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PPGAI index as  a
photoplethysmographic biomarker
for type 2  diabetes mellitus

Índice  PPGAI como Biomarcador
Fotopletismográfico  para la  diabetes  tipo 2

Photoplethysmogram  (PPG) signal  is  a  non-invasive  optical
measurement  of  changes  to  tissue  blood  volume,  com-
monly  acquired  at the fingertip,  wrist,  or  earlobe  using
a  light  source and  photodetector.1 PPG  provides  valuable
insights into  vascular  dynamics  and  peripheral  perfusion,
facilitating  assessment  of  cardiovascular  parameters  such  as
heart  rate,  respiratory  rate,  oxygen  saturation,  and  blood
pressure  (BP).1,2 Recent  advances  in processing  PPG  sig-
nals  have  also  introduced  algorithms  that  compute  new
indexes  for  non-invasive  aortic  stiffness  assessment----a  crit-
ical  cardiovascular  risk  indicator  influenced  by  various
factors----including  type 2  diabetes  mellitus  (T2DM)  and
hypertension.2,3 Among  these,  the photoplethysmographic
signal  augmentation  index  (PPGAI)  represents  the ratio  of
the  ‘‘AD’’  and ‘‘AB’’  features,  showing  the normalized
amplitudes  of  the  finger  PPG  waveform  at  specific inflection
points  before  and after  the peak  maximum,  correspond-
ing  to  the  2nd and 1st valleys  of  the 2nd  derivative  signal,
respectively.  Interestingly,  beyond  providing  information  on
aortic  stiffness,  the  PPGAI  seems  to  be  typically  higher  in
individuals  with  T2DM  vs  age-matched  healthy  individuals.3

However,  this  insight  is  based  on  a limited  analysis,  suggest-
ing  a  higher  PPGAI  trend  over aging  in  individuals  with  T2DM
without  comprehensive  group  comparisons.3 More  impor-
tantly,  there  is  a lack  of  information  on  the  influence  of  BP,
which  may  be  the  actual  factor  driving  changes  in the PPG
profile  rather  than  a  T2DM-specific  effect.2,4 Indeed,  individ-
uals  with  T2DM  often  experience  concurrent  hypertension.
To  address  these  issues,  this study  aims  to  verify  whether
the  PPGAI  differs  significantly  between  age-matched  indi-
viduals  with  T2DM  and  healthy  controls,  irrespective  of  BP
variations,  through  formal  statistical  analysis  on  a  new,  inde-
pendent  dataset.

This  objective  was  pursued  by reprocessing  a pub-
licly  available  dataset----detailed  in the  reference
paper5----comprising  biodata,  raw  PPG  signals,  and  BP
scores  from  219  individuals  with  and  without  T2DM. To
minimize  confounding  related  to  the  limited  number  of

young  individuals  with  T2DM,  we  focused  on  subjects
aged  40  and  older,  resulting  in a subgroup  of  155  healthy
individuals  (76  men  and  79  women)  and  36  individuals  (18
men  and  18  women)  diagnosed  with  T2DM  (age,  40---86
years;  height,  145---187  cm;  weight,  36---90  kg;  systolic  BP,
90---182  mmHg;  diastolic  BP,  62---107  mmHg;  heart  rate,
52---106  bpm;  body mass  index,  14.7---37.5  kg/m2).  Subgroup
included  normotensive  (50  healthy,  9 T2DM),  prehyper-
tensive  (60  healthy,  18 T2DM),  stage  1  hypertensive  (28
healthy,  6  T2DM),  and  stage  2 hypertensive  (17 healthy,  3
T2DM) participants.

The  dataset  included  3  resting  PPG  recordings,  each
approximately  2 s  long.5 An  R-based  script6 isolated  individ-
ual  PPG  waveform  cycles,  normalized  each cycle  amplitude
(0---100),  resampled  to  1000  data  points,  and averaged  them,
forming  a representative  PPG  waveform  for each subject.
‘‘AB’’  and ‘‘AD’’  features  were,  therefore,  estimated  fol-
lowed  by  computing  the  PPGAI  as  previously  described.3

We  statistically  compared  the PPGAI,  AB,  and AD  indices
with  and  without  normalization  for mean  BP, between
healthy  individuals  and individuals  with  T2DM  using analy-
sis  of  covariance  with  age  as  a  covariate.  Additionally,  we
plotted  the  PPGAI  in both  groups  across  age and compared
regression  line  slopes  and  intercepts.

As  shown  in Fig.  1,  the  PPGAI  was  higher  (p < 0.02)  in  indi-
viduals  with  T2DM  vs  healthy  subjects  considering  age as  a
covariant,  both before and  after normalization  for  mean  BP,
although  no  differences  (p  >  0.23)  were  observed  in  the AB
and  AD  indices.  The  PPGAI  tended  to  be higher  in  individ-
uals  with  T2DM  vs  healthy  individuals  throughout  life,  even
after  normalization  for  mean  BP. Indeed,  while  the  slopes  of
the  2  regression  lines  were  similar  (p  >  0.66),  the intercept
value  was  higher  for individuals  with  T2DM  vs  their  healthy
counterparts  (p  < 0.001).

These  results  show that  the PPGAI  could  be an  easily  iden-
tifiable  biomarker  for  T2DM,  forming  the  basis  for  developing
a  screening  tool  that  leverages  simple  and  cost-effective
technology  and  PPG  signal  processing.  Indeed,  individuals
diagnosed  with  T2DM  consistently  show  higher  PPGAIs  vs
age-matched  healthy  counterparts,  regardless  of  BP values.
This  suggests  specific  vascular  changes  likely  associated  with
T2DM-induced  chronic  vascular  remodeling,  as  described
previously,3,7---9 influencing  specific  points  on  the PPG  wave-
form  and  extending  beyond  the effects  of  hypertension.

These  conclusions  stem  from  statistical  comparisons
between  healthy  individuals  and  those  already  diagnosed
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Figure  1  Panel  A shows  the  values  of PPGAI,  AB,  and  AD  indices  in healthy  (H)  and  type  2 diabetes  mellitus  (T2DM)  participants.

The p-value  for  the  comparison  using  age as  a  covariate  is indicated  before  and  after  (in  parentheses)  normalizing  the  indices  for

mean blood  pressure.  Panel  B shows  the  scatter  plot  (healthy  individuals:  white  dots  and  solid  regression  line;  type  2  diabetes

mellitus: black  dots  and  dashed  regression  line)  of  PPGAI  and  PPGAI  normalized  for  mean  blood  pressure  across  age.

with  T2DM.  However,  they  are constrained  by  the  absence
of  data  on  the  duration  of  T2DM  at the  time  of measure-
ment,  which  limits  the  ability  to  assess  the time  required
for  PPG  profile  changes  to  show.  Nevertheless,  these  find-
ings are  significant  due  to  the current  lack  of established
biomarkers  in  PPG  for  detecting  T2DM  and  identifying  spe-
cific  points  sensitive  to  the condition.  In  this context,  a
critical  issue  is  the delayed  awareness  of  T2DM  onset,  often
occurring  years  after  the disease  actual  onset.  It has  been
reported  that  T2DM  diagnosis frequently  occurs  more  than
5 years  after  onset,  often  coinciding  with  the  manifestation
of  T2DM-related  complications  such  as  retinopathy-induced
vision  impairment.10 Therefore,  although  early  detection
of T2DM  is ideal,  delayed  detection  is  likewise  valuable,
as  individuals  often  remain unaware  of  their  condition  for
extended  periods.  These  outcomes  underscore  the  poten-
tial  for  developing  a  subsequent  T2DM  screening  technology,
possibly  integrated  into  wearable  devices  including  smart-
watches  and  smartphones  processing  PPG  signals.2 These
technologies  could  monitor  PPGAI  in real-time  and  longitudi-
nally,  capturing  data  on  a metric  sensitive  to  T2DM,  and  use

it  as  an  input  into  a categorization  model  to screen  for  T2DM.
Nevertheless,  comprehensive  data  collection  is  essential  to
refine  a final  and  functional  screening  algorithm.

Funding

None  declared.

Conflicts  of  interest

None  declared.

Data availability

The  project  reprocesses  a publicly  available  dataset  whose
source  is  cited  in the text.

2



Endocrinología,  Diabetes  y Nutrición  72  (2025)  101521

References

1. Castaneda D, Esparza A, Ghamari M, Soltanpur C, Naz-

eran H.  A  review on wearable photoplethysmography sen-

sors and their potential future applications in health

care. Int J Biosens Bioelectron. 2018;4:195, http://dx.doi.

org/10.15406/IJBSBE.2018.04.00125.

2. Gentilin A,  Tarperi C, Cevese A, Mattioli AV, Schena F. Esti-

mation of  carotid-femoral pulse wave velocity from finger

photoplethysmography signal. Physiol Meas. 2022;43:075011,

http://dx.doi.org/10.1088/1361-6579/AC7A8E.

3. Pilt K, Meigas K, Ferenets R, Temitski K, Viigimaa M.  Pho-

toplethysmographic signal waveform index for detection of

increased arterial stiffness. Physiol Meas. 2014;35:2027---36,

http://dx.doi.org/10.1088/0967-3334/35/10/2027.

4. Martinez-Ríos E, Montesinos L,  Alfaro-Ponce M. A machine learn-

ing approach for hypertension detection based on  photoplethys-

mography and clinical data. Comput Biol Med. 2022;145:105479,

http://dx.doi.org/10.1016/J.COMPBIOMED.2022.105479.

5. Liang Y, Chen Z, Liu G, Elgendi M. A new, short-recorded photo-

plethysmogram dataset for blood pressure monitoring in China.

Sci Data. 2018:5, http://dx.doi.org/10.1038/SDATA. 2018.20.

6. Hackenberger BK. R  software: unfriendly but proba-

bly the best. Croat Med J.  2020;61:66, http://dx.doi.

org/10.3325/CMJ.2020.61.66.

7. Gentilin A, Moghetti P, Cevese A, Mattioli AV, Schena

F, Tarperi C. Circadian variations in sympathetic vaso-

constriction in older adults with and without type 2

diabetes. High blood Press Cardiovasc Prev. 2023;30:55---62,

http://dx.doi.org/10.1007/S40292-022-00557-Y.

8. Schofield I,  Malik R, Izzard A,  Austin C, Heagerty A. Vas-

cular structural and functional changes in type 2 diabetes

mellitus: evidence for the roles of  abnormal myogenic respon-

siveness and dyslipidemia. Circulation. 2002;106:3037---43,

http://dx.doi.org/10.1161/01.CIR.0000041432.80615.A5.

9. Blum A,  Socea D, Sirchan R. Vascular responsiveness in

type 2 diabetes mellitus (T2DM). QJM. 2016;109:791---6,

http://dx.doi.org/10.1093/qjmed/hcw081.

10. Gange WS, Lopez J, Xu BY, Lung K, Seabury SA, Toy

BC. Incidence of  proliferative diabetic retinopathy and

other neovascular sequelae at 5 years following diag-

nosis of type 2  diabetes. Diabetes Care. 2021;44:2518,

http://dx.doi.org/10.2337/DC21-0228.

Alessandro  Gentilin a,∗,  Antonio  Ceveseb,c

a Independent  Researcher,  Vicenza  Italy
b Department  of  Neuroscience,  Biomedicine,  and

Movement  Sciences,  University  of Verona, Verona,  Italy
c Italian  Institute  for  Cardiovascular  Research  (INRC),

Bologna,  Italy

∗ Corresponding  author.
E-mail  address:  alegentilin@libero.it  (A.  Gentilin).

3

dx.doi.org/10.15406/IJBSBE.2018.04.00125
dx.doi.org/10.15406/IJBSBE.2018.04.00125
dx.doi.org/10.1088/1361-6579/AC7A8E
dx.doi.org/10.1088/0967-3334/35/10/2027
dx.doi.org/10.1016/J.COMPBIOMED.2022.105479
dx.doi.org/10.1038/SDATA. 2018.20
dx.doi.org/10.3325/CMJ.2020.61.66
dx.doi.org/10.3325/CMJ.2020.61.66
dx.doi.org/10.1007/S40292-022-00557-Y
dx.doi.org/10.1161/01.CIR.0000041432.80615.A5
dx.doi.org/10.1093/qjmed/hcw081
dx.doi.org/10.2337/DC21-0228
mailto:alegentilin@libero.it

	PPGAI index as a photoplethysmographic biomarker for type 2 diabetes mellitus
	Funding
	Conflicts of interest
	Data availability

	References

