  inflammatory  markers,  may  not  play  a
considerable role as mediators in this relationship.

Previous  studies  conducted  on  European  white
populations  have  produced  inconsistent  results
regarding the association between glycine levels and the
risk  of  developing  CAD.  Specifically,  one  study  on
European whites did not provide strong evidence for a
causal  relationship between glycine and CAD risk (6).
Additionally,  the  relationship  between  circulating
glycine  levels  and  the  CAD  risk  in  different  racial
groups  remains  uncertain.  There  is  only  one  previous
study that investigated this relationship in Singaporean
Chinese  individuals,  and  reported  a  similar  protective
effect (5). However, this study had limitations such as
a relatively small sample size and the inclusion of only
two  SNPs,  one  of  which  was  not  validated.
Consequently,  the  study  design  may  have
compromised  the  validity  of  their  findings.  In  our
research,  we  have  cross-validated  IVs  using  two
independent  GWAS  datasets,  which  strengthens  the
reliability and robustness of our conclusions.

Previous epidemiological studies have suggested that
dietary  glycine  may  have  a  protective  effect  on  blood
pressure  regulation  (11).  Our  MR  analysis  provides
further  support  for  this  association.  We  found  an
inverse  genetic  correlation  between  circulating  glycine
levels  and  SBP,  which  accounted  for  approximately
nearly  6.06%  of  the  genetic  association  between
glycine  and  CAD.  In  rat  models  of  metabolic
syndrome,  diets  rich  in  glycine  have  been  shown  to
reduce  hypertension  by  reducing  free  radical
production and enhancing nitric oxide utilization (12).
However,  our  study  did  not  uncover  any  significant
correlations  between  glycine  and  lipid  traits  or
inflammatory  markers  (13).  Further  comprehensive
investigations  are  needed  to  explore  other  potential
mechanisms that may explain the genetic link between
glycine and CAD.

Our  study  had  several  strengths.  First,  we
implemented a thorough process to select valid genetic
instruments  for  MR  analysis.  This  procedure  reduced
the  potential  bias  caused  by  weak  instruments  and
improved  the  statistical  power  of  our  study.  We  used
different MR methodologies to ensure the reliability of
our estimates regarding the causal relationship between
circulating glycine and the risk of  CAD. Additionally,

we  conducted  MR  analyses  on  two  separate
populations, obtaining consistent results.

This study was subject to some limitations. First, the
genetic  instruments  used  in  our  analysis  were  derived
from  datasets  consisting  only  of  individuals  of
European  descent.  To  date,  there  have  been  no  large-
scale  GWAS  studies  investigating  the  relationship
between circulating glycine and genetic instruments in
East  Asian  populations.  Additionally,  our  mediation
analysis  is  subject  to  potential  bias,  as  accurately
establishing causal relationships can be challenging and
distinguishing  between  mediation  and  confounding
can be statistically complex.

The present study utilized MR analysis to investigate
the  possible  causal  link  between  serum  glycine  levels
and  CAD.  These  findings  contribute  to  our
understanding  of  the  role  of  glycine  in  the
development  of  CAD  and  provide  methodological
insights  for  the  prevention  and  treatment  of  the
disease. 
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SUPPLEMENTARY MATERIAL
 

SUPPLEMENTARY TABLE S1. Description of GWAS summary-level data used in this study.
Trait Year GWAS ID Population Sample size Number of SNPs Source (Pubmed ID)

Circulating glycine levels 2020 met-d-Gly European 114,972 12,321,875
Nightingale Health Plc;
Biomarker Quantification

Version 2020
CAD 2015 ebi-a-GCST003116 European 141,217 8,597,751 26343387

CAD 2020 bbj-a-159 East Asian 212,453 8,881,048 –

BMI 2018 ieu-b-40 European 681,275 2,336,260 30124842

WHRadjBMI 2015 ieu-a-79 European 210,082 210,082 25673412

FG 2012 ebi-a-GCST005186 European 58,074 2,599,409 22581228

FI 2012 ebi-a-GCST005185 European 51,750 2,598,774 22581228

DBP 2018 ieu-b-39 European 757,601 7,160,619 30224653

SBP 2018 ieu-b-38 European 757,601 7,088,083 30224653

CRP 2018 ieu-b-35 European 204,402 2,414,379 30388399

IL-6 2019 prot-c-4673_13_2 European 1,338 501,428 28240269

TG 2013 ebi-a-GCST002216 European 94,595 2,410,057 24097068

TC 2013 ebi-a-GCST002221 European 94,595 2,418,562 24097068
Note:  “–” means  not  applicable.  ID  means  GWAS ID  on  the  MRbase  website,  which  is  a  website  of  large-scale  public  GWAS datasets;
PMID, the ID number of the articles published in PubMed.
Abbreviation:  SNP=single  nucleotide  polymorphism;  GWAS=genome-wideassociation  studies;  CAD=coronary  artery  disease;  BMI=body
mass  index;  WHRadjBMI=waist-to-hip  ratio  adjusted  for  BMI;  FG=fasting  blood  glucose;  FI=fasting  blood  insulin;  DBP=diastolic  blood
pressure; SBP=systolic blood pressure; IL-6=interleukin-6; CRP=C-reactive protein; TG=triglycerides; TC=total cholesterol.
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SUPPLEMENTARY TABLE S2. Selection of valid genetic instruments based on UKB and Wittemans’s study.
UKB

SNP Chr Pos EA NEA EAF β Se P Loci

rs10190808*,† 2 211993631 C G 0.136421 0.0346173 0.0056719 2.40×10−9 CPS1-IT1

rs10934753*,† 3 125906179 A G 0.417116 0.0690031 0.0039623 3.40×10−74 ALDH1L1

rs11045886 12 21386493 C A 0.165117 0.0306817 0.0052791 8.30×10−9 SLCO1B1

rs11172190 12 57766305 T C 0.503709 0.0236924 0.0039114 1.00×10−10 R3HDM2

rs112247225† 16 81154900 T C 0.046621 −0.128232 0.0092851 5.20×10−45 PKD1L2

rs11242109 5 131677047 T G 0.47905 0.0226052 0.003901 2.00×10−8 SLC22A4

rs149181595 15 43685807 C A 0.027601 0.0942587 0.0119122 3.90×10−17 TUBGCP4

rs17722201 2 209645912 C T 0.219135 0.0275746 0.0047091 9.80×10−9 PTH2R

rs192322963† 8 17445955 A G 0.025449 0.0829439 0.0125376 4.10×10−11 PDGFRL

rs1965869† 4 89677537 C T 0.715726 −0.0242087 0.0043317 9.00×10−9 FAM13A

rs2026972*,† 9 6538279 C G 0.308331 −0.0821551 0.0042321 2.20×10−87 GLDC

rs2608913† 6 131870261 C T 0.217028 −0.0243496 0.0047367 2.30×10−8 ARG1

rs2657879† 12 56865338 G A 0.182536 0.0478885 0.0050385 5.20×10−22 GLS2

rs2711697† 12 47265729 C A 0.369926 0.0265213 0.0040341 1.10×10−11 SLC38A4

rs28435239 9 5989087 A G 0.769224 −0.0289595 0.0046491 8.60×10−10 KIAA2026

rs34945403† 15 58430763 G A 0.067631 −0.0634669 0.0080365 1.70×10−15 AQP9

rs35034344† 2 211026796 T A 0.273031 −0.0653462 0.0045911 1.90×10−46 KANSL1L

rs4380169 2 212145768 C T 0.490602 −0.0421118 0.0038951 3.60×10−27 ENSAP3

rs4889229 16 81113672 T C 0.917408 0.117726 0.0071008 4.20×10−64 RP11-303E16.10

rs561931*,† 1 120254506 G A 0.580975 0.0290991 0.0039588 4.50×10−14 PHGDH

rs56819961† 12 47137673 C T 0.212573 0.0426129 0.0047614 1.40×10−20 SLC38A4

rs6587644 1 151994458 A G 0.304982 0.0221024 0.0042589 2.40×10−8 NBPF18P

rs67523949 12 348506 T C 0.536231 0.0263338 0.0039096 3.30×10−11 SLC6A13

rs7188156 16 79938114 G T 0.14474 0.0317192 0.0055593 1.20×10−8 LINC01228

rs75604103† 2 211692010 G A 0.121625 −0.0989874 0.0060071 1.10×10−60 ENSAP3

rs7704653† 5 90255685 G A 0.724033 −0.0316456 0.0044087 3.70×10−13 ADGRV1

rs7800001† 7 56072010 C T 0.755284 0.0723549 0.0045524 5.50×10−61 GBAS

rs79687284† 1 214150821 C G 0.034645 0.0679817 0.0106777 7.80×10−11 PROX1-AS1

rs9532939† 13 42440496 A T 0.345473 0.0252027 0.0042637 8.70×10−9 VWA8

rs11666281 19 18234588 T C 0.25424 0.0044789 −0.0370833 1.30×10−17 MAST3

rs6601302† 8 9239458 G T 0.750342 0.004516 0.0276846 2.10×10−10 −

rs2657879† 12 56865338 G A 0.182536 0.0050385 0.0478885 5.20×10−22 GLS2

rs28601761† 8 126500031 G C 0.420161 0.003998 0.060914 1.40×10−55 TRIB1

rs4240624 8 9184231 A G 0.90923 0.0067925 −0.126861 2.00×10−82 LOC157273

Wittemans’s study

rs4646961 1 76217169 A G 0.297 0.048 0.006 8.41×10−19 intronic variant in ACADM

rs561931*,† 1 120254506 G A 0.593 0.033 0.006 7.57×10−14 5’ UTR variant of PHGDH

rs10184004† 2 165508389 T C 0.4 0.036 0.006 1.53×10−9
Intergenic variant near

COBLL1 (28 kb) and GRB14
(30 kb)

rs715*,† 2 211543055 C T 0.313 0.444 0.006 3.00×10−1632 3’UTR variant of CPS1

rs9862438* 3 125910381 T C 0.416 0.058 0.006 1.13×10−30 ncRNA intronic variant in
ALDH1L1-AS2
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Continued
UKB

SNP Chr Pos EA NEA EAF β Se P Loci

rs148685782 4 155533035 G C 0.996 0.309 0.049 2.01×10−10 Synonymous variant in FGG

rs71640034 4 187161048 A G 0.511 0.034 0.006 5.57×10−8 intronic variant in KLKB1

rs156380 5 53378450 C T 0.807 0.031 0.007 4.50×10−8 intronic variant in ARL15

rs3105793 5 90226061 A G 0.273 0.028 0.006 4.04×10−8 intronic variant in ADGRV1

rs10900807 5 131757480 G C 0.805 0.036 0.007 1.26×10−9 ncRNA intronic variant in
C5orf56

rs2545801 5 176841339 C T 0.747 0.042 0.007 7.23×10−14 intergenic variant near F12
(5 kb) and GRK6 (12 kb)

rs543159 6 160776017 A C 0.482 0.035 0.006 4.20×10−10 intronic variant in SLC22A3

rs4947534* 7 56079094 C T 0.76 0.072 0.007 7.12×10−34 3’ UTR variant of PSPH

rs9987289† 8 9183358 A G 0.1 0.124 0.01 1.74×10−49 ncRNA intronic variant in
LOC157273

rs28601761† 8 126500031 G C 0.416 0.063 0.006 8.49×10−30
intergenic variant near
TRIB1 (49kb) and
LINC00861 (435 kb)

rs17591030* 9 6550024 C T 0.715 0.08 0.006 1.88×10−40 intron variant in GLDC

rs676996† 9 136146077 T G 0.668 0.04 0.006 4.39×10−15 intron variant in ABO

rs190595610 10 32274880 A G 0.997 0.253 0.056 8.96×10−9
Intergenic variant near
ARHGAP12 (57 kb) and

KIF5B (23 kb)
rs10740134† 10 65315433 T C 0.515 0.038 0.006 1.18×10−12 intron variant in REEP3

rs12297321 12 47109387 T C 0.152 0.048 0.008 7.41×10−13
Intergenic variant near
SLC38A4 (38 kb) and

LOC100288798 (630 kb)
rs2638314 12 56866334 A T 0.182 0.042 0.007 1.52×10−8 intronic variant in GLS2

rs9514191 13 104520138 C G 0.312 0.034 0.006 3.10×10−8
intergenic variant near
LINC01309 (440 kb) and
DAOA-AS1(159 kb)

rs201393666 15 43677979 A C 0.029 0.097 0.017 2.64×10−8 intronic variant in TUBGCP4

rs2280195 15 58467095 A G 0.441 0.028 0.006 3.15×10−9 intronic variant in AQP9

rs9923732* 16 81110903 A G 0.914 0.119 0.011 1.22×10−41
Upstream variant of

C16orf46, 9 kb downstream
of GCSH

rs8078686† 17 45735706 C T 0.509 0.035 0.006 3.66×10−11 intron variant in KPNB1

rs273510† 19 18223350 A G 0.708 0.034 0.006 3.57×10−9 intron variant in MAST3
Note:  “–” means  Gene  loci  was  not  found.  We  excluded  rs1047891  (homocysteine  levels),  rs11666281  (body  mass  index),  rs13107325
(diastolic  blood  pressure),  rs1801133  (homocysteine  levels),  rs2657879  (fasting  blood  glucose),  rs28601761  (triglycerides),  rs36105243
(type  2  diabetes),  rs4240624  (total  cholesterol),  rs56113850  (smoking  status:  current),  rs6601302  (body  mass  index),  and  rs79687284
(diabetes diagnosed by doctors) for pleiotropic effects (from PhenoScanner).
Abbreviation: UKB=UK Biobank; Chr=chromosome; Pos=position; EA=equal alleles; NEA=non-equal alleles; EAF=equal allele frequencies;
Se=standard  error;  SNP=single  nucleotide  polymorphism;  PSPH=phosphoserine  phosphatase;  GLDC=glycine  decarboxylase;
GCSH=glycine cleavage system protein H.
* means loci related to circulating glycine.
† means the SNPs used in this study.

 

SUPPLEMENTARY TABLE S3. The mediation effect of circulating glycine on CAD via SBP.

Mediator
Total effect Direct effect A Direct effect B Mediation effect 　 Mediated proportion (%)

β (95% CI) β (95% CI) β (95% CI) β (95% CI) P (95% CI)

SBP −0.20 (−0.34, −0.05) −0.74 (−1.28, −0.20) 0.03 (0.02, 0.03) −0.02 (−0.04, −4.94×10-3) 9.93×10-3 6.06 (3.62, 10.64)

Abbreviation: CI=confidence interval; CAD=coronary artery disease; SBP=systolic blood pressure.
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SUPPLEMENTARY  FIGURE S1. Forest  plots  of  the  effect  sizes  ±  95%  confidence  intervals  of  the  association  between
genetically predicted circulating glycine levels and SBP/DBP.
Note: The association effect size was estimated based on one standard deviation change of genetically predicted circulating
glycine levels (9 SNP: in 19 SNPs,16 SNPs were available for SBP dataset; 1 SNP was palindromic with intermediate allele
frequencies, and 6 SNPs were outliers removed by MR-PRESSO outlier test; 3 SNP: in 4 SNPs, 3 SNPs were available for
SBP dataset; 2 SNP: in 3 SNPs, 2 SNPs were available for SBP dataset; 1 SNP: 1 SNP was available for SBP dataset; 9
SNP: in 19 SNPS,16 SNPs were available for DBP dataset; 1 SNP was palindromic with intermediate allele frequencies, and
6 SNPs were outliers removed by MR-PRESSO outlier test; 3 SNP: in 5 SNPs, 3 SNPs were available for DBP dataset; 2
SNP: in 3 SNPs, 2 SNPs were available for DBP dataset; 1 SNP: 1 SNP was available for DBP dataset).
Abbreviation:  MR-PRESSO=Mendelian  Randomization  Pleiotropy  RESidual  Sum  and  Outlier;  SNP=single  nucleotide
polymorphism; DBP=diastolic blood pressure; SBP=systolic blood pressure.
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SUPPLEMENTARY  FIGURE S2. Forest  plots  of  the  effect  sizes  ±  95%  confidence  intervals  of  the  association  between
genetically predicted circulating glycine levels and BMI/WHR.
Note: The association effect size was estimated based on one standard deviation change of genetically predicted circulating
glycine levels  (9  SNP: in  19 SNPs,  12 SNPs were available  for  BMI dataset,  and 3 SNPs were outliers  removed by MR-
PRESSO outlier test; 3 SNP: in 4 SNPs, 3 SNPs were available for BMI dataset; 2 SNP: in 3 SNPs, 2 SNPs were available
for  BMI  dataset;  1  SNP:  1  SNP  was  available  for  BMI  dataset;  10  SNP:  in  19  SNPs,  14  SNPs  were  available  for  WHR
dataset, and 4 SNPs were outliers removed by MR-PRESSO outlier test; 4 SNP: 4 SNPs were available for WHR dataset; 3
SNP: 3 SNPs were available for WHR dataset; 1 SNP: 1 SNP was available for WHR dataset).
Abbreviation: SNP=single nucleotide polymorphism; MR-PRESSO=Mendelian Randomization Pleiotropy RESidual Sum and
Outlier; BMI=body mass index; WHR=waist-to-hip ratio adjusted for body mass index.
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SUPPLEMENTARY  FIGURE S3. Forest  plots  of  the  effect  sizes  ±  95%  confidence  intervals  of  the  association  between
genetically predicted circulating glycine levels and FG/FI.
Note: The association effect size was estimated based on one standard deviation change of genetically predicted circulating
glycine  levels  (12  SNP:  in  19  SNPs,14  SNPs were  available  for  FG dataset,  and  2  SNPs were  outliers  removed by  MR-
PRESSO outlier test; 4 SNP: 4 SNPs were available for FG dataset; 3 SNP: 3 SNPs were available for FG dataset; 1 SNP:
1 SNP was available for FG dataset; 12 SNP: in 19 SNPS,14 SNPs were available for FI dataset, and 2 SNPs were outliers
removed by MR-PRESSO outlier test; 4 SNP: 4 SNPs were available for Fl dataset; 3 SNP: 3 SNPs were available for FI
dataset; 1 SNP: 1 SNP was available for FI dataset).
Abbreviation: SNP=single nucleotide polymorphism; MR-PRESSO=Mendelian Randomization Pleiotropy RESidual Sum and
Outlier; FG=fasting blood glucose; FI=fasting blood insulin.
 

CRP

OR
0.2 0.5 0.8 1.0 1.2 1.5

  Inverse variance weighted

Weighted median

Inverse variance weighted

Weighted median
MR-PRESSO

2 SNP
1 SNP

8 SNP

3 SNP

Wald ratio

IL-6

OR
0.2 0.5 0.8 1.0 1.2 1.5

Inverse variance weighted

Weighted median
MR-PRESSO

1 SNP
1 SNP

7 SNP

Wald ratio

Inverse variance weighted
Wald ratio

MR-Egger

MR-Egger

MR-Egger

SUPPLEMENTARY  FIGURE S4. Forest  plots  of  the  effect  sizes  ±  95%  confidence  intervals  of  the  association  between
genetically predicted circulating glycine levels and CRP/IL-6.
Note: The association effect size was estimated based on one standard deviation change of genetically predicted circulating
glycine levels (8 SNP: in 19 SNPS,13 SNPs were available for  CRP dataset;  and 5 SNPs were outliers removed by MR-
PRESSO outlier test; 3 SNP: in 4 SNPs, 3 SNPs were available for CRP dataset; 2 SNP: in 3 SNPs, 2 SNPs were available
for CRP dataset; 1 SNP: 1 SNP was available for CRP dataset. 7 SNP: in 19 SNPs, 8 SNPs were available for IL-6 dataset
and  1  SNP  was  removed  for  being  palindromic  with  intermediate  allele  frequencies;  1  SNP:  in  4  SNPs,  2  SNPs  were
available for IL-6 dataset, and 1 SNP was removed for being palindromic with intermediate allele frequencies; 1 SNP: in 3
SNPS1  SNP  was  available  for  IL-6  dataset;  1SNP:  1  SNP  was  removed  for  being  palindromic  with  intermediate  allele
frequencies).
Abbreviation: SNP=single nucleotide polymorphism; MR-PRESSO=Mendelian Randomization Pleiotropy RESidual Sum and
Outlier; CRP=C-reactive protein; IL-6=Interleukin-6.
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SUPPLEMENTARY  FIGURE S5. Forest  plots  of  the  effect  sizes  ±  95%  confidence  intervals  of  the  association  between
genetically predicted circulating glycine levels and TG/TC.
Note: The association effect size was estimated based on one standard deviation change of genetically predicted circulating
glycine levels (7 SNP: in 19 SNPS 14 SNPs were available for TG dataset, 2 SNPs were removed for being palindromic with
intermediate allele frequencies, and 5 SNPs were outliers removing by MR-PRESSO outlier test; 2 SNP: in 4 SNPs, 4 SNPs
were available for TG dataset, 2 SNPs were removed for being palindromic with intermediate allele frequencies; 2 SNP: in 3
SNPS,  1  SNP  was  removed  for  being  palindromic  with  intermediate  allele  frequencies  1  SNP:  was  removed  for  being
palindromic with intermediate allele frequencies. 3 SNP: in 19 SNPs, 14 SNPs were available for TC dataset 2 SNPs were
removed for  being  palindromic  with  intermediate  allele  frequencies,  and 9  SNPs were  outliers  removing  by  MR-PRESSO
outlier  test;  2  SNP:  in  4  SNPs,  4  SNPs were  available  for  TC dataset,  2  SNPs were  removed for  being  palindromic  with
intermediate  allele  frequencies;  2  SNP:  in  3  SNPs,  1  SNP  was  removed  for  being  palindromic  with  intermediate  allele
frequencies; 1 SNP: was removed for being palindromic with intermediate allele frequencies).
Abbreviation: SNP=single nucleotide polymorphism; MR-PRESSO=Mendelian Randomization Pleiotropy RESidual Sum and
Outlier; TG=Triglyceride; TC=Total cholesterol.
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