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Introduction
Diabetes mellitus is a group of metabolic diseases 
characterized by chronic hyperglycemia produced by 
defective insulin secretion from the pancreas, defects 
in the insulin action, or both. Diabetes is growing at an 
alarming rate in India.1,2 According to International 
Diabetes Federation, globally 352 million people suffer 
from impaired glucose tolerance and India had 77 million 
people with diabetes. Ageing populations, dietary changes, 
increasing urbanization and reduced physical activity are 
the common reasons for increasing burden. The chronic 
hyperglycemia of diabetes is associated with long-term 
target organ damages, dysfunction, and failure of multiple 
organs, especially the kidneys, eyes, heart, nerves, and 
blood vessels.3,4 

Capillary blood glucose monitoring gives the average 
blood glucose value in routine hospital care of diabetic 

patients and quick assessment of blood sugar in emergency 
cases and self- home monitoring which helps in regulation 
of diet and identification of dangerous blood sugar levels 
and related emergencies.5

Traditionally the samples for capillary blood sugar 
monitoring have been obtained from fingers by using 
needles and lancets to puncture their fingertip.6 but this 
can be a painful procedure and may be a barrier to repeated 
testing. In the last several years, it is been possible to obtain 
samples from other skin sites other than fingertips such 
as palm, forearm, abdomen, thigh etc. using a lancing 
device. These areas are less vascular and also less densely 
innervated with pain receptors than the fingertips.7 As 
it is less painful, alternate site sampling also improves 
the patients’ adherence to the self-monitoring of blood 
glucose. Inadequate knowledge regarding this method 
makes it less popular and not been practiced at clinical 
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Abstract
Introduction: Glycaemic status of the patient is often monitored using capillary blood glucose 
test which is fairly accurate. Traditional finger stick sampling is done to obtain sample, which 
can be painful and may be a barrier for repeated testing. The current study was conducted to 
compare fingertip and palm site sampling on pain perception, and variation in capillary blood 
glucose level. 
Methods: This study was conducted among 284 diabetic patients, who were selected by 
convenience sampling method. The data was collected by measuring capillary blood glucose 
levels from fingertip and palm site of the left hand at an interval of 10 minutes using a standard 
glucometer. The level of pain perceptions was measured with a numerical rating pain scale. 
Data analysis was accomplished using descriptive analysis, Mann-Whitney U test and Kruskal-
Wallis test. 
Results: The level of pain perception at the palm site (2) was lesser than fingertip (3) which was 
significant at P < 0.001. 223 (78.52%) of the participants experienced more pain at fingertip 
than palm site, the difference in the measured capillary blood glucose level between fingertip 
[mean (SD): 226.65 (87.86)] and palm site [mean (SD): 225.65(92.13)] was minimum. The 
agreement of palm site was 90.7% in single measurement and 95.1% in average measurement.
Conclusion: The present study concludes that, majority of the participants experienced less pain 
perception at the palm site sampling (alternate site sampling) than fingertip sampling with very 
minimal variation in the blood glucose level.
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setup and during self-monitoring of blood glucose.8,9

Although testing at alternate body sites has many 
advantages (e.g., less pain, sparing of fingertips), 
acceptance of the alternate site testing ultimately depends 
on how accurately glucose levels of alternate sites reflect 
one’s glycemic state. Several recent publications have 
spoken this issue, but questions on glucose equivalence still 
remain. Most of the health care professionals and patients 
are not introduced to alternate site which is relatively less 
painful, easy to collect the adequate volume of sample, 
easy to control the bleeding. Compared to fingertip with 
alternate sites, fingertips are more interfering area when 
working.10,11

If we use alternate site sampling using a lancing device 
will reduce level of pain, provide adequate volume of 
sample, easy to control the bleeding and these sites will not 
interfere with the normal daily activities of the patients.12 
Though the alternative site sampling reduces pain 
perception, its impact on estimated difference in blood 
glucose level in published studies is inconclusive.3,8,11,12 
Further establishing data on this would help to reduce 
the cumulative discomfort from multiple finger sticks. 
Hence this study was conducted to assess the level of pain 
perception, and Blood glucose variability in both fingertip 
and palm site sampling.

Materials and Methods 
Single group of study subjects, with two time measurement 
of capillary blood glucose at different sites at 10 minutes 
interval at random sequence, was participated. This study 
was conducted with the objective to compare the level 
of pain perception in fingertip vs palm site in capillary 
blood glucose sampling (Figures 1 and 2) and to assess the 
variation in capillary blood glucose level at both sites. The 
study was conducted in diabetic clinic of a tertiary care 
center under government of India during August 2019 to 
February 2020. As palm of the hand has shown to be more 
accurate and less painful in previous studies, palm site has 
chosen for this study.

The capillary blood glucose level is used as a parameter 
for calculating sample size based the pilot study finding 
using paired t test with the mean and standard deviation 
of fingertip vs palm site as 244.8 (65.86) and 238.2 (78.4) 
with a maximum allowed difference 12 and with a level 
of significance of 0.05 and power of 0.80 we require 284 
participants for this study(since the sample size calculated 
based on the pain perception difference was minimal, the 
sample size calculated based on capillary blood glucose 
level was adopted). 

Patients diagnosed with diabetes mellitus who are 
aged ≥18 years, attending diabetes clinic of a tertiary 
care center were included in the study. Patient with any 
wound or altered skin integrity in hands, patients with 
peripheral neuropathy were excluded from the study. 
Consecutive participants, who attended diabetic clinic 
and met the inclusion criteria were recruited into the 

study by convenience sampling method by the principal 
investigator.

The participant data sheet consists of first part which 
included Socio demographic profile section, and second 
part of which included clinical data section with the  
details on  participants  height, weight, body mass index 
(BMI), hemoglobin (Hb)level, glycosylated hemoglobin 
level (HbA1C), and blood glucose level from fingertip and 
palm site, type of diabetes mellitus, duration of diabetes 
mellitus, medication details, practice of self-monitoring 
of blood sugar at home and its frequency, presence of 
co-morbidities. The third part contains, intensity of pain 
measured using a numerical pain scale from fingertip 
sampling and palm site sampling. The numerical pain 
rating scale (NPRS) is a unidimensional estimation of 
pain intensity in adults. The scale is a segmented numeric 
type of the visual analogue scale (VAS) in which a 
respondent selects a whole number (0–10 integers) that 
best reflects the intensity of his/her pain. The used format 
is a horizontal line anchored by terms describing pain 
severity extremes like mild pain (0-3), moderate pain (4-
6), and severe pain (7-10).

The investigator self-introduced to the study participants 
and rapport was established. The purpose of the study was 
explained to them and assurance was given to participants 
regarding the strict confidentiality of the information 
gathered. After obtaining the written informed consent 

Figure 1. Fingertip. 

Figure 2. Palm site sampling.
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from the participants, the investigator collected data 
through the self-structured data collection perform. 
After obtaining data on clinical and socio demographic 
parameters, the patients’ left hand was washed with 
lukewarm water and dried thoroughly for capillary 
blood glucose sampling. The sample was obtained by the 
Principal Investigator with the help of a lancing device, 
from fingertip and palm site at a 10 minutes interval and 
capillary blood glucose using standardized, calibrated 
Control D glucometer. The random sequence method 
was adopted to get sample either from fingertip or palm 
site first. The palm site was massaged for 10 seconds to 
improve the blood circulation before taking the sample 
from the palm site. Blood glucose at both the sites was 
recorded and difference was noted. With the help of the 
numerical rating scale, pain perception was assessed for 
both the site sampling of capillary blood glucose. 

Content validity of the participant data sheet was 
established with medical and nursing experts, and 
consensus on the measurement parameters was 
established with content validity index of 0.8. About 
the numerical rating scale for pain measurement, its 
Test–retest reliability has been shown to be good, 
but higher among literate (r= 0.94, P = 0.001) than 
illiterate patients (r = 0.71, P = 0.001). In the absence 
of a gold standard for pain, criterion validity cannot be 
evaluated. For construct validity, numeric rating scale 
has shown co-relation (with response options from “no 
pain” to “unbearable pain”), as 0.62–0.91. 

Results
Among 284 participants, 49.6% of the patients were 
between the age group of 40–60 years. About 54.9% of 
the patients were males. About 77.1% of the patients’ 
educational qualification was ≤10th standard or 
secondary school leaving certificate (SSLC). About 
47.5% of the patients belong to the occupational group 
of clerical/shop/agriculture and 39.4% of the patients 
were unemployed. Forty-four percent of the patients 
were overweighed and 6% were obese. About 97.2% 
of the patients were diagnosed with type II diabetes, 
48.6% of them were having diabetes mellitus for more 
than 5 years and 57.75 % of them were getting oral 
hypoglycemic agents only (Table 1).

The level of pain experienced by the participants at the 
palm site (median=2) was lesser than that of fingertip 
(median=3), which was highly significant at P < 0.001 
(Table 2). When we compared the pain perception at 
fingertip and palm, 78.52% of participants experienced 
more pain at fingertip than palm site. About 28 (9.86%) 
of the participants experienced more pain at palm 
site than fingertip and 33 (11.62%) of the participants 
experienced equal score of pain at fingertip and palm 
site (Figure 3).  Among 13 participants, who were 
practicing self-monitoring of blood glucose at home, 
experienced the pain score of 3 (minimum value-2, 

Table 1. Frequency distribution of socio-demographic and clinical data 
(N=284)   

Variable  Group No. (%)  

Age (years)

<40 15 (5.3) 

40-60 141 (49.6) 

>60 128 (45.1)  

Gender
Male 156 (54.9)

Female 128 (45.1)

Education  

≤SSLC 219 (77.1)

PUC/Diploma 43 (15.1)

Graduate 19 (6.7)

Post graduate 3 (1.1)

BMI

Under weighed 8 (2.8)

Normal 134 (47.2)

Over weighed 125 (44.0) 

Obese 17 (6.0)  

Type of DM  
Type I 8 (2.8)  

Type II 276 (97.2) 

Duration of DM

<5 years 84 (29.6)

5-15 years 138 (48.6)

>15 years 62 (21.8)

Use of insulin (with 
insulin syringe)

No 165 (58.1)  

Yes 119 (41.9)  

Practice of self-
monitoring of 
blood glucose at 
home  

No 271 (95.4) 

Yes 13 (4.6)  

Use of medication

Oral Hypoglycemic agents (OHA) 164 (57.75)

Insulin 29 (10.21)

OHA + Insulin 91 (32.04)

Use of oral 
hypoglycaemic agent

Metformin 164 (64.31)

Metformin + Glimepiride 81 (31.77)

Metformin + Glibenclamide 10 (3.92)

Use of insulin

Human actrapid 12 (9.92)

Human mixtard 85 (70.25)

NPH 15 (12.4)

Human actrapid + Human mixtard 5 (4.13)

Human actrapid+ NPH 3 (2.48)

Human mixtard+ NPH 1 (0.82)

Presence of 
comorbidities

Chronic inflammatory 
demyelinating polyneuropathy

1(0.73)

Hypertension 72 (52.17)

Hypertension + CAD (coronary 
artery  disease)

3 (2.17)

Hypertension + 
Hypercholesterolemia

52 (37.68)

Hyperthyroidism 1 (0.73)

Hypertension + Hyperthyroidism 2 (1.45)

Hypercholesterolemia 1 (0.73)

Hypertension + 
Hypercholesterolemia + CAD

6 (4.34)

Complications

Transient ischemic attack 1(6.25)

Stroke 4(25)

Diabetic foot 4(25)

Gestational Diabetes Mellitus 4(25)

Acute renal failure 1(6.25)

Chronic kidney disease 2(12.5)

Hemoglobin level a 12.87(1.02)

HbA1C level a 11.56(6.55)
 a Mean (SD) was reported
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maximum value-7) at the fingertip compared to pain 
score of 2 (minimum value-0, maximum value-4) when 
it was checked at palm site which was statistically 
significant at P < 0.05.

The capillary blood sugar level of fingertip and palm 
site was 226.08 (87.86) and 225.65 (92.13) respectively. 
The difference was 0.43 (P < 0.08) and non-significant. 
The intra-class correlation shows that the agreement 
between fingertip and palm site was 90.7% in a single 
measurement and 95.1% in average measurement 
(Table 3).

The correlation between pain perception at fingertip 
and duration of diabetes mellitus is negative (r = -0.197) 
which was statistically significant at P < 0.05. The 
patients experienced less pain level at fingertip when 
the duration of the diabetes mellitus increases. There is 
a negative correlation between the pain perceptions at 
palm site with the duration of diabetes mellitus but it is 
not statistically significant. Overall there is a reduction 
in the pain perception at both the sites (Table 4).

Discussion
The current study showed that the median value of the 
level of pain perception at the palm site was lesser than 
fingertip which was statistically significant at P < 0.001. 
Similar findings were reported by Fineberg et al.,12 showed 
that 60% of the patients reported that alternate site testing 
was less painful. The similar reports have been reported in 

other study also. Pain related with finger piercing is one of 
the main barriers for daily monitoring of blood glucose, 
further, it has been discussed that skin pricking at alternate 
sites which has less nerve endings other than fingertip may 
increase blood glucose monitoring compliance at home.13

Although testing at alternate body sites has benefits 
including sparing of fingertips and lesser pain, its full 
acceptance eventually rest on how precise the blood 
glucose levels at alternate sites which reflect one’s glycemic 
state. If a patient does not have reliance in the test, the 
patient may re do the testing at fingertip thereby refuting 
any advantage of palm site testing.14 

The present study found that, the difference in the 
capillary blood sugar level between fingertip [mean (SD): 
226.08 (87.86)] and palm site [mean (SD): 225.65 (92.13)] 
was minimum when it was checked at random sequence. 
The intra-class correlation showed that the agreement 
between fingertip and palm site was 90.7% in a single 
measurement and 95.1% in average measurement. A 
similar result was reported by Jungheim and Koschinsky15 

that, the difference in the blood glucose levels between 
fingertip sampling and alternate sampling was minimal 
[(7.8 (2.4) vs. 7.2 (2.3) mmol/L, respectively P = 0.06)].15 

In contrast, to present study, Lee et al., reported that, 
that patients who test during first one hour time period 
after taking food could expect to have significant 
differences between their alternate site and finger glucose 
measurements.11 Ellison et al., reported that the accuracy 
of immediate postprandial changes in the blood glucose 
level is difficult to measure at the alternate sites.16

Testing on the forearm and thigh has been shown to 
be adequately accurate in pre meal and steady state levels 
only. Palm testing, unlike forearm and thigh testing, has 
been shown to be an accurate substitute for fingertip 
testing in evaluating blood glucose values at all times 
(including pre-meal, post-meal, and postexercise).17

The use of alternate site (palm site) sampling of capillary 
blood glucose monitoring is also effective method as 
fingertip sampling. Patients can utilize this method for the 
routine self- monitoring of capillary blood glucose levels 
at home and prevent complications like hyperglycemia 
or hypoglycaemia.10 Patients will experience less pain 

 

 

Figure 3. Distribution pain perception among participants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Participants experienced more pain at fingertip than palm site

Participants experienced more pain at palm site than fingertip
Participants experienced equal pain at fingertip and palm site

Figure 3. Distribution pain perception among participants.

Table 2. Comparison of pain level at fingertip and Palm site (N=284)

Pain score Fingertip Palm site  P valuea 

Median 3 2 

 0.001* Minimum value 0 0 

Maximum value 8 8 
a Wilcoxon signed rank test, *Statistically significant 

Table 3. Intra-class correlation of the blood glucose level at fingertip and palm site (N=284)

Site  Mean (SD)  Intra class correlation  Lower bound Upper bound P valuea 

Fingertip 226.08(87.86) Single measure 0.90 0.88 0.92 0.001

Palm site 225.65(92.13) Average measure 0.95 0.83 0.96 0.001
a Intra class correlation.
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perception at the palm site with minimal variation in 
the capillary blood glucose level. This can be minimized 
by washing the hand with lukewarm water and gently 
massage over the palm before sampling. 

The current study noted that there is no significant 
association between the pain perception at fingertip 
and palm site with regards to the age, gender, BMI, type 
of diabetes, or usage of the medication (administration 
of insulin subcutaneously with insulin syringe). So this 
method can be effectively practiced in any diabetic patients 
with regardless of the use of insulin. The similar results 
have been obtained in a study by Farmer et al., found that 
pain rating was significantly lower with palm site (1.65) 
than with the standard site (2.83) (P < 0.001). There was 
no significant difference in mean glucose measurements 
between standard care (150 mg/dL) and palm site (149 
mg/dL). The numbers were closely correlated (r = 0.98).18

Among the occupational groups, the participants 
belong to the unskilled worker experienced less pain 
at palm site (the median pain scores were 1 and 1.5 
respectively which was statistically significant at P < 0.05) 
than the fingertip. Similarly, Khawaja et al., specified that, 
compared to patients who were physically active, patients 
with not regular physical activity were less likely to have 
diabetic peripheral neuropathy, hence patients with less 
physical activity will experience more pain perception 
than patients with more physical activity.2 However in this 
study we have not studied about this aspect.

The current study showed that 13 out of 284 patients 
were practicing self-monitoring of blood glucose at home. 
Participants experienced the pain score of 3 at the fingertip 
and experienced less pain score of 2 at palm site which 
was significant at P < 0.05. Monitoring of capillary blood 
sugar level at palm site among participants who were self-
monitoring blood glucose level experienced less pain at 
palm site than fingertip sampling, which a similar result 
was reported by Ito et al.,19 and Cristiano et al.20 Sampling 
was less painful and were desired to continue alternate site 
sampling at home.19-21

The correlation between pain perception at fingertip 
and duration of diabetes mellitus is negative (r = -0.19) 
in this study, which was statistically significant at P < 0.05. 
The patients experienced less pain level at fingertip when 
the duration of the diabetes mellitus increases more than 
15 years. There was a negative correlation between the 
pain perceptions at palm site with the duration of diabetes 
mellitus but it is not statistically significant. Overall 
there was a reduction in the pain perception at both the 
site, Similarly other studies found, a lower prevalence of 

polyneuropathy in those with duration of DM < 5 years 
and highest in those with a duration of DM > 15 years.22-24 
Hence the level of pain perception will reduce in diabetic 
patients when the duration of diabetes is more than 15 
years. 

As this study is one group, there is a possibility of altered 
pain perception, however randomization of sampling 
sequence and adequate interval between the sampling has 
been considered to minimize the carry over effect.

Conclusion
The current study supports the use of palm site (alternate 
site) sampling for the self-monitoring of capillary blood 
glucose level at home and for routine clinical practice 
which is less painful than traditional fingertip sampling 
and without variation in blood glucose level. Further, 
palm site sampling would help the patient to adhere to 
routine monitoring of glucose as they perceive less pain 
than fingertip.
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Table 4. Correlation of the level of pain perception at fingertip and palm site 
with respect to duration of diabetes mellitus (N=284)

Variable
Pain score

Fingertip Palm site

Duration of diabetes
r= -0.19a 

P = 0.02*

 r=-0.09a

P = 0.25
a Spearman rank correlation, *Statistically significant.

What is the current knowledge?
Although blood sampling for capillary blood glucose monitoring 
is usually practiced from the fingertip as it reflects the accurate 
changes in capillary blood glucose levels, due to increased nerve 
endings in fingertip which may causes painful experience that often 
leads to poor adherence to regular monitoring of blood glucose at 
home among diabetic patients.

What is new here?
This study identified that palm site can be used as alternative site 
for capillary blood glucose sampling as it is less painful without 
significant variability in capillary blood glucose level.
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