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Summary. This study provides information on the prevalence
of diabetes mellitus in a group of elderly Chinese subjects
aged 60 and above living in the community in Hong Kong,
and investigates the sensitivity of the urine sugar, random
blood glucose, glycosylated haemoglobin, and fructosamine
measurements compared to a glucose tolerance test in
screening for diabetes mellitus in this population. Four hun-
dred twenty-seven subjects aged 60 and above were studied.
The National Diabetes Data Group Criteria were used for
the diagnosis of diabetes. Those with a random blood glu-
cose exceeding 12.5 mmol/l were considered diabetic, and
all of these patients had glycosuria together with elevated to-
tal glycosylated haemoglobin and fructosamine concentra-
tions. A diagnostic 75 g oral glucose tolerance test was per-
formed on patients with one or more of the following

abnormalities: glycosuria, random plasma blood glucose
7.8 mmol/1 to 12.5 mmol/1, glycosylated haemoglobin 8.5%,
and fructosamine 2.20 mmol/l. By these criteria, the preva-
lence of diabetes in this community was found to be 9.8%.
An elevated random glucose greater than 11.1 mmol/1
proved to be the only specific method of screening and gly-
cosuria was found to be at least as good as fructosamine and
HbA,. However, HbA, is more sensitive than random glu-
cose, glycosuria or fructosamine in detecting impaired glu-
cose tolerance. On the basis of this study, a higher reference
range for glycosylated haemoglobin for the elderly alone is
also suggested (5.74-9.34%).
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The prevalence of diabetes mellitus and blood glucose
concentration in response to an oral glucose challenge
has been shown to rise with age [1-3]. This has led to
the suggestion by some that the criteria for the diagno-
sis of diabetes mellitus by blood glucose estimation
should be higher in the elderly [4]. Despite continuing
controversy regarding the criteria of abnormal carbo-
hydrate tolerance in the elderly, there is no doubt that
diabetes increases morbidity and mortality [5-7]
Therefore, screening for diabetes mellitus as part of the
primary health care of the elderly may be important
and may reveal a cause for previously unrecognised ill-
health.

The prevalence of diabetes mellitus among elderly
Chinese is not known, and its determination forms the
major aim of this study. The oral glucose tolerance test
(OGTT) has been accepted as the ultimate standard for
the diagnosis of diabetes mellitus; nevertheless, it is
impractical in community screening. In the elderly, it is
often difficult to obtain a fasting or an accurate 2-h
postprandial blood glucose estimation so that in prac-
tice only urine analysis and/or a random blood glu-

cose estimation may be possible. In addition, for cul-
tural reasons, elderly Chinese are often reluctant to
accept repeated venepunctures as required for an
OGTT. Recently, newer methods of screening have
been suggested [8] using estimation of glycosylated
haemoglobin (HbA,) [9, 10] or fructosamine [11] on a
random blood specimen. Although HbA; has a high
predictive value only in long-standing hyperglycaemia
in a group of patients of all ages [12], its value in
screening has not been studied in the elderly. There is
also little information regarding serum fructosamine
levels in the elderly for the detection of diabetes melli-
tus. This study compares the sensitivity of urine sugar,
random blood glucose, HbA and fructosamine levels
in the diagnosis of diabetes mellitus in the elderly, us-
ing the OGTT as a standard.

Subjects and methods

Urine and randomly-timed single blood samples were collected from
a cluster sample of 427 Chinese men and women aged 60 and above,
mean age 70.63+4.5 years, living in sheltered housing, as part of a
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multi-dimensional health assessment of the elderly in the district.
There were 177 men and 250 women. The sheltered housing com-
plex consists of flats shared by up to six elderly people, interspersed
with flats occupied by other members of the public. The residents of
sheltered housing are supervised by members of the Social Welfare
Department. The criteria for entry into sheltered housing is that the
applicant should be capable of self-care, able to lead a normal active
life, but unable to afford their own housing as their income is de-
rived mainly from social welfare. The response rate was 96%, the
reason for refusal being fear of blood taking.

Blood specimens for HbA; and fructosamine estimation were
collected in EDTA containers, as fructosamine values have been
shown by our group to be indistinguishable from serum values if
EDTA is used as preservative, but lower if fluoride oxalate or hepa-
rinised containers are used [13].

Plasma glucose was measured with the glucose (Trinder) assay kit
on an Encore centrifugal analyzer (Baker, Allentown, Penn, USA).
The assay employed the glucose oxidase-peroxidase double enzyme
system with 4-aminolenazone as the chromogenic oxygen receptor.

Fructosamine was determined by the reduction of nitro-blue te-
trazolium in alkaline solution [14]. This colorimetric assay was auto-
mated on a Cobas Bio centrifugal analyser (F Hoffmann-La Roche,
Basle, Switzerland) using commercially availabe 1-deoxy-1-morphol-
ino-D-fructose and Roche control sera as primary and secondary
calibrants. Plasma total protein and albumin were measured by stan-
dard methods. Plasma fructosamine concentration was corrected for
change in total protein and albumin concentration according to the
formula: corrected fructosamine = Fructosamine +0.006 (70 - Total
Protein) + 0.013 (40 - Albumin) [15].

HbA; in whole blood was measured on agar gel by a Corning
‘Glytrai’ Electrophoresis Apparatus (Corning, Palo Alto, Calif,
USA). Haemolysis was carried out with the use of the Corning
haemolysing reagent (0.1% saponin) immediately prior to electro-
phoresis.

The reference ranges for HbA; and fructosamine obtained in
younger subjects were used, as reference ranges specific for the eld-
erly were not available at the beginning of the study (8.5% for HbA,
and 2.20 mmol/1 for corrected fructosamine).

It has been suggested that in the elderly, the diagnosis of diabetes
mellitus is highly probable if the random glucose is greater than
13.3 mmol/]l and probable if it is greater than 11.1 mmol/1 [4]. We
used an arbitrary figure of 12.5 mmol/1 as the cut-off point, so that
all subjects with a random glucose greater than 12.5 mmol/1 were
considered diabetic. All of these subjects also had glycosuria, elevat-
ed HbA, and fructosamine. A 75-g OGTT was performed on all sub-
jects with either one or more than one of the following abnormali-
ties: glycosuria, random glucose between 7.8 and 12.5 mmol/1, HbA,
greater than 8.5% and fructosamine greater than 2.20 mmol/1. Prior
to the OGTT the subjects were fasted overnight and all morning
medications were omitted. As far as was possible it was ensured that
the patients ate a carbohydrate-rich diet for 3 days prior to the
OGTT. Rice formed the main component of carbohydrate in the
diet. All OGTTs were carried out in the morning between
09.00-11.30 hours, in the metabolic investigation unit of a general
hospital, at a constant ambient temperature of 25 °C. The National
Diabetes Data Group criteria for diagnosis of diabetes mellitus and
impaired glucose tolerance were used [16]. A diagnosis of diabetes
mellitus was made if the plasma glucose at 1 and 2 h after 75 g oral
glucose were both equal to or greater than 11.1 mmol/l, and a diag-
nosis of impaired glucose tolerance (IGT) was made if the fasting
glucose was less than 7.8 mmol/l, the 1 h glucose 11.1 mmol/1 or
greater, and the 2-h glucose between 7.8-11.1 mmol/1.

Statistical analysis

The probability of significant difference between different percent-
ages in Tables 3 and 4 was calculated by dividing the difference be-
tween two values by its standard error.
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Table 1. Age distribution of diabetic and non-diabetic subjects

Age range Number of Number of  Prevalence of
(years) non-diabetic diabetic diabetes mellitus
subjects subjects (%)
M F M F M F Total
60-64 18 37 2 3 33 5.0 8.3
65-69 60 88 4 5 2.5 3.2 5.7
70-74 63 90 10 12 5.7 6.9 12.6
75+ 11 18 3 3 8.6 8.6 1741
(Mean age 70.6+4.5 years)
Total 385 42 9.8

Table 2. Body mass index (mean =+ SD) in diabetic and non-diabetic
subjects in Hong Kong

BMI (kg/m?)  Number of Number of
diabetic subjects non-diabetic subjects
(%) (%)
25 28 (66.7) 306 (79.4)
25-30 11 (26.2) 69 (18.0)
(overweight)
30 3(7.1) 10 (2.6)
(obese)
Mean 242+32° 219+3.8%
BMI (Range 19.3-31.6) (Range 13.44-34.90)
kg/m?+SD

? p<0.001 (Student’s t-test)

Results

Nineteen subjects were diagnosed as having diabetes
mellitus based on a random plasma glucose of
12.5 mmol/1 or more (The values ranged from 12.5 to
28.9 mmol/1). Seventy-three underwent a 75-g oral glu-
cose tolerance test; 23 fulfilled the criteria for diabetes
mellitus and 13 the criteria for impaired glucose toler-
ance (IGT). Thus the total number of diabetic subjects
was 42, giving a prevalence of 9.8% in this population.
The prevalence of diabetes appears to rise with age,
reaching 17.1% in those over 75 (Table 1). There is no
significant difference in prevalence between males and
females. The prevalence of IGT by these criteria was
3%. If the WHO criteria (1985) were applied [17], the
number of diabetic subjects remained the same, but the
number with IGT increased to 20 (4.7%). The remain-
ing 335 subjects, all of whom had a random plasma
glucose of <7.8 mmol/1, no glycosuria and HbA,, and
fructosamine concentration within the normal range
were classified as normal.

Thirty-three out of 42 (76%) were previously un-
recognised cases, and 9/42 (21.4%) gave a previous
history of diabetes. However, of these nine patients, six
had defaulted follow up and the remaining three were
all poorly controlled with HbA, greater than 11%.

Table 2 shows the mean body mass index (BMI+
SD) of the diabetic and non-diabetic subjects in this
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Table 3. Comparison of the sensitivities of urine sugar, random glucose, HbA; and fructosamine in detecting diabetes mellitus and impaired

glucose tolerance

Method Diabetes mellitus (total no.=42) Impaired glucose tolerance (total no.=13)
No. of abnormal Sensitivity (%)  No. of abnormal Sensitivity (%)
values values

Random glucose (>12.5 mmol/1) 19 45.07 0

Random glucose (> 11.1 mmol/1) 23 54.8% 2 15.42

Urine sugar 25 60.0 1 1.7

Fructosamine alone (upper limit of normal 2.2 mmol/1) 33 78.6 2 154

HbA, alone (upper limit of normal 8.5%) 35 83.3% 10 76.9

HbA, alone (upper limit of normal 9.34%) 30 714 9 69.22

HbA, (upper limit of normal 8.5%)+ fructosamine 40 95.0° 11 84.6°

HbA, (upper limit of normal 9.34%) + fructosamine 35 8332 8 61.5

2 p<0.05

Table 4. Number of subjects with normal OGTT among those with
abnormal screening tests

Tests Total no. with  Number with %
abnormal values normal OGTT

Urine sugar 30 2 6.7%

Random glucose 19 0 0

>12.5 mmol/1

Random glucose 24 0 0

>11.1 mmol/1

HbA, alone (upper limit of 70 26 3747

normal 8.5%)

HbA,; alone (upper limit of 54 11 20.4

normal 9.34%)

Fructosamine alone (upper 49 7 14.3

limit of normal 2.2 mmol)

HDbA,; (upper limit of 89 37 41.6*

normal 8.5%) and/or

fructosamine

HbA, (upper limit of 72 22 30.6°

normal 9.34%) and/or ’

fructosamine

2 p<0.05

study. The mean BMI in the diabetic group is higher
(p<0.001) and there is a higher percentage of over-
weight (BMI between 25 and 30 kg/m?) and obese
(BMI greater than 30 kg/m?) subjects in the diabetic
compared to the non-diabetic group.

The sensitivities of the four screening methods in
detecting abnormal glucose tolerance among those
who underwent this test were calculated by dividing
the number of abnormal values among the diabetic
subjects by the total number of diabetic subjects
(Table 3). HbA combined with fructosamine is more
sensitive than a random glucose >12.5 mmol/1 or =
11.1 mmol/1 (p <0.05), but not significantly more sen-
sitive than glycosuria. The use of successively lower
random glucose levels did not alter the sensitivities sig-
nificantly, so that only 24 of the 42 diabetic subjects
had a random glucese =10.0 mmol/l. However, HbA,,
is more sensitive than random glucose, glycosuria, and

fructosamine in detecting impaired glucose tolerance
(p <0.05) even though their sensitivities are compara-
ble in detecting diabetes mellitus.

Since the oral glucose tolerance test was used as the
absolute criteria for diagnosing diabetes mellitus, but
was not carried out on all subjects, we could not calcu-
late the specificity and predictive value of these meth-
ods. However, the number of subjects with a normal
OGTT despite one or more abnormal screening tests
could be given (Table 4). It can be seen that although
urine analysis and random plasma glucose measure-
ments gave a low sensitivity, the number of subjects
with a normal OGTT, but glycosuria or elevated ran-
dom plasma glucose, was also low. Although abnormal
HbA, + fructosamine values appeared most sensitive,
they also gave the highest number of “false positives”
in subjects with a normal OGTT (p <0.05). In particu-
lar, there were two subjects with a fructosamine level
of 4.36 and 3.57 mmol/1 even after repeat analysis, for
which no explanation could be found.

New reference ranges (as mean+2SD or
2.5-97.5%) for the elderly were then calculated after
excluding the subjects with diabetes and IGT, and
were 5.74-9.34% for HbA,, 1.64-2.29 mmol/1 for fruc-
tosamine and 1.57-2.20 mmol/1 for corrected fructos-
amine. If these reference ranges are used, then there
will be fewer false positives, but the sensitivity falls
(Table 4).

The mean fasting glucose level in diabetic subjects
was significantly different to that in normal subjects:
6.73+£2.62 and 4.84+0.71 mmol/l; mean difference
1.89 (95% CI 0.98 to 2.81), p <0.001. Similarly a signif-
icant difference was observed between the IGT and the
normal group: 541%1.15 and 4.84+0.71 mmol/I;
mean difference 0.57 (95% CI —0.02 to 1.11), p <0.05.
No significant difference in the fasting blood glucose
level was observed between those with diabetes melli-
tus and IGT. Significant correlations between fasting
and 1-h values, fasting and 2-h values, 1- and 2-h val-
ues, were seen: r=0.698, p<0.001; r=0.675, p<
0.001; r=0.793, p <0.001 respectively.

However despite these findings, the fasting plasma
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glucose is not diagnostic of diabetes in this group of
subjects who underwent OGT, if the standard criteria
of 7.8 mmol/1 (NDDG or WHO) is used.

Discussion

When assessing glucose tolerance in any population,
but particularly the elderly, it is essential to ensure that
the subjects have an adequate carbohydrate intake and
activity level. Our sample can be considered represen-
tative of the elderly population of Hong Kong in this
respect. Thus in another cohort study of 1000 elderly
subjects living with relatives or friends, their dietary in-
take was found to be similar (carbohydrates constitut-
ing about 65% of energy intake) (SC Ho et al; unpub-
lished data); and the mean BMI was 22.7 +4.2 m/kg?
(60-70 years) and 21.5+53 m/kg? (70-80 years),
(M. Arumanayagam et al.; unpublished data). Their so-
cioeconomic background can also be considered repre-
sentative of at least half of the elderly population in
Hong Kong, as 96% belonged or had belonged to oc-
cupational group 7 (Hong Kong Census) - production
and related workers, labourers, drivers, and 50% of the
working population belonged to this group [18].

The prevalence of diabetes mellitus is lower in
South East Asia (1-4%) [19] compared to Europe and
the USA (5-10%) [17]. The prevalence in Hong Kong
Chinese is 3% in those over 40 years of age [19].

Our finding of an overall diabetes prevalence of
9.8% in Hong Kong Chinese over 60, increasing to
17.1% in those over 75 therefore conforms to the cur-
rent well recorded general experience that the preva-
lence rises with age [20]. Prevalence figures for Cauca-
sians vary, depending partly upon criteria and condi-
tions used, but figures of up to 50% have been reported
[2, 21] (e.g. in Finland 36-38% [21]. Lower prevalence
figures are also reported including 8% for known dia-
betes in American subjects aged over 64 years [22, 23],
17% in White Americans and 25% in Black Americans
aged 65-74 [24] and 10% for Danish subjects aged 70
[7]. Thus the prevalence in Hong Kong Chinese is com-
parable with the lower estimates of prevalence in non-
Chinese populations.

Many elderly diabetic subjects remain undiagnosed
but would meet the updated NDDG criteria for diabe-
tes. It is estimated that 2 million Americans aged 65 or
over have undiagnosed diabetes, compared with a sim-
ilar number in whom the diagnosis is established [25].
In our study 33 of 42 diabetic subjects were not previ-
ously diagnosed. Although the natural history of the
disease in the elderly remains poorly documented, evi-
dence does exist suggesting that diabetes developing in
old age is associated with increased morbidity and
mortality from cardiovascular causes. Agner et al. [7]
have shown, for example, that diabetic subjects detect-
ed by screening at age 70 show excess mortality com-
pared with non-diabetic subjects in the ensuing de-
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cade. Thus, with such high prevalence rates, screening
for diabetes may be a worthwhile measure.

Obesity has been shown to be associated with the
increasing prevalence of diabetes mellitus among the
elderly [26]. In our study, we also found a higher per-
centage of overweight and obese subjects among the
diabetic group; and unlike the Finnish study [21], the
mean body mass index among diabetic subjects is
higher than that for non-diabetic subjects. However,
the body mass index in our elderly diabetic subjects is
similar to that in Finland, where the prevalence is over
3-fold higher. This suggests that risk factors othér than
an increased body mass index explain the different
prevalence in these two populations.

At present, the oral glucose tolerance test is accept-
ed as a standard in the diagnosis of diabetes mellitus.
However, many elderly people dislike repeated vene-
punctures, and the OGTT is impracticable for routine
screening of large populations. The development of es-
timation of nonenzymatic glycosylation of proteins as
an assessment of hyperglycaemia (HbA;, and fructos-
amine) provides possible alternative methods of
screening [8, 11]. The advantage of HbA, estimation is
that it reflects the average prevailing blood glucose lev-
el, and only a single blood specimen is required. How-
ever it is more expensive than glucose estimation, and
may be affected by factors such as renal failure and
haemoglobinopathies. The latter is particularly rele-
vant in our community due to the relatively high prev-
alence of certain haemoglobinopathies [27]. Although
cost-risk-benefit evaluation suggests that HbA, estima-
tion is inferior to a three sample OGTT [10] and that
HbA, is within the reference range in many patients
with newly developed diabetes or other minor abnor-
malities of glucose tolerance [12] it has proved superior
to casual blood glucose determination [28].

By contrast, fructosamine estimation is much
cheaper than HbA, or plasma glucose estimation, and
is a fully automated procedure. It is also not affected
by uraemia unless associated with a serum albumin of
less than 30 g/1. However, it appears to be even less re-
liable in the detection of subjects with IGT [11]. Most
reports on fructosamine evaluate its use in the moni-
toring of diabetic control [29, 30] and there are few re-
ports of its sensitivity and specificity in screening in the
elderly.

To date there are few studies comparing the sensi-
tivities of these screening methods [31]. Our results
show that both HbA; and fructosamine together are
superior to random blood glucose in the screening for
diabetes in the elderly, but not more sensitive than gly-
cosuria. HbA, is a more sensitive test for detecting IgT,
while fructosamine is no better than random glucose
estimation or the presence of glycosuria.

The number of abnormal HbA; and/or fructos-
amine values among subjects with a normal OGTT is
significantly higher than that for glycosuria. One ex-
planation is that the reference ranges for a population
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consisting of many younger subjects is inappropriate
for the elderly, and previous reports have shown that
HbA,c rises with age [4, 26]. If the reference range ob-
tained from our non-diabetic elderly population is
used, the number of “false positives” decreases, but the
decrease is not statistically significant. Interestingly the
normal range of HbA; remains high even when sub-
jects with abnormal OGTT have been excluded, and
therefore cannot be entirely explained by the increas-
ing prevalence of diabetes with age, as assessed by
plasma glucose measurement or OGTT.

It is possible, although unlikely, that subjects with-
out glycosuria, with a random glucose <7.8 mmol/1
and normal HbA;, and fructosamine levels may have
an abnormal OGT. This question has not been directly
addressed in this study. However, in a separate study
in which 124 siblings (aged 30-60) of known diabetic
patients have been screened using the same criteria, 3
of the 28 diabetic patients detected by screening OGTT
had a normal HbA; and fructosamine (C.S.Cockram,
unpublished observations). Thus if one extrapolates
these results to the present study 11% of the diabetic
subjects may have been missed (assuming also that the
other screening tests were not positive). In this event,
the diabetes prevalence would increase from 9.8% to a
maximum of 10.9%. However a greater number of sub-
jects with IGT (8 of 14=57%) were found to have nor-
mal HbA, and fructosamine and since these subjects
are also more likely to have a random blood glucose
< 7.8 and no glycosuria it is possible that the present
study underestimates the true prevalence of IGT by as
much as 55%.

In the group of patients in whom OGT was per-
formed, the fasting plasma glucose alone is not a diag-
nosis of diabetes, using the value of 7.8 mmol/1 sug-
gested by the NDDG or WHO. Thus it does not
appear to be superior to a single random plasma glu-
cose measurement. The question arises whether this
value is applicable to the local Chinese population.
Further studies are in progress to address this issue.
Follow-up of these subjects in future will be helpful in
determining the useful cut-off value for the various
tests. A longer term follow-up, for example over
10 years, may give more information to allow compari-
son of OGT, HbA, or fructosamine as predictors of fu-
ture complications related to diabetes.
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