Scandinavian Journal of Primary Health Care, 20143 32: 62—66

ORIGINAL ARTICLE

A home-based method for the detection of impaired glucose tolerance
in hypertensive primary care patients
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Wiktoriakliniken Halmstad, Sweden, >Research and Development Unit, Region Halland, Sweden

Abstract

Objective. The aim of this project was to compare an oral glucose tolerance test (OGTT) partly performed in the patient’s
home (OGTTh) with a clinic-obtained OGTT with regard to the ability of the tests to identify patients with impaired
glucose tolerance (IGT) and type 2 diabetes mellitus (DM-2). Design. A method comparison. Sezzing. The study was com-
pleted at two primary health care centres. Subjects. Fifty-one patients with hypertension aged 50-79 years completed both
OGTT tests. Main outcome measures. Values for capillary P-glucose obtained two hours after a glucose load were compared
between the two OGTT tests. Fasting plasma glucose (fP-glucose) and HbAlc were also measured. Results. Thirty-seven
patients were classified in the same group (normal/IGT/DM-2) by the two tests. The index of validity based on the test’s
ability to identify normal or pathological values (=8.9 mmol/l) was 0.75. The value for kappa was 0.66 with a sensitivity
of 0.54 and a specificity of 0.82. Conclusion. OGTTh may be a useful screening method for IGT in risk groups such as

hypertensive patients.
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Introduction

Recent data indicate that approximately 150 million
people have diabetes mellitus (DM) worldwide and
that this number may double by the year 2025. Much
of this increase will be due to population growth,
ageing, unhealthy diets, obesity, and sedentary life-
styles [1-3].

More than 100 000 individuals in Sweden have
a precursor of the disease in the form of impaired
fasting glucose (IFG) or impaired glucose tolerance
(IGT) [3].There is a significant relationship between
IGT and the risk of cardiovascular and heart disease
[4-6]. Subjects with IGT have an approximately
50% risk of developing type 2 diabetes (DM-2) over
a 10-year period [7,8]. Several large studies have
shown that the risk of developing DM-2 in persons
with IGT can be reduced by lifestyle changes [5,6,9—
11], with some studies showing a risk reduction of
approximately 50-58% [5,6,12].

To identify individuals at high risk of developing
DM-2, certain screening methods would appear to

be appropriate, rather than a general screening of a
healthy population [13]. Patients with hypertension
have a 2.5 times greater likelihood of having DM-2
compared with normotensive patients, and screening
for diabetes among hypertensive patients has been
shown to be more cost-effective than universal
screening, especially in the 55—75-year-old age group
[14,15]. Screening has a relevant role to play in the
prevalence of diagnosed diabetes that warrants the
evaluation of screening activity on the part of general
practitioners to optimize the identification of diabetic
patients [16].

The World Health Organization (WHO) recom-
mends retention of the oral glucose tolerance test
(OGTT) as a diagnostic test because fP-glucose
alone fails to diagnose approximately 30% of cases
of previously undiagnosed DM-2 and because the
OGTT is the only test that can identify people with
1GT [7,14,15,17,18].

OGTT is used less and less in clinical practice
most likely because the method is complicated. If the
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e A home-based oral glucose tolerance test
(OGTTh) in which the glucose load was
consumed at home was compared with a
routine oral glucose tolerance test (OGTT)
obtained in a clinic setting. The OGTTh
classified 75% of the study participants in
the same group as the clinic OGTT (nor-
mal/pathological).

e This study demonstrates that OGTTh is
comparable to OGTT and that the home-
based test may be a useful screening tool
for the detection of impaired glucose tol-
erance (IGT) in hypertensive patients in
the age range 50-79 years.

OGTT could be performed in a simpler and less
time-consuming manner, it would most likely be
used more often and thereby more at-risk individuals
would be identified during the pre-diabetic stage
when lifestyle interventions could prevent or delay
the onset of DM- 2.

The aim of this project was to compare an OGTT
partly performed in the patient’s home with a clinic-
obtained OGTT with regard to the tests’ ability to
identify patients with IGT and DM-2.

Material and methods
Settings and study population

A group of patients who had been diagnosed with
hypertension at two primary healthcare centres
(PHCs) during the year 2010 was selected [19]. At
each clinic, 10 patients from each age group (50-59,
60-69, and 70-79), with five from each sex, were
randomly selected and invited to participate in the
study. Patients who were diagnosed with DM-2 were
excluded.

Procedure

The individuals were invited by letter to take part in
the study. Those who declined to participate were
replaced with a new randomly selected individual of
the same sex and age group. After written consent
was obtained, the patients were sent 75 g of glucose
in an envelope along with a description of the pro-
cedure and instructions regarding the performance
of the procedure. Study participants were instructed
to dissolve the glucose with 300 ml of water and to
drink the mixture 12 hours before an appointment
time scheduled at the PHC and to record the exact
time of the intake. For three days prior to the appoint-
ment, patients were to avoid nicotine and heavy

physical activity. After eight o’clock on the evening
prior to the test dose, patients were allowed only to
drink water. Transportation to the PHC on the day
of the test that did not involve physical effort was
advised.

Exactly two hours after the home intake of glu-
cose, the patients’ capillary P-glucose was measured
at the clinic. The capillary blood samples were
obtained from the fingertips, collected in HemoCue
Glucose cuvettes and immediately measured in a
HemoCue Glucose Analyser 201 RT, which converts
blood glucose (B-glucose) concentrations to equiva-
lent P-glucose concentrations by multiplying by an
adjustment factor of 1.11 [20]. This test is referred
to as the home-based oral glucose tolerance test
(OGTTh). At the clinic visit, patients’ BMI, smoking
habits, family history, physical activity level, and the
method of transportation used to reach the PHC
were also obtained. The patients were scheduled for
an OGTT at the clinic one week later, which included
both fP-glucose and HbAlc. When all the data were
collected, the patients were informed of the results.
Those who had a pathological value were followed
up according to standard procedures for the new
onset of IGT or DM-2.The WHO diagnostic criteria
employed were capillary P-glucose = 12.2 mmol/l for
DM and, for IGT a capillary P-glucose =8.9 and
<12.2 mmol/l at two hours following the glucose
load [1,21].

Statistics

The analysis primarily tested the degree of
agreement between the OGTTh and OGTT with
regard to the classification of study participants as
“healthy”, IGT, or DM-2. Analysis of coherence
was performed with kappa statistics [22], where
approximately 50-60 pairs of individual measure-
ments provided the opportunity for inference.
Descriptive statistics with an index of validity, sen-
sitivity, and specificity were also used.

Ethics

The study was approved by the Regional Ethical
Review Board in Lund. Dn 2011/806.

Results

Of the 113 individuals surveyed, 57 agreed to par-
ticipate, of whom 51 completed all aspects of the
study. Fifty-six individuals did not respond to the
invitation or were not forthcoming for the study.
Most patients declined to participate due to a lack
of time or to the fact that they had already checked
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their fP-glucose value recently. Six individuals dis-
continued the study after the OGTTh, mostly due
to nausea from the sugar solution.

The study group is presented in Table I. The dis-
tribution between men and women was equal. There
were more dropouts in the youngest age group.
Among participants who had walked or biked to the
PHC, six out of 10 had a lower value for OGTTh
than OGTT, while 19 of 41 of participants who had
taken a car or bus had a lower OGTTh value.

The median value for both OGTTh and OGTT
was 7.9 (Table II). FP-glucose values showed a
distribution range of 4.1 to 7.0 with a median value
of 5.5. The participant with an fP-glucose of 7.0
had values =12.2 on both the OGTTh and
OGTT. HbAlc values showed a range of 33 to 48
mmol/mol.

The two tests classified 37 persons in the same
group: two with diabetes, four with IGT, and 31 as
normal, which provides an index of validity of 0.73.
Fourteen individuals were classified differently by
the two tests: one had a diabetic value in one test
and IGT in the other, and 13 had one pathological
and one normal value (Table IIT). The minimum and
maximum values for OGTTh were 4.6 and 15.2, and
for OGTT were 3.2 and 14.1, respectively. The two
tests’ classifications of the two-hour values as normal
or pathological (=8.9) gives a kappa value of 0.66
with an index of validity 0.75, a sensitivity of 0.54,
and a specificity of 0.82.

Discussion

An OGTT partly performed in the patient’s home
had an index of validity of 0.73 for classifying the
participants’ two-hour P-glucose values as normal,
IGT, or DM and an index of validity of 0.75 for the
classification of normal or pathological values with a
kappa-value of 0.66. In a reproducibility study of
OGTT performed with a six-week interval between
the two tests, other investigators reported an index
of validity of 0.66 [23]. The higher value in the index
of validity in our study may be explained by the

Table 1. Description of the study group (n=51).!

q3_ql
Sex: men/women (n) 26/25
Age (median): 64.0 72.0-59.0
50-59 years (n) 14
60—69 years (n) 19
70-79 years (n) 18
Method of transportation to the PHC:
Walking or bicycle (n) 10
Car or bus (n) 41

Note: 'Values refer to median values and interquartile ranges.

Table II. Study groups’ values for the different blood
samples: Median and interquartile ranges (n =51).

median ;-9
OGTTh (mmol/l) 7.9 9.3-6.6
OGTT (mmol/l) 7.9 9.2-6.8
fP-glucose (mmol/l) 5.5 5.9-5.1
HbAlc (mmol/mol) 39 42-36

shorter period between the two tests. Nevertheless,
the main finding in our study is that the agreement
between the OGTTh and the OGTT appears to be
as good as that between the two OGTTs.

False-positive two-hour P-glucose values are less
likely because such values are likely to represent
abnormal glucose tolerance, regardless of whether
the glucose was consumed at home or in the clinic.
False-negative values in OGTTh are more likely and
may represent possible sources of error by the par-
ticipants who may not have consumed the entire test
solution or who were excessively physically active
during the two-hour test interval.

Of the seven individuals who were classified into
the lower glucose concentration category by the
OGTTh but not by the OGTT, only one walked or
biked to the PHC, which may indicate a lower likeli-
hood of a falsely low value in this individual.

Two of the participants had a two-hour P-glucose
value =12.2 on both tests, and they were thereby
diagnosed with DM. One person was classified as
having DM by one test and as having IGT by the
other, and four were classified as having IGT by both
tests. These five participants were diagnosed with
IGT. The 13 participants who had one pathological
and one normal value are likely to be at a higher risk
of developing IGT/DM and should be monitored
more closely. The remaining 31 participants were
classified as normal by both tests.

If OGTTh had been used as a screening method
in this study population, and if all subjects whose
two-hour value was = 8.9 had been retested with an
OGTT, the following results would have been
obtained: OGTTh classified 37 participants as nor-
mal with no further testing and classified 14 partici-
pants as abnormal. Of these 14 participants with

Table III. The two tests’ classification of the participants
(n=51) as DM (=12.2), IGT (8.9-12.1), or normal
(<8.9).

OGTT (mmol/l)

=12.2 8.9-12.1 <8.9 Total

OGTTh (mmol/l) =12.2 2 0 1 3
8.9-12.1 1 4 6 11

<8.9 1 5 31 37

Total 4 9 38 51
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abnormal OGTTh values, two would have been clas-
sified as having DM and five as having IGT after a
traditional OGTT retest. The remaining seven par-
ticipants would undergo closer follow-up. This mock
two-step screening procedure would have detected
the two persons with DM, all five with IGT, and
seven of the 13 participants who should receive closer
follow-up.

HbAlc may also be used to detect DM-2 and
pre-diabetes using a value =48 mmol/mol (accord-
ing to the IFCC) and values from 39 to 46 mmol/
mol for IGT [24,25]. At the ADA (American Dia-
betes Association) detection threshold, one of the
two participants with DM-2 on both tests would
have been classified as having DM-2 using HbAlc.
However, it is intriguing that only 60% (3/5) of the
participants classified as having IGT were also
detected by HbAlc. This finding indicates that
HbAlc is not a sensitive test for the detection
of IGT.

The highest fP-glucose value obtained was 7.0.
The participant also had values=12.2 by both
OGTTh and OGTT and thus was diagnosed with
diabetes. A review article concluded that both HbAlc
and fP-glucose are effective tools for detecting DM-2
compared with OGTT (sensitivity 78-81% and
specificity 79-84%, respectively), but they are poor
tests to detect individuals with IGT [24].

Confirmed diabetes can be diagnosed by either
capillary B-glucose or venous P-glucose. Capillary
B-glucose may be more convenient than venous
P-glucose in general practice [26]. The IFCC docu-
ment recommends using a constant factor of 1.11 for
converting the concentration of glucose in whole
blood to concentrations in plasma, based on water
concentrations in the two sample types [20].

OGTTh has proven feasibility. None of the par-
ticipants consumed the test solution at the incorrect
time. All of the participants recorded the ingestion
time of the glucose load and arrived at the PHC at
the desired time. However, there were difficulties in
enrolling 60 participants, primarily due to the time
limit. For each invited participant who did not
respond to the enrolment request, a reminder was
issued followed by a waiting period to allow for a
definite “no” or “no response” before we could enrol
additional participants.

The median age among those who chose not to
participate in the study was 58 years versus 64 years
in the study population. This may indicate that the
method’s usefulness as a screening examination is of
limited value to younger age groups.

Because of an imbalance between the values in
Table III, the kappa value was calculated due to the
index of validity and the index by chance [22]. In
light of the cited weaknesses, the results from this

small study necessitate validation in larger study
populations.

The OGTT remains the recommended test to
find individuals with IGT compared with many other
methods tested. A simplified test that is as sensitive
as OGTT would offer a form of screening that is
probably more time efficient and less expensive.
Whether the OGTTh is simple and time-saving
remains to be investigated. However, this study shows
that OGTTh may be a useful screening method for
IGT in risk groups such as hypertensive patients.
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