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Abstract

Background : Chronic pain is increased 
prevalence with advancing age but commonly 
underdiagnosed.1 Difficult to communication and 
limited health care accessibility are barriers to 
effective pain management rely on the gold standard 
self-rating pain in the elderly. This study aimed to 
evaluate two potential daily practical objective pain 
marker called Heart Rate Variability (HRV) and Pain 
Assessment in Advance Dementia Scale (PAINAD) 
by corelate with the self-rating pain scale.

Method: The communicable elder collected 
from pain clinic outpatient, nursing home, internal 
medicine and orthopedics inpatient, Visual 
analogue scale and Wong-Baker were use as the 
self-pain assessment. Heart Rate Variability were 
measured by finger pulse device (Corsense©) for 
5 minute, MMSE (dementia defined by MMSE 18 or 
lower), and the phone camera video recorded 
patients for 10 seconds at 1 meter distance for Pain 
Assessment in Advance Dementia Scale (PAINAD) 
by two blinded raters. The video also be kept as 
data repository for the next analysis by computer 
machine learning model.

Result: The 255 patients average age 67.2, 
male 54% , dementia 23.5%, cancer pain 43%, with 
mild : moderate: severe pain 27: 59: 14 by self-rating. 
The correlation of VAS to total PAINAD was 0.61 with 
VAS and 0.34 with WBS. Facial expression, body 
position are sufficient correlation with self-rating 
(r=0.52,0.51 respectively). The subgroup analysis 
found facial expression in dement group is the only 
component correlation to self-pain rating (r=0.60) 
which was close to the correlation of self-pain rating 
and total PAINAD (r=0.59). The predictive corelation 
suggested equivalent cut point for severe pain of 
VAS, WBS and PAINAD as 7, 8 and 5 respectively. 
The finger pulse HRV failed to demonstrated 
correlation with self-pain rating.

Conclusion: Our study showed that the simple 
pain behavior PAINAD has moderate correlation 
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 with self-pain rating (61%). Meanwhile the facial 
expression and position are the most robust 
corelate with self-pain. These especially dominant 
in dement group, facial expression alone may valid 
for objective pain measurement equivalent to total 
score PAINAD. This encourage the possibility of 
computer vision system as pain monitoring artificial 
intelligence in dementia patients.

Keywords: PAINAD, HRV, VAS, correlation, 
elderly, dementia

Introduction 

Pain is increasing prevalence in advance age 
but there are also several report of problem from 
inadequate pain recognition in elderly. The major 
barrier of pain assessment in this population is the 
time consuming to obtain pain information. This 
especially remarkable for elder with cognitive 
impairment. Although the subjective self-reported 
by patients is the gold standard for measure pain, 
it is highly vulnerable to impaired by cognitive 
deficit. Some guideline proposed the ‘triangulation’ 
the self-pain rating by one or more objective 
measurements may provide more accurate pain 
severity and therefore appropriate pain controlled. 
The objective pain measurements is also capable 
to integrated in telemedicine or smart home system.

Many robust objective pain measurement 
candidates such as accelerometry based activity, 
Electroencephalogram skin conductance, functional 
MRI etc.2 However, most of them are suitable for a 
research study rather than using in everyday life. 
There are two method that may be feasible in clinical 
use. The first method is Pain Assessment In Advanced 
Dementia (PAINAD)3 a composite pain behavior 
score which including 1) breathing independent of 
vocalization, 2) negative vocalization, 3) facial 
expression, 4) body language and 5) consolability.

Another tool is the Heart Rate Variability (HRV). 
The previous studies show increasing HRV (high LF 
or low HF) may associate with stress, pain or mental 
frustration4. Some study shows higher duration of 

chronicity related to reduction of LF component while 
higher seriousness of pain decrease HF component.5 

Anyway, these studies heavily based on 
western people. Since there was study showed 
ethnic and cultural6 may effect pain expression as well 
as physiologic response to pain. The primary aim of this 
study was to identify the correlation of the self-rating 
score as the visual analogue scale (VAS) and Wong 
Baker Facial Pain Scale (WBS) to the objective 
measurement HRV and PAINAD. The secondary aim 
was to compare the different of pain characteristics 
between elder with and without dementia.

Methods

Study design
This was a prospective, observational study 

designed to correlate the self-rating pain score 
(WBS to VAS) and objective pain score (HRV and 
PAINAD). The research project was approved by 
the university’s Institutional Review Board (CMU IRB 
no 05429) and consent to participate was obtained 
from patient themselves or the family care giver.

Study population
The consecutive cases collection from pain 

clinic, internal medicine ward, orthopedic ward and 
nursing home institute of Chiang Mai university 
hospital. Inclusion criteria included: 1) age more 
than 55 years old, 2) has history of chronic pain and 
3) able to communicate in Thai language.

Instruments

We apply a photoplethysmography (PPG) based 
HRV. It is an optical technique that detects blood 
volume changes in the microvascular bed of tissue 
under the skin surface.7 We adopted Elite © HRV, 
a commercially available mobile app, to an established 
software program for ECG analysis. This tool have 
been studied showed having a high correlation 
between PPG and ECG for HRV at rest in healthy adult.2

The PAINAD criteria based on the original 
article3 data from medical records of 25 residents 
who were receiving pain medications as required 
(PRN. It was rated by two independent raters; one 
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is a lay person who was trained for using the 
PAINAD and another is a neurologist. Both of them 
were blinded from self-rating score. The Cohen’s 
kappa interrater correlation was 0.752. If the 
PAINAD scores were different between two raters, 
the consensus rating was generated. 

Procedure

Research assistants who were trained using 
HRV device and PAINAD rating were available to 
enroll participants on weekdays between the hours 
of 9 AM and 4 PM. The data collection form 
consisted of demographic questions, pain site and 
characteristics, visual analogue scale and 
Wong-Baker were use as the self-pain assessment. 
Heart Rate Variability were measured by finger pulse 
device (Corsense©) for 5 minute, MMSE (Dementia 
defined by MMSE 18 or lower), and the phone 
camera video recorded patients for 10 seconds at 
1 meter distance for Pain Assessment in Advance 
Dementia Scale (PAINAD) by two blinded raters. 
The video also be kept as data repository for the 
next analysis by computer machine learning model.

Statistical analysis

The sample size calculation of the correlation. 
We defined the significant correlation coefficient as 
moderate (r=0.5). At the 95% confidence and 80% 
power we need at least 29 patients for each subgroup 
analysis.8 The data were entered into R studio. Since 
pain rating score are ordinal scale, Spearman’s 
correlation (q) was used to measure agreement 
between the scores. We interpreted the effect size of 
correlation coefficient as the following, 90 to 1.00 = very 
high correlation, 70 to .90 = high correlation, .50 to 
.70 = moderate correlation .30 to .50 = low correlation 
and 00 to .30 = negligible correlation.9 The subgroup 
analysis specify to dementia group was determined.

Results 

Demographic data
A total of 255 Thai communicable elder 

participants were assessed. Among this diagnosed 

dementia 60 patients (23%), cancer 47.1%. The 
mean age was 67.72 years (SD 10.93, range 60-93). 
About half (55%) of the patients were male, the 
patient with low than standard education level 10%, 
nearly all were Buddhism (98%). The patient with 
bed-bounded status 10%. The detai ls  of 
demographic data showed in Table 1

Table 1 Demographic data (N=255)

Characteristic  n
Age (mean (SD))  67.72 (10.39)
Sex; Male (%)  140 (54.9) 
Education (%)

No or less than 4 years  27 (10.8) 
Less than college degree  112 (45.0) 
College degree or above  110 (44.2) 

Religious (%)
Buddhism  250 (98.0) 
Christian  2 (0.8) 
Islam  3 (1.2) 

Physical status (%) 
Walking  162 (63.5) 
Wheelchair  66 (25.9) 
Bed bounded  27 (10.6) 

Cancer (%)  114 (47.1) 
Diabetes (%)  54 (21.5) 
Depression (%)  31 (12.4) 
Dementia (%)  60 (23.5) 
MMSE score (%)

0-10  17 (6.9) 
10-18  37 (15.0) 
18-25  101 (41.1) 
25-30  91 (37.0) 

When we compare pain characteristic between 
elder without and with dementia as in Table 2.

Both groups showed the same proportion of 
pain severity; mild: moderate: severe in about 3:5:2. 
However, when rating by the pain behavior score-
PAINAD we found the proportion of more moderate 
pain in dementia comparing elder without dementia 
(31.7 vs 14.9% p 0.01). The moderate pain rated by 
respiration component (15 vs 2.1% p<0.01). Both 
groups showed back was the most common site of 
pain (33.8 vs 23.3%) while chest pain was lower (14.9 
vs 1.7) reported in dementia participants. Lancinating 
pain is the most common described pain quality in 
elder without dementia (40.2%) and throbbing pain 
for dement elder (31.6%). There was no significant 
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different for each HRV component. In our population 
study, mean RR interval was 737.4 (SD 127.9), mean 
rMSSD was 52.12 (SD 56.57), mean SDNN 52.12 (SD 
67.46), mean LF was 3184 (SD 9523.2), mean HF 
1731.74 (7399.20) and LF/HF was 3.05 (SD 15.42).

Correlation between self-pain rating and Heart 
Rate Variability

The overall population analysis showed 
negligible correlation. For example (r=0.12 in 
nondemented and 0.22 in dement group) and negative 
correlation between LF (r= -0.13 in nondemented 
and -0.23 in dement group) to either VAS or WBS. 
The matrix of correlation was demonstrated in Figure 1.

Correlation between self-pain rating and pain 
behaviors listed in PAINAD

The overall population analysis showed total 
PAINAD correlation had moderate correlation with 
the self-pain rating (0.61 with VAS and 0.64 with 
WBS). Facial expression, body position are sufficient 
correlation with self-rating (r=0.52,0.51respectively). 
The subgroup analysis found facial expression in 
dement group is the only component correlation to 
self-pain rating (r=0.60) which was close to the 
correlation of self-pain rating and total PAINAD 
(r=0.59) The correlation showed in figure 2.

Table 2 Comparing pain severity, site and quality and Heart Rate Variability component between elder with 

and without dementia
No dementia Dementia P-value

Number 195 60
Pain severity by VAS (%)   0.224

mild  47 (25.7)  16 (29.6) 
moderate  113 (61.7)  27 (50.0) 
severe  23 (12.6)  11 (20.4) 

Pain severity by PAINAD (%)   0.009*
mild  165 (84.6)  40 (66.7) 
moderate  29 (14.9)  19 (31.7) 
severe  1 (0.5)  1 (1.7) 

PAINAD_respiration (%)   <0.001*
0  190 (97.4)  50 (83.3) 
1  4 (2.1)  9 (15.0) 
2  1 (0.5)  1 (1.7) 

PAINAD_screaming (%)   0.675
0  184 (94.4)  56 (93.3) 
1  10 (5.1)  3 (5.0) 
2  1 (0.5)  1 (1.7) 

PAINAD_facial expression (%)   0.023*
0  39 (20.0)  4 (6.7) 
1  129 (66.2)  42 (70.0) 
2  27 (13.8)  14 (23.3) 

PAINAD_body position (%)   0.071
0  68 (34.9)  13 (21.7) 
1  122 (62.6)  43 (71.7) 
2  5 (2.6)  4 (6.7) 

Site of pain
Head (%)  10 (5.1)  6 (10.0) 0.291
Face (%)  9 (4.6)  5 (8.3) 0.434
Chest (%)  29 (14.9)  1 (1.7) 0.011*
Abdomen (%)  34 (17.4)  10 (16.7) 1.00
Back (%)  66 (33.8)  14 (23.3) 0.169
Hip (%)  10 (5.1)  1 (1.7) 0.429
knee (%)  21 (10.8)  10 (16.7) 0.319
Foot (%)  21 (10.8)  3 (5.0) 0.278
Quality of pain
Burning (%)  48 (24.7)  13 (22.8) 0.901
Troubling (%)  55 (28.4)  18 (31.6) 0.76
Lancinating (%)  98 (40.2)  14 (24.6) 0.046*
Dull (%)  16 (8.2)  2 (3.5) 0.354
Sore (%)  26 (13.4)  14 (24.6) 0.069
Spastic (%)  44 (22.7)  8 (14.0) 0.219
Paresthesia (%)  15 (7.7)  4 (7.0) 1.00
Heart Rate Variability
rMSSD(ms) (mean (SD))  52.12 (56.57)  44.38 (40.24) 0.325
LF/HF ratio (mean (SD))  3.05 (15.42)  1.38 (1.49) 0.403
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Fig 1a Overall group

Fig 1b Subgroup analysis in only dementia group

Figure 1 The correlation of self-pain rating (VAS and WBS) and Heart Rate Variability (HRV) component
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Fig 2a Overall group

Fig 2b Subgroup analysis in only dementia group

Figure 2 The correlation of self-pain rating (VAS and WBS) and Pain Assesment in Dementia score (PAINAD) 

component
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Discussion

The primary aim of this study was to identify 
the correlation of the self-rating score as VAS and 

WBS to the objective measurement HRV and 
PAINAD. The secondary aim was to compare the 
different of pain characteristics between elder with 
and without dementia.

In our study, the finger PSG-HRV measurement 
failed to prove the correlation with self-pain rating. 
This result needs to keep caveated that the 

accuracy of finger pulse may be far from the 
standard 12 lead EKGs. From our experience the 
blue tooth needed to connect sensor from finger 
pulse to mobile application frequently interrupted 
by another user mobile. In addition, the skin texture 
of sick elder may be another factor interfere PPG 
signals. Therefore, we could not imply that HRV is 
not correlate with self-pain rating but the feasibility 
in clinical use is very challenging.

Our data showed great correlation between the 
two self-rating score the VAS and WBS. The total 

Pain severity VAS WBS PAINAD
Mild 0-3 0-2 0-1

Moderate 4-6 4-6 2-4
Severe 7-10 8-10 5-10

Figure 3 The predictive correlation and suggestive equivalent pain score between VAS, WBS and PAINAD
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PAINAD score was moderate correlation with these 
self-rating. Each pain behavior component 
contributes of PAINAD differently. We found facial 
expression and position were the strongest 
contributors. In the other hand, respiration and 
screaming were not common pain expression. It is 
interesting that dement patient has stronger correlation 
of facial expression to the VAS more than non-dement. 
 Our study’s strength was, as we known, the first 
study systematically finding equivalent pain severity 
of the proxy rating - PAINAD and self rating VAS 
and WBS. The predictive correlation suggested that 
PAINAD score 0-10 was not compatible with  self 
rating score as VAS or WBS in linear representation. 
Our analysis showed cut point 5 of PAINAD for 
severe pain, however, it is possible for severe pain 
in PAINAD as low as 2. This finding was consistent 
with the previous reported that PAINAD score cut 
off point 2-3 was suitable to use as a binary meaning 
whether pain or no pain.10 

The major limitation of our study was the 
reliability of ‘gold standard’ self-rating from dement 
patient. It was hardly determined if the patient 
cognitive decline influence the validity of self-pain 
rating. We could not use HRV as a triangulation 
evidence since HRV itself was not correlate with 
VAS. However, we try our best by exclude the 
patients who has disorder of consciousness or 
obvious unable to communicate. In addition, some 
patient who has caregiver we also ask their opinion 
if what patient rate was acceptable validity. 

Conclusions 

Our study showed that the simple pain 
behavior PAINAD has moderate correlation with 
self-pain rating (61%). Meanwhile, the facial 
expression and position are the most robust 
corelate with self-pain. These especially dominant 
in dement group, facial expression alone may valid 
for objective pain measurement equivalent to total 
score PAINAD. This encourage the possibility of 

computer vision system as pain monitoring artificial 
intelligence in dementia patients.
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