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Summary. Plasma beta-thromboglobulin was meas-
ured, using the Edinburgh radioimmunoassay techni-
que and anticoagulant mixture (containing prosta-
glandin E1) in 61 normal subjects, 67 diabetics with
and 54 diabetics without microangiopathic complica-
tions. Plasma beta-thromboglobulin was significantly
higher in the diabetic patients (p < 0.01) but there
was no significant difference between the two dia-
betic groups. Twenty-six normal subjects, 27 dia-
betics with and 39 diabetics without complications
were studied further by measuring beta-thrombo-
globulin in four different ways using two different
radioimmunoassay techniques and two anticoagulant
mixtures (with and without prostaglandin E1). The
Edinburgh assay gave a value 1.97 times that
obtained with the Amersham assay, and the Edin-
burgh anticoagulant a value 0.78 times that with the
Amersham anticoagulant. Beta-thromboglobulin
concentration in the meniscus layer was approxi-
mately twice that in the middle layer. The lower beta-
thromboglobulin values obtained with the Edinburgh
anticoagulant may result from a different sampling
technique or from prevention of in vitro beta-throm-
boglobulin release, after venepuncture, by prosta-
glandin E1. Abnormal platelet behaviour in diabetes
was confirmed although its role in the pathogenesis
of microangiopathic complications remains unclear.

Key words: Plasma beta-thromboglobulin, radioim-
munoassay technique, prostaglandin E1 anticoagu-
lant, plasma layer, diabetic microangiopathy, dia-
betes mellitus.

Despite intensive research the precise pathogenesis
of the specific microangiopathic complications of
diabetes mellitus remains obscure [1]. However, it
seems clear that multiple factors are involved and,

amongst these, abnormalities of platelet function
may be of considerable importance [1-3].

In 1975 a platelet specific protein released during
platelet aggregation was isolated and named beta-
thromboglobulin (8TG) [4]. A highly sensitive
radioimmunoassay has been developed for its meas-
urement in biological fluids [5] and a commercial
radioimmunoassay kit (Thromboglobulin RIA Kkit,
Radiochemical Centre, Amersham) is now available.
Although no biological function has yet been
ascribed to BTG it has been shown to be elevated in
certain thromboembolic states [6-9]. Recent studies
of the relationship between plasma BTG levels and
microangiopathic complications of diabetes have
produced inconsistent results [10-12].

Two technical differences in obtaining the plasma
sample were noted between the above studies. The
anticoagulant mixture used in Edinburgh [10]
included prostaglanding E1 (a potent platelet anti-
aggregating agent) whereas the subsequent Sheffield
[11] and Oxford [12] studies used the Amersham kit
from which prostaglandin was omitted. This led to
the suggestion that plasma STG may be normal in
most diabetic patients, the recorded increases [11,
12] being the result of in vitro BTG release after
venesection, and that a potential platelet hypersen-
sitivity may exist in diabetes which is blocked in the
presence of prostaglandin E1 [13]. The second varia-
tion concerns the fraction of plasma taken for assay.
After centrifugation of the blood samples users of the
Amersham kit are recommended to remove the top
0.5ml of the plasma (meniscus layer) for assay
whereas with the Edinburgh technique the same vol-
ume is removed from the middle layer. It has been
found that platelets may be trapped at the meniscus
and result in an elevated STG concentration in this
layer [14].

We have studied three groups of subjects (non-
diabetic controls and diabetics with and without mi-
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Table 1. Details of subjects in whom plasma S-thromboglobulin was measured using the Edinburgh anticoagulant and Edinburgh assay

Subjects Age Sex Duration of Plasma f-throm-
Mean + SD % Male diabetes Treatment boglobulin

Median and range Median and
(Years) Insulin Oral agents Diet alone  range (ng/ml)

Normal subjects 34+£14 60.7 - - - - 32

(n = 61) (15-120)

Total diabetics 55+ 15 50.4 14 71 39 11 442

(n = 121) (045) (11-923)

Diabetics without

complications 56 £ 15 53.7 8 20 23 11 47

(n = 54) (0-37) (11-923)

Diabetics with

complications 54 £ 15 47.8 19 51 16 0 42b

(n=67) (4—45) (13-488)

& p < 0.01 when compared with controls
b p not significant when compared with uncomplicated diabetics
Wilcoxon Rank Sum test

croangiopathic complications) and measured TG
concentrations, on simultaneous blood samples, in
four ways by using the different anticoagulant and
assay techniques available. Furthermore, we have
assessed the contribution of the meniscus layer to
variation between assays.

Patients and Methods

Three groups of subjects were studied; [1] 61 normal subjects; [2]
54 diabetic patients without retinopathy and clinical or biochemi-
cal evidence of nephropathy; [3] 67 diabetic patients with signifi-
cant retinopathy of whom 16 had evidence of nephropathy. Sig-
nificant retinopathy was defined as greater than 4 microaneurysms
per fundus. Nineteen patients had background retinopathy of mild
or moderate severity and 48 patients either very extensive back-
ground retinopathy or proliferative retinopathy. The age, sex,
duration of diabetes and treatment of the patients are shown in
Table 1. None of the subjects studied were receiving medications
known to interfere with platelet function.

Venous samples (2.7 ml) were withdrawn without stasis into
polypropylene syringes, and transferred immediately to a silicon-
ised glass tube containing the platelet release inhibitors edetic acid
(EDTA), prostaglandin E1 and theophylline (Edinburgh anticoa-
gulant). The tubes were centrifuged at 1900 g for one hour at 0°C
as previously described [5]. The middle third of the platelet poor
plasma was removed for radioimmunoassay of BTG as described
by Bolton et al. (Edinburgh assay) [15]. In all cases simultaneous
venous plasma glucose concentrations were estimated and in 46
diabetics total glycosylated haemoglobin (HbA;) was also meas-
ured [16].

Ninety-two patients (26 normal subjects, 39 diabetics without
and 27 diabetics with complications) were studied further by
measuring STG levels on simultaneous venous blood samples by
four different techniques; [1] Edinburgh anticoagulant and Edin-
burgh assay, [2] Edinburgh anticoagulant and Amersham radioim-
munoassay kit, [3] Amersham anticoagulant (EDTA and
theophylline but no prostaglandin E1 in a plastic tube) and Edin-
burgh assay, [4] Amersham anticoagulant and Amersham assay.

In addition, blood samples were taken into Amersham tubes
from 24 controls and 24 diabetic patients. After centrifugation of
the sample, 0.1 mi of the meniscus layer, 0.5 ml of the middle layer
and 0.1 ml of the deep liquid layer were taken for STG assay by
the Edinburgh method.

Statistical Methods

The measured variables did not have a normal distribution and the
data is therefore expressed as median and range. The significance
of difference between groups was assessed by the Wilcoxon Rank
Sum test.

An analysis of variance was carried out on the logarithms of the
four values measured by different methods on each of the 92 sam-
ples. Logarithms were used because examination of the data meas-
ured by each pair of methods suggested that differences in meas-
urement values between methods were likely to be proportional
rather than independent of the values themselves. The differences
in overall mean value for the two anticoagulants and two assays in
this analysis were converted (by taking antilogs) to estimates of the
multiplicative factors by which the two methods differ. Confidence
limits were placed on these estimates. A similar analysis of var-
iance was carried out on the measurement of STG concentrations
in the meniscus, middle and deep layers of the samples.

Results

The median and range of STG concentrations in the
three groups studied using the Edinburgh anticoagu-
lant and the Edinburgh assay is shown in Table 1 and
the individual values are depicted in Figure 1. The
plasma STG concentrations were significantly higher
in the diabetic patients than in the normal subjects
(p < 0.01). However, there was no significant differ-
ence between the BTG levels of diabetics with and
without complications. There was no correlation be-
tween the BTG concentrations and the age, sex,
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duration of diabetes, treatment, simultaneous plasma
glucose or HbA, levels.

The median and range of TG levels obtained by
the 4 different measurement techniques is shown in
Table 2. There was a significant difference in the
BTG levels between non-diabetic and diabetic
groups by all 4 methods but again no significant dif-
ference between diabetics with and without compli-
cations.

The results of the analysis of variance on the 4
measured values in each of the 92 samples is shown
in Table 3. There was no significant interaction be-
tween assays, anticoagulant and patient type (diabe-
tic or normal). This indicates that the data is consis-
tent with a model in which the assay and anticoagul-
ant used have independent multiplicative effects on
the expected measurement values, these effects also
being independent of patient type. The variance ratio
for samples within patient types shows that a highly
significant difference exists in TG values between
different patients of the same type as well as between
diabetics and normal subjects.

It was estimated that, on average, the Edinburgh
assay will give a value that is 1.97 times that for the
Amersham assay (95% confidence limits, 1.85 and
2.09) and that use of the Edinburgh anticoagulant
will give a value that is 0.78 times that when the
Amersham anticoagulant is used (0.73 and 0.83).
The fit to the data of these estimates is exemplified
by the broken line in Figure 2 which shows the rela-
tionship expected when the factor of 1.97 (a constant
difference of 0.294 on the logarithmic scale) is
applied to the data using the Edinburgh anticoa-
gulant.
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Fig. 1. Plasma j3-thromboglobulin concentrations (Edinburgh anti-
coagulant and Edinburgh assay) in diabetic patients, with and
without complications, and normal subjects. The horizontal bars
represent median values

Table 2. Plasma f-thromboglobulin concentrations in diabetic patients and normal subjects measured by 4 different techniques (median

and range ng/ml)

Subjects Edinburgh assay Amersham assay

Edinburgh anticoagulant Amersham anticoagulant Edinburgh anticoagulant ~Amersham anticoagulant
Normal subjects 35 43 22 30
(n = 26) (18-200) (20-195) (<10-85) (10-88) L

p<0.001 p<0.001 > p<0.005 p<0.001

Total diabetics 55 81 32 41
(n=66) (16-923) (25-1114) (10-218) (10-218)
Diabetics without 51 88 32 40
complications (16-923) (25-1114) (10-218) L (10-218)
(n=39) NS NS NS ~ NS
Diabetics with 61 78 36 42
complications (32-488) (31-480) (10-114) (17-141)
(n=27)

Wilcoxon Rank Sum test
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Fig. 2. Plot of plasma S-thromboglobulin values obtained using
Edinburgh anticoagulant with the two different assays (logarithmic
scale) for non-diabetic (O) and diabetic (@) patients. The solid
line shows identity between the two assays and the broken line the
mean relationship estimated from the analysis of variance

Table 3. Analysis of variance of the logarithms of B-thrombo-
globulin as measured by four methods on samples from 66 diabetic
patients and 26 normal subjects

Source of variation Sum of Degrees of Mean Variance
squares freedom  variance ratio

Type of patient 3.637 1 3.637 192.53%
Samples within

types 20.599 90 0.229 12.10°
Assay 7.954 1 7.954 420.66"
Tube 1.120 1 1.120 59.21%
Type X assay 0.039 1 0.039 2.08
Type X tube 0.007 1 0.007 0.38
Assay X tube 0.014 1 0.014 0.74
Type X assay X

tube 0.012 1 0.012 0.63
Residual 5.105 270 0.019

Total 38.487 367

2p<0.001
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Differences between the logarithms of the STG
concentrations in the meniscus, middle and deep lay-
ers of plasma samples from 24 normal controls and
24 diabetic patients are shown in Table 4. The menis-
cus layer yielded on average a TG value approxi-
mately twice that obtained from the middle layer,
and the diabetics were significantly more variable
than the normals in the proportional difference be-
tween these two layers. The mean log difference be-
tween the middle and deep layers, however, was not
significant.

Discussion

The finding of elevated plasma STG concentrations
in diabetics supports the reports from Sheffield [11]
and Oxford [12] although it contrasts with a previous
study in Edinburgh [10] which showed no significant
difference in BTG levels betwen normal subjects and
diabetic patients with complications. This latter study
is subject to statistical criticism. The difference in age
between the diabetic patients (55 = 15 years) and the
normal subjects (34 + 14 years) does not account for
our findings since Dewar et al. [17] found no signifi-
cant increase in plasma TG with age throughout the
range we have studied. No significant difference was
found in BTG concentrations between diabetics with
and without microangiopathic complications. This
differs from two previous reports [11, 12], although
the Oxford workers found that there was no correla-
tion between the degree of BTG elevation and the
severity of complications (retinopathy, neuropathy
and large vessel disease).

By measuring STG by four different techniques
we have shown that the anticoagulant and the assay
used have independent effects on the expected val-
ues. The lower BTG values obtained using the Edin-
burgh anticoagulant may result from prevention of in
vitro TG release, after venepuncture, by the pre-
sence of prostaglandin E1. However, as the above
factors are independent of patient type this must
occur in both diabetics and normal subjects, rather
than in diabetics alone as previously suggested [13].

Table 4. Analysis of differences of the logarithms of f-thromboglobulin between plasma layers from 24 diabetic patients and 24 normal

subjects
Plasma layers Normal subjects Diabetics F t Estimate and 95%
Mean (SD) Mean (SD) confidence interval for
proportional difference
Meniscus — middle 0.29 (0.15) 0.39 (0.23) 2.29° 1.73 2.19 (1.68, 2.85)
Middle — deep 0.09 (0.18) 0.07 (0.18) 1.07 0.47 1.20 (0.95, 1.53)
Deep — meniscus —~0.38 (0.19) - 0.32 (0.26) 1.93 0.94 0.44 (0.33, 0.60)

2p <0.05
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Perhaps more important is the effect of sampling
from the meniscus layer since this not only increases
the BTG concentration measured, but may also
introduce an extraneous source of variation between
normal and patient samples.

The lack of a significant difference in STG values
between the two diabetic groups suggests that raised
levels in diabetics are not secondary to the develop-
ment of microangiopathic complications. This is sup-
ported by the finding of elevated STG levels in newly
diagnosed insulin independent diabetics which fell
once plasma glucose control was achieved [11]. This
suggests that metabolic disturbance may be respon-
sible for the elevation of BTG in diabetics either by
directly affecting function or endothelial interactions
of platelets. Although we found no correlation be-
tween STG and simultaneous HbA; and plasma glu-
cose, fluctuations in other metabolites such as lipids
may result in elevated STG levels. Abnormally high
plasma cholesterol and triglyceride concentrations
have been reported in two uncomplicated diabetic
patients with elevated STG levels (126 and 146 ng/
ml) [12]. Other possible sources of raised TG con-
centrations in diabetics include an increased platelet
turnover, a primary platelet defect or vascular
endothelial damage.

Our study adds weight to the already consider-
able evidence in favour of abnormal platelet
behaviour in diabetes. However, definitive evidence
for the importance of abnormal platelet function in
the pathogenesis of diabetic microangiopathy has yet
to be provided.
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