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Abstract
Background:  The  development  of  rosacea  is  suggested  to  be  closely  associated  with  lipid
metabolism,  inflammation,  and  anxiety/depression.  Gamma  linolenic  acid  (GLA)  is  a  key  fac-
tor participating  in  lipid  metabolism,  which  is  also  confirmed  to  regulate  the  inflammatory
response. However,  the  associations  of  serum  GLA  levels  with  rosacea  severity  and  psychological
status still  remain  unclear.
Objective  and  limitations  of  the  study:  The  present  study  aimed  to  investigate  the  associa-
tions of  gamma  linolenic  acid  (GLA),  a  key  factor  participating  in  lipid  metabolism  and  the
inflammatory  response,  with  rosacea  severity  and  psychological  status.  The  present  study  still

had some  limitations.  First,  this  study  is  a  cross-sectional  study  and  does  not  provide  longi-
tudinal evidence  about  the  relationship  between  GLA  and  rosacea;  Second,  the  cohort  in  this
study is  also  relatively  small,  and  a  larger  cohort  is  needed  in  further  investigation  to  reveal
the potential  role  of  lipid  metabolism  in  the  pathogenesis  of  rosacea.

� Study conducted at the First Affiliated Hospital to the Third Military Medical University, Chongqing, China.
∗ Corresponding authors.

E-mails: xingzhu007@163.com (J. Fu), leejian860@126.com (J. Li).
1 Jin-Yi Tang and Mei-Ling Chen contributed equally to this work.

ttps://doi.org/10.1016/j.abd.2023.01.008
365-0596/© 2023 Sociedade Brasileira de Dermatologia. Published by Elsevier España, S.L.U. This is an open access article under the CC
Y license (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.abd.2023.01.008
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2023.01.008&domain=pdf
https://orcid.org/0009-0002-8803-379X
https://orcid.org/0009-0007-8540-6921
https://orcid.org/0000-0003-4145-0916
https://orcid.org/0009-0004-7557-9771
https://orcid.org/0000-0003-3536-6080
https://orcid.org/0000-0003-0640-5968
https://orcid.org/0000-0001-5742-6334
https://orcid.org/0000-0001-7917-1491
https://orcid.org/0000-0001-6645-8514
mailto:xingzhu007@163.com
mailto:leejian860@126.com
https://doi.org/10.1016/j.abd.2023.01.008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


J.  Tang,  M.  Chen,  M.  Wan  et  al.

Methods:  A  total  of  62  rosacea  patients  were  consecutively  recruited.  Patient’s  Self-Assessment
(PSA) scale  and  Clinician  Erythema  Assessment  (CEA)  as  well  as  7-item  Generalized  Anxiety
Disorder  (GAD-7)  and  9-item  Patient  Health  Questionnaire  (PHQ-9)  were  conducted  to  evaluate
the degree  of  erythema  severity  and  anxiety/depression,  respectively.  Serum  GLA  levels  were
determined  by  gas  chromatography  mass.
Results:  Lower  levels  of  serum  GLA  in  rosacea  patients  were  observed  (p  <  0.001),  and  subgroup
analysis revealed  that  patients  with  higher-level  GLA  had  lower  scores  of  PSA,  CEA,  GAD-7
and PHQ-9.  Moreover,  Spearman  correlation  analysis  uncovered  that  serum  GLA  levels  were
negatively associated  with  PSA,  CEA,  GAD-7  as  well  and  PHQ-9  scores,  respectively.  Linear
regression  model  found  that  serum  GLA  levels  at  baseline  were  a  predictive  factor  for  prognosis
of clinical  outcomes  after  1-month  conventional  treatment.
Conclusion:  The  present  study  indicates  that  lower  levels  of  serum  GLA  in  rosacea  patients  are
negatively associated  with  the  degree  of  erythema  and  anxiety/depression  status.
© 2023  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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patients  were  divided  into  the  low-level  GLA  group  and  the
ntroduction

osacea  is  a  prevalent  chronic  dermatosis  among  adults,
specially  females.1 Rosacea  is  currently  segmented  into
our  subtypes,  including  erythaotelangiectactic  rosacea
ETR),  papulopustular  rosacea  (PPR),  phymatous  rosacea
PHY),  and  ocular  rosacea  (OR).  The  most  prevalent  subtype
s  ETR,2 in  which,  the  most  common  symptoms  are  persis-
ent  erythema  and  flushing,  bringing  a  considerably  negative
mpact  on  rosacea  patients.  In  recent  years,  rosacea  has
egun  to  occur  in  the  younger,  which  might  cause  more  detri-
ental  consequences,  such  as  low  working  enthusiasm  and

nxiety/depression.3 However,  except  for  topical  brimoni-
ine,  there  are  no  other  approved  treatments  due  to  the
oor  understanding  of  the  mechanism  of  rosacea.

Although  the  mechanism  is  not  fully  understood,  cur-
ent  advances  suggest  that  rosacea  is  a  complicated  disease
nfluenced  by  multifaced  risk  factors,  including  immune
esponse,  anxiety/depression,  impaired  skin  barrier,  and
bnormally  local  or  systematical  lipid  metabolism.4---7 Specif-
cally,  the  compromised  epidermal  permeability  barrier
nduces  the  production  and  release  of  inflammatory  fac-
ors  and  infiltration  of  immune  cells,  consequently  causing
kin  dryness,  stinging,  and  burning  in  rosacea  patients.8

n  addition,  a  previous  study  found  that  the  composition
f  sebaceous  lipids  alters  in  rosacea  patients  in  com-
arison  with  normal  controls,7 suggesting  the  potential
ole  of  lipid  metabolism  in  the  pathogenesis  of  rosacea.
osacea  is  also  proposed  as  a  chronic  inflammatory  skin
isorder  and  activated  inflammation  can  explain  many  of
ts  signs  and  symptoms.6 The  previous  study  found  that
nxiety/depression  status  plays  a  substantial  role  in  the
evelopment  of  rosacea  and  regulating  anxiety/depression
tatus  can  facilitate  the  therapeutic  efficacy  of  the  current
rugs.3 Thus,  targeting  these  multiple  pathways  might  hold
romise  for  alleviating  rosacea.

Gamma  linolenic  acid  (GLA)  is  an  endogenic  n-6  polyun-
aturated  fatty  acid  (n-6  PUFA)  that  plays  a  crucial  role
n  reducing  lipid  levels.9 A  recent  randomized  clinical  trial

ndicated  that  GLA  as  a  supplement  can  improve  clinical  out-
omes  and  reduce  the  lipid  levels  in  patients  with  rosacea,10

ighlighting  that  GLA  might  be  involved  in  the  pathogenesis
f  rosacea.  To  the  best  of  our  knowledge,  few  studies  have
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een  done  to  figure  out  the  relationship  between  the  devel-
pment  of  rosacea  and  endogenic  GLA  levels.  Therefore,
n  this  study,  the  authors  aimed  to  investigate  the  alter-
ation  of  serum  GLA  levels  and  explore  the  association  of
erum  GLA  levels  with  erythema  degree  and  anxiety  status
n  patients  with  ETR.

ubjects and methods

 total  of  62  rosacea  patients  (ETR  subtype)  and  14
ge-matched  Normal  Controls  (NCs)  were  consecutively
ecruited  from  the  southwest  hospital.  The  authors  col-
ected  their  blood  samples  and  examined  blood  GLA  levels.
n  addition,  the  authors  also  assessed  the  erythema  degree
nd  anxiety  status  and  their  correlations  with  blood  GLA  lev-
ls,  respectively.  The  detailed  information  was  presented  in
upplementary  data.

esults

emographic  characters

able  1  shows  the  demographic  characteristics  of  rosacea
atients  and  NCs.  As  shown,  there  were  no  significant
ifferences  in  age,  gender,  BMI,  the  prevalence  of  hyperten-
ion  and  diabetes  as  well  as  hypercholesterolemia  between
osacea  patients  and  NCs  (Table  1,  p  >  0.05).  In  addition,
erum  GLA  levels  in  rosacea  patients  at  baseline  were  lower
han  those  in  NCs  (24.66  ±  8.20  vs.  15.81  ±  10.58  moL/L,

 =  0.004).

omparisons  of  CEA  and  PSA  scores  between  the
ow-level GLA  group  and  the  high-level  GLA  group
mong rosacea  patients

he  authors  used  the  median  value  of  NC  samples  as  the
utoff  value  to  distinguish  the  high-level  GLA  group  and
ow-level  GLA  group  (26.32  moL/L).  Subsequently,  rosacea
igh-level  GLA  group  according  to  the  cutoff  value.  Next,
he  authors  compared  the  CEA  and  PSA  scores  between  the
ow-level  GLA  group  and  the  high-level  GLA  group  among
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Table  1  Demographic  characteristics.

Variable  Normal  controls  Rosacea  Statistics  P-value

No.  of  patients  14  62
Age (years) 34.64  ±  10.38 34.19  ±  10.92  t  =  0.140  0.889
Male/female  9(5)  20  (42)  �2=0.62  0.804
BMI (kg/m2)  23.21  ±  4.19  22.98  ±  5.34  t  =  0.337  0.737
Education level  (years)  12.34  ±  3.25  11.84  ±  2.97  t  =  1.130  0.260
Hypertension  (%)  4  (6.5)  10  (16.1)  �2=1.177  0.278
Diabetes (%)  1  (7.1)  6  (9.7)  �2=0.088  0.767
GLA levels  (mol/L)  24.66  ±  8.20  15.81  ±  10.58  t  =  2.933  0.004
CEA scores  NA  2.58  ±  1.00
PSA scores NA  2.90  ±  0.74
GAD-7 scores NA  6.56  ±  4.98
PHQ-9 scores  NA  5.10  ±  4.33

Note: NA denotes not applicable.

Figure  1  Comparisons  of  CEA  and  PSA  scores  between  the  low-level  GLA  group  and  the  high-level  GLA  group.  (A)  Comparison  of
C ;  n  =  

b

r
p
t
f

C
i

E
m
a
u
s
c

l
C

P
s

T
f
m
a

EA scores.  (B)  Comparison  of  PSA  scores.  **  Indicates  p  <  0.01
ars present  the  SD.

osacea  patients.  It  was  interesting  to  find  out  that  rosacea
atients  with  lower-level  GLA  had  higher  CEA  and  PSA  scores
han  those  in  patients  with  higher-level  GLA  (Fig.  1,  p  <  0.01
or  all).

orrelations  of  GLA  levels  with  PSA  and  CEA  scores
n patients  with  rosacea

TR  is  a  prevalent  subtype  of  rosacea,  whose  most  com-
on  symptom  is  erythema.  PSA  and  CEA  scores  are  usually
pplied  to  reflect  the  severity  of  erythema.  To  further
ncover  the  association  of  GLA  levels  with  the  disease
everity  of  rosacea,  the  authors  conducted  the  Spearman
orrelation  analysis.  As  illustrated  in  Fig.  2, serum  GLA
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53  for  the  low  group;  n  =  9  for  the  high-level  group.  The  error

evels  are  strikingly  associated  with  PSA  scores  as  well  as
EA  scores  (Fig.  2).

redictive  value  of  GLA  levels  for  CEA  and  PSA
cores after  1-month  treatment

o  explore  the  predictive  effects  of  GLA  level  at  baseline
or  CEA  and  PSA  scores  after  1-month  conventional  treat-
ent,  the  authors  further  conducted  the  linear  regression

nalysis  with  CEA  or  PSA  scores  as  the  independent  vari-

ble,  respectively.  The  contributing  factors  include  age,
ender,  hyperlipidemia,  hypertension  DM,  CEA  scores  at
aseline,  and  PSA  scores  at  baseline.  It  is  apparent  that  GLA
evels  at  baseline  were  a  significant  predictive  factor  for

1
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Figure  2  Correlations  of  GLA  levels  with  PSA  and  CEA  scores  in  patients  with  rosacea.  (A)  Correlation  of  serum  levels  with  CEA
scores. (B)  Correlation  of  serum  levels  with  PSA  scores  (n  =  62  for  each  analysis).

Table  2  The  predictive  value  of  GLA  levels  for  CEA  scores  after  a  1-month  of  treatment.

Variables
Unstandardized  coefficients Standardized  Coefficients P  value

B  SD  Beta

Constant  1.131  0.720  0.122
GLA levels  −0.059  0.014  −0.457  0.000
Age 0.016  0.018  0.126  0.375
Sex 0.275  0.300  0.095  0.362
Diabetes 0.386  0.514  0.085  0.456
hypertension  −1.302  0.472  −0.355  0.008
CEA at  baseline 0.423  0.133  0.332  0.003

Note: SD denotes Standard deviation.

Table  3  The  predictive  value  of  GLA  levels  for  PSA  scores  after  a  1-month  of  treatment.

Variables
Unstandardized  coefficients  Standardized  Coefficients  P  value

B  SD  Beta

Constant  0.066  .920  0.122
GLA levels  −.051  .014  −.448  0.001
Age 0.059  0.017  0.533  0.001
Sex −0.415  0.030  −0.162  0.171
Diabetes −0.844  0.537  −0.208  0.122
hypertension  −0.604  0.462  −0.185  0.197
PSA at  baseline  0.158  0.206  0.097  0.046
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Note: SD denotes Standard deviation.

EA  and  PSA  scores  after  1-month  follow-up,  respectively
Tables  2  and  3).

orrelations  of  GLA  levels  with  GAD-7  and  PHQ-9
cores in  patients  with  rosacea

s  anxiety/depression  has  a  direct  impact  on  the  devel-
pment  of  rosacea,  the  authors  further  investigated  the
elationship  between  serum  GLA  levels  and  GAD-7  as  well
s  PHQ-9  scores.  Initially,  the  authors  compared  GAD-7  and

HQ-9  scores  between  the  low-level  GLA  group  and  the
igh-level  GLA  group  among  rosacea  patients.  The  low-level
LA  group  displayed  higher  GAD-7  and  PHQ-9  scores  than
he  high-level  GLA  group  (Fig.  3A---B,  p  <  0.05).  In  addition,
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pearman  correlation  analysis  was  performed  to  figure  out
he  association  of  GLA  levels  with  GAD-7  and  PHQ-9  scores.
nterestingly,  both  GAD-7  and  PHQ-9  scores  were  negatively
orrelated  with  GLA  levels  among  patients  with  rosacea
Fig.  3C---D).

iscussion

n  the  present  study,  the  authors  aimed  to  investigate
he  association  of  serum  GLA  levels  with  erythema  and

nxiety/depression  status.  The  authors  found  that  rosacea
atients  had  a  higher  level  of  GLA  than  NCs,  and  CEA
nd  PSA  scores  as  well  as  GAD-7  and  PHQ-9  scores  level
n  the  low-level  GLA  ones  were  remarkably  higher  than

2
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Figure  3  Correlations  of  GLA  levels  with  PSA  and  CEA  scores  in  patients  with  rosacea.  (A)  Comparison  of  GAD-7  scores.  (B)
Comparison of  PHQ-9  scores.  (C)  Correlation  of  serum  levels  with  GAD-7  scores.  (D)  Correlation  of  serum  levels  with  PHQ-9  scores.
* p;  n  
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 Indicates  p  <  0.05;  **  Indicates  p  <  0.01;  n  =  53  for  the  low-grou
he error  bars  present  the  SD.

hose  in  the  high-level  GLA  group.  Overall,  serum  GLA  lev-
ls  were  strikingly  correlated  with  erythema  severity  and
nxiety/depression.

GLA  is  a  bioactive  PUFA  biosynthesized  through  the  desat-
ration  of  linoleic  acid  in  the  liver  by  the  �6-desaturase
nzyme.11 Previous  studies  revealed  that  altered  levels  of
LA  would  enhance  risk  of  several  human  diseases,  such  as
iabetes,  metabolic  disarrangements,  and  neuropsychiatric
isorders.12 In  addition  to  its  function  in  lipid  metabolism,
LA  also  poses  an  anti-inflammatory  effect,  the  ability  to

epair  the  skin  barrier,  and  the  anti-cancer  effect.  It  was  pre-
iously  reported  that  patients  with  atopic  dermatitis  have
ower  levels  of  GLA.11 Importantly,  A  previous  study  revealed
hat  a  supplement  of  GLA  can  improve  clinical  outcomes  of
osacea,  implicating  the  possible  role  of  GLA  in  rosacea.10

Rosacea  is  a  highly  prevalent  skin  disease  among  adults,
articularly  in  younger  women.3 Despite  the  advances  in

he  field  of  rosacea  over  the  past  decades,  the  mechanisms
f  rosacea  are  still  poorly  understood.  To  our  knowledge,
ew  studies  focus  on  the  relationship  between  the  changes
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19
=  9  for  the  high-level  group;  n  =  62  for  the  correlation  analysis.

n  serum  GLA  levels  and  rosacea.  The  present  results  for
he  first  time  found  that  rosacea  patients  had  lower  lev-
ls  of  serum  GLA.  The  most  common  subtype  of  rosacea
s  ETR,  which  remarkably  features  the  erythema  that  is
ssessed  by  PSA  and  CEA  scales.13 Subgroup  analysis  revealed
hat  patients  with  higher  levels  of  GLA  had  lower  PSA  and
EA  scores  than  those  with  lower-level  GLA.  Also,  it  is
orth  mentioning  that  the  authors  found  serum  GLA  lev-
ls  were  negatively  associated  with  erythema,  the  most
ommon  symptom  of  rosacea.  In  parallel  with  the  present
esults,  a  randomized  clinical  trial  found  the  supplement
f  GLA  can  improve  the  clinical  outcomes  of  rosacea.10

oreover,  the  current  treatment  for  rosacea,  topical  bri-
onidine,  obtains  poor  efficacy.14 To  explore  whether  serum
LA  level  could  influence  the  efficacy  of  topical  brimoni-
ine,  the  authors  also  investigate  the  predictive  value  of
erum  GLA  levels  for  the  prognosis  of  rosacea  using  a  lin-

ar  regression  model.  Mechanically,  the  regression  analysis
dentified  that  GLA  level  is  a  predictive  factor  for  the  prog-
osis  of  rosacea,  with  higher  GLA  levels  accompanied  by

3
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J.  Tang,  M.  Ch

etter  clinical  outcomes.  Taken  together,  the  present  study
nd  others  provided  evidence  that  serum  GLA  levels  are
ssociated  with  the  erythema  status  in  rosacea  patients.
he  mechanism  underlying  the  association  might  be  mul-
ifaceted.  Besides  regulating  lipid  metabolism,  GLA  might
articipate  in  the  pathogenesis  of  rosacea  through  anti-
nflammation  and  restoring  the  skin  barrier,  which  has  been
alidated  by  previous  studies.10,15 In  systemic  inflammation,
LA  has  been  suggested  to  suppress  the  upregulation  of
rostaglandin  E2  which  plays  a  crucial  role  in  advancing
nflammatory  response,16 highlighting  the  potentially  neg-
tive  role  of  GLA  in  systemic  inflammation.

Rosacea  is  also  suggested  to  be  associated  with  psy-
hological  disorders,  especially  anxiety  and  depression.17

ndeed,  the  previous  study  also  demonstrated  that  rosacea
s  influenced  by  anxiety/depression  status,  and  the  inter-
ention  of  anxiety/depression  status  can  strengthen  the
enefits  of  drug  treatment.3 As  mentioned  above,  GLA  is
ssociated  with  the  development  of  rosacea,  whereas  it
emains  unclear  whether  GLA  has  an  association  with  psy-
hological  status.  In  the  present  study,  the  authors  utilized
AD-7  and  PHQ-9  scales  to  evaluate  anxiety  and  depression
tatus,  respectively.  Strikingly,  similar  to  disease  severity,
he  low-level  GLA  group  had  worsened  anxiety/depression
tatus,  which  was  also  correlated  with  GLA  levels.  How-
ver,  further  study  is  required  to  decipher  the  mechanism
nderlying  the  correlations.

The  development  of  rosacea  is  attributed  to  multiple  fac-
ors,  including  abnormal  immune  response,  disrupted  lipid
etabolism,  and  impaired  skin  barrier.18,19 On  the  basis  of

he  multifaced  factors,  several  studies,  including  our  own,
ound  limited  improvements  in  rosacea  patients.3 There-
ore,  targeting  major  shared  signaling  pathways  may  prove
ore  effective  than  targeting  individual  receptors  in  isola-

ion.  As  GLA  is  involved  in  multiple  shared  pathways,  it  might
old  promise  for  treating  rosacea.

onclusion

n  summary,  the  present  study  indicates  that  lower  levels
f  serum  GLA  in  rosacea  patients  are  negatively  associated
ith  erythema  severity  and  anxiety/depression  status.
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