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OBJECTIVE — To compare pre- and postmeal capillary blood glucose concentrations mea-
sured at the finger, forearm, and thigh in adults with diabetes.

RESEARCH DESIGN AND METHODS — For phase 1, capillary blood glucose con-
centrations were measured at six time points (premeal and at ~60, 90, 120, 150, and 180 min
postmeal) using a blood glucose monitoring system and technician-obtained samples collected
from finger, forearm, and thigh sites of 42 adults with diabetes. The finger samples were also
tested with a laboratory instrument. For phase 2, ~14 weeks later, the testing procedures were
repeated with 38 subjects from the original study population.

RESULTS — Meter finger results were accurate at all time points. Alternate sites tended to
produce lower glucose readings compared to finger readings at times when glucose was increas-
ing rapidly (60 and 90 min postmeal). Forearm-to-finger differences correlated with rates of
glucose change (r = 0.56, P < 0.001), as did the thigh-to-finger differences (r = 0.52, P <
0.001). Other factors, such as subject age, BMI, diabetes type, and insulin dependence did not
have a significant impact on site differences. When the testing procedures were repeated with the
same subjects, the pattern of site differences was consistent, although individual results were
variable.

CONCLUSIONS — Changes in blood glucose immediately after a meal may be identified at
finger sites before detection at forearm or thigh sites. Alternate site testing appears to be a useful
option for routine self-monitoring before meals; however, patients and clinicians should recog-
nize that results may be different from fingertip results when glucose levels are changing rapidly.
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elf-monitoring of blood glucose
(SMBG) currently requires the user
to perform a skin puncture and then
transfer blood from the puncture site to a
test strip. Newer test strips are designed
for use with very small blood samples, in
some cases <1 pl (1). The smaller sample
volume allows users to perform a shal-

lower finger puncture or perform a skin
puncture at an alternate blood sampling
site, such as the forearm or thigh, thus
reducing the pain associated with testing
and allowing the fingertips time to heal.
The option to test at alternative sample
sites may lead to better patient compli-
ance with blood glucose testing regimens.
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However, because patients may switch
back and forth between finger sites and
alternate sites in their monitoring prac-
tice, the equivalence of blood glucose
measurements made at various times with
samples from different sites is an impor-
tant consideration. The purpose of this
investigation was to compare blood glu-
cose concentrations of adults with diabe-
tes when measured at different sites
(finger, forearm, and thigh) before and af-
ter a meal and to determine whether sub-
jects showed repeatable patterns when
tested on different occasions.

RESEARCH DESIGN AND
METHODS — Institutional review
board approval and informed consent were
obtained before each phase of the study.
Subjects recruited for the studies were indi-
viduals at least age 18 years with a prior
diagnosis of type 1 or type 2 diabetes. Table
1 gives the characteristics of the subject
population. In all, 42 subjects completed
the first phase of the study in December
2000. Testing was repeated ~14 weeks
later, with 38 of the 42 subjects returning, to
determine whether the observed glucose re-
lationships were reproducible. The role of
the subjects was limited to 1) providing rel-
evant demographic, medical, and dietary
information; 2) maintaining normal diet
and medication practices during the study;
and 3) acting as a source of blood samples
for technician-performed tests.

All testing was conducted at LifeScan
Laboratories in Milpitas, California. Each
phase of the study consisted of six testing
sessions (premeal and ~60, 90, 120, 150,
and 180 min postmeal) in which subjects
were tested with a glucose monitoring
system using finger, forearm, and thigh
blood samples. All testing sessions were
scheduled to minimize impact on the sub-
jects” daily diabetes management regi-
mens. Subjects reported for testing at least
1 h before breakfast or lunch (or 1 h be-
fore a premeal insulin administration, if
applicable). After the premeal testing, each

DiaBETES CARE, VOLUME 25, NUMBER 6, JUNE 2002

961



|
Capillary glucose concentration differences

Table 1—Subject characteristics

Phase 1 Phase 2

n 42 38
Sex (M/F) 16/26 15/23
Age (years) 479+ 122 48.1*x123
Diabetes

Type (1/2) 15127 13/25

Using insulin 17 15
BMI (kg/m?) 318 +72 30.7 = 6.8
Hematocrit (%) 42.7 £ 49 42.0+ 3.9
Test time (A.M./P.M.) 31/11 29/9

Data are n or means %+ SD.

subject was offered a meal from one of
two menus (breakfast or lunch, depend-
ing on the time of testing), and the meal
items consumed by each subject were
documented. The total carbohydrate con-
tent was ~115 g for breakfastand ~143 g
for lunch. After the meal, subjects re-
turned to the testing area to complete the
remaining five testing sessions.

All skin punctures and glucose tests
were performed by trained technicians.
The order of sites tested (i.e., finger, fore-
arm, and thigh) was varied between sub-
jects, with minimal elapsed time between
sites. For each testing session, the forearm
and finger samples were collected from
the same arm (right or left), but the choice
of arm varied between testing sessions.
Forearm samples were collected from the
anterior or medial side of either forearm,
in a soft fleshy area free of visible veins or
excess hair. Thigh samples were collected
from the anterior or medial surface of ei-
ther thigh, ~6 in above the knee. Finger
samples were collected using either side
of the tip of any finger on either hand.

Forearm and thigh sampling sites
were prepared by vigorously rubbing the
sample site with the hand for several sec-
onds. If rubbing alone did not promote
adequate blood flow, a warming pad was
used. Penlet Plus Blood Samplers with
clear caps (LifeScan, Milpitas, CA) were
used for all forearm and thigh skin punc-
tures. To obtain enough blood for meter
and laboratory tests, a Tenderlett finger
incision device (International Techni-
dyne, Edison, NJ) was used to perform all
fingertip skin punctures.

Capillary blood glucose concentra-
tions were measured using the One
Touch Ultra Blood Glucose Monitoring
System (LifeScan), which combines glu-
cose oxidase chemistry with an electro-

chemical detection method. The system is
designed for rapid (5 s) quantitative mea-
surement of blood glucose using small
volumes (1 wl) of capillary whole blood. A
set of five glucose meters and a single lot
of test strips were used for each phase of
the study. Laboratory evaluation before
the study demonstrated strip-to-strip co-
efficients of variation of <4% at blood
glucose concentrations of ~40, 80, 250,
and 400 mg/dl.

During each testing session, compar-
ative blood glucose tests were performed
with finger samples using a YSI 2700 Se-
lect Biochemistry Analyzer (Yellow
Springs Instruments, Yellow Springs,
OH). The YSI 2700 uses a glucose oxidase
method with electrochemical detection to
measure glucose concentrations in a
25-pl sample (plasma or whole blood) di-
luted with 600 pl of buffer. Within-day
and between-day coefficients of variation
of = 3.5% have been reported using pro-
tein-based quality control solutions (2).
Samples collected in heparinized collec-
tion tubes were tested immediately to ob-
tain whole-blood glucose results and
were then centrifuged and tested again to
obtain plasma glucose concentrations.
Hematocrits were measured using a
STAT-CRIT instrument (Wampole Labo-
ratories, Cranbury, NJ).

In each phase, meter system accuracy
was verified by comparing meter finger re-
sults with the corresponding YSI plasma
glucose values. Least-squares linear regres-
sion was used to evaluate the relation be-
tween methods, and error grid analysis was
used to determine the clinical significance
of the meter versus YSI differences (3). Be-
tween-subject mean glucose concentrations
at the three sampling sites were compared
using repeated measures ANOVA. Testing
sessions were identified as nominal time

points (e.g., premeal, 60-min); however, ac-
tual times between testing sessions varied
slightly from subject to subject. All statisti-
cal testing was performed at the 5% level of
significance. Glucose concentration differ-
ences between alternate sites (forearm or
thigh) and finger meter measurements were
calculated as percentage differences (PDs)
for each subject, according to the following
equation: PD = 100 X (alternate site glu-
cose — YSI finger glucose)/YSI finger glu-
cose.

RESULTS — Inboth phases, meter fin-
ger results at all time points were closely
matched with the corresponding YSI
plasmaresults. For phases 1 and 2, regres-
sion slopes = 0.95 and 0.94, intercepts =
0.6and —1.8mg/dl, S, = 18.3and 18.1,
r=0.98and 0.97,and n = 246 and 227,
respectively. Error grid analysis of data
from both phases showed that =95% of
the meter finger measurements fell within
zone A and 100% of the measurements
fell within zones A + B. Thus, meter fin-
ger results showed high degrees of statis-
tical and clinical accuracy.

All sampling sites showed a large in-
crease in blood glucose after the meal, fol-
lowed by a leveling and a gradual decline
thereafter (Fig. 1A and C). Finger glucose
concentrations (meter and YSI) peaked
during the 90-min session, whereas fore-
arm and thigh concentrations peaked
somewhat later (~120 min) and at a
lower glucose concentration. This same
pattern was observed in both phases of
the study. In each phase, between-subject
glucose variations (* SD) were substan-
tial yet consistent in magnitude across the
three sampling sites at each time point.
The observed variations in YSI and meter
finger results were nearly identical at each
time point, suggesting that the variation
was not dependent on the method. Re-
peated-measures ANOVA for mean glu-
cose showed statistically significant
differences (P < 0.05) among sampling
sites at 60 min in phase 1. Differences for
all other sampling sites and time points
were not statistically significant. Analysis
for the covariates age, BMI, test time (a.Mm./
p.M.), diabetes type, and insulin depen-
dence suggested that site differences
might be more pronounced in older sub-
jects (age >40 years), subjects tested in
the morning, and subjects not taking in-
sulin; however, the differences were not
statistically significant. Diabetes type and
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Figure 1—Shown are phase 1 mean subject glucose (A) and mean percentage differences (B) and phase 2 mean subject glucose (C) and mean

percentage differences (D).

BMI did not have a consistent effect on
site differences.

The observed time lags between alter-
nate site and finger glucose concentra-
tions were reflected in the mean PDs for
each phase. Whereas finger PDs were
consistent at each time point, forearm and
thigh PDs were slightly positive during
premeal testing, became substantially
negative for at least 90 min, and then re-
turned close to the premeal values by 180
min (Fig. 1B and D). This observation
suggested to us that the sign and magni-
tude of the forearm and thigh PDs might
be related to the direction and rate of
blood glucose changes. To investigate this
possibility, the correlation between the
estimated rate of glucose change after eat-
ing and the subject forearm and thigh PDs
was assessed using linear regression anal-
ysis. At each time point, the rate of glu-
cose change (mg * dlI™' - min™") was
estimated as the difference in YSI readings
between the current and previous time
points divided by the elapsed time be-
tween measurements.

The relation between PDs and the es-
timated rates of glucose change for both
phases combined is shown in Fig. 2. The

data indicate that at higher rates of blood
glucose change (positive or negative), the
differences between finger and alternate
site blood glucose concentrations became
greater. Linear regression analysis sup-
ports the observed relationship for both
forearm (r = 0.56, P < 0.001) and thigh
PDs (r = 0.52, P < 0.001).

CONCLUSIONS — When blood glu-
cose is changing rapidly, different blood
collection sites can provide different mea-
sured glucose concentrations. This has
been demonstrated in studies showing
capillary glucose to be significantly higher
than venous glucose after a liquid glucose
load (4-6). Until recently, the fingertip
has been the only practical sampling site
for SMBG. As systems for collecting and
measuring blood glucose at alternate an-
atomical sites gain acceptance, the equiv-
alence of glucose concentrations at these
sites becomes an important factor in gly-
cemic self-management.

Recently, Koschinsky and Jungheim
(7) compared forearm and finger capillary
blood samples from patients with type 1
diabetes. They reported clinically relevant
differences between sites as finger glucose

fell into the hypoglycemic range. The data
in our study demonstrated a similar phe-
nomenon over a wide range of glucose
concentrations and further illustrated that
rapid glucose changes, either increasing
or decreasing, were associated with large
site differences in some subjects. It has
been suggested that arm-to-finger differ-
ences may be minimized by rubbing the
test site before blood collection (8). In our
studies, both forearm and thigh sites were
rubbed before testing, and in some cases a
warming pad was used, yet site-to-site dif-
ferences were not entirely mitigated. A re-
cent report on the use of an automated
vacuum device for alternative site SMBG
has indicated that arm results agree well
with finger values using this device (9).
The report, however, did not discuss the
impact of rapid blood glucose changes on
site-to-site differences.

In summary, glucose values mea-
sured at forearm and thigh sampling sites
might lag behind values obtained from
the finger when glucose levels are chang-
ing rapidly. This lag may produce signif-
icant differences in blood glucose
concentrations measured at these sites.
Our data indicated that site differences
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Figure 2—Percentage differences versus rate of glucose change (both phases) for forearm (A) and
thigh results (B). Approximate time after pre-meal test: O, 60 min; [, 90 min; A, 120 min; @, 150

min; and W, 180 min.

observed at specific times were not attrib-
utable to performance limitations of the
glucose monitoring system. Although the
lag appeared to be repeatable, the magni-
tude of site differences for individual sub-
jects appeared to be inconsistent,
presumably depending on the rate of glu-
cose change at the time of the compari-
son. Alternate site sampling has the
potential to increase patient compliance

with SMBG; however, patients should
rely on the finger site for testing within 2 h
after meals, or at other times when blood
glucose is likely to change rapidly (e.g.,
following an insulin dose). Although this
study did not directly evaluate the detec-
tion of hypoglycemia, our findings were
consistent with the recommendation that
finger testing be used when there is a
question of hypoglycemia, as they con-

firmed that hypoglycemia is likely to be
detected sooner at the finger than at the
arm or thigh. These recommendations
should be clearly communicated to health
care providers and patients through edu-
cational materials and training.
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