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Abstract Aims/hypothesis: We examined the prevalence
of islet autoantibodies and their relationship to glycaemic
control over 10 years in patients diagnosed clinically with
new-onset type 2 diabetes. Methods: Patient clinical char-
acteristics and autoantibody status were determined at en-
try to the UK Prospective Diabetes Study (UKPDS) before
randomisation to different glucose control policies. Pa-
tients were followed for 10 years. Results: Data available
on 4,545 of the 5,102 UKPDS patients showed that 11.6%
had antibodies to at least one of three antigens: islet cell

cytoplasm, glutamic acid decarboxylase and islet auto-
antibody 2A (IA-2A). Autoantibody-positive patients were
younger, more often Caucasian and leaner, with lower beta
cell function and higher insulin sensitivity than autoanti-
body-negative patients. They also had higher HbA1c, and
HDL-cholesterol levels, and lower blood pressure, total
cholesterol and plasma triglyceride levels. Despite relative
hyperglycaemia, autoantibody-positive patients were less
likely to have the metabolic syndrome (as defined by the
National Cholesterol Education Program Adult Treatment
Program III), reflecting a more beneficial overall risk factor
profile. Of 3,867 patients with post-dietary run-in fasting
plasma glucose (FPG) values between 6.0 and 14.9 mmol/l
and no hyperglycaemic symptoms, 9.4% were autoanti-
body-positive, compared with 25.1% of 678 patients with
FPG values of 15.0 mmol/l or higher, or hyperglycaemic
symptoms. In both groups, no differences were seen be-
tween those with and without autoantibodies in changes to
HbA1c over time, but autoantibody-positive patients re-
quired insulin treatment earlier, irrespective of the allocated
therapy (p<0.0001). Conclusions/interpretation: Auto-
antibody-positive patients can be treated initially with
sulphonylurea, but are likely to require insulin earlier than
autoantibody-negative patients.
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Introduction

Type 2 diabetes is a heterogeneous disorder. In northern
European populations, for example, 9–12% of adults clini-
cally diagnosed with type 2 diabetes have a phenotype
similar to that of classical type 1 diabetes and immunosero-
logical markers of autoimmune beta cell damage [1, 2]. This
percentage is higher in younger patients. In patients with
newly diagnosed type 2 diabetes, recruited into the United
Kingdom Prospective Diabetes Study (UKPDS), 35% of
those aged 25–34 years had islet cell cytoplasm antibodies
(ICA) and/or autoantibodies to glutamic acid decarboxylase
(GADA), compared with 2% in the 55- to 65-year age group
[3]. Autoantibody positivity was associated with relatively
poor glycaemic control and rapid progression to insulin
therapy, with 58% of UKPDS patients who were autoan-
tibody-positive (Ab+ve) requiring insulin on a clinical basis
within 6 years of diagnosis, regardless of age [3].

There is continued uncertainty concerning the clinical
relevance of islet autoantibody status in clinically diag-
nosed type 2 diabetes [4]. The UKPDS, which randomised
patients with newly diagnosed type 2 diabetes to different
glucose control modalities irrespective of islet autoantibody
status, provides an opportunity to examine objectively the
effect of autoantibody status on glycaemic response to ther-
apy and to assess the association between autoantibody sta-
tus and cardiovascular risk.

Subjects and methods

Patients The UKPDS was carried out according to the
Helsinki guidelines. All patients gave informed consent to
participation in the study and the protocol was approved by
the Research Ethics Committee in each of the 23 centres. A

total of 5,102 patients aged 25–65 years with type 2 diabetes
newly diagnosed by their general practitioner and a fasting
plasma glucose (FPG) higher than 6.0 mmol/l on two sub-
sequent occasions were recruited as described previously
[5]. Exclusion criteria included: (1) severe vascular disease
(myocardial infarction in the past year, current angina or
heart failure); (2) accelerated hypertension; (3) proliferative
or pre-proliferative retinopathy; (4) renal failure with plasma
creatinine higher than 175 mol/l; (5) other life-threatening
disease such as cancer; (6) an illness requiring systemic ste-
roids; (7) an occupation precluding insulin treatment; (8)
unfamiliarity with English; and (9) ketonuria greater than
3 mmol/l suggestive of type 1 diabetes.

All patients entered a 3- to 4-month dietary run-in pe-
riod, during which they were advised to take a diet con-
taining 50% carbohydrate, and with low saturated fat
content, moderately high fibre content, and a reduced total
energy content if obese. Of the 5,102 patients, 4,545 with
FPG levels of 6.0 mmol/l or higher after the dietary run-in
were included in the present study (Fig. 1). This meant that
149 subjects with FPG levels after the run-in period per-
sistently below 6.0 mmol/l and 408 overweight individuals
randomised initially to metformin were excluded.

Following the dietary run-in period, 3,867 of the 4,545
patients had FPG values between 6.0 and 14.9 mmol/l
without hyperglycaemic symptoms, of whom 696 (18%)
were randomised after an extended dietary run-in period
with a median duration of 2.0 [interquartile range (IQR)
1.0–3.5] years. They were randomised to a conventional
glucose control policy primarily with diet (n=1,138), or to
a more intensive glucose control therapy primarily with
sulphonylurea (n=1,573), or to insulin (n=1,156) therapy
(Fig. 1). The 678 patients whose FPG values remained at
or above 15.0 mmol/l or who had hyperglycaemic symp-
toms were allocated only to the more intensive glucose
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Fig. 1 Flow diagram showing
the 4,545 of the 5,102 UKPDS
patients studied here and their
randomised therapy allocations,
stratified by FPG values after
the dietary run-in
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control policy and randomised to sulphonylurea (n=393)
or insulin (n=285) therapy (Fig. 1). Baseline characteris-
tics for the randomised patient groups did not differ by
allocated therapy [6, 7]. Frequency of follow-up and crite-
ria for intensifying or changing therapy under the UKPDS
protocol have been published previously [5].

Methods ICA and GADA were measured as reported pre-
viously [3] on samples taken at or soon after diagnosis
of diabetes. Only 1.2% of samples were taken more than
2 years after diagnosis. ICA positivity was taken as five
JDF units or more, GADA positivity as 20 reference units
or more. The sensitivity and specificity of the assays for
the diagnosis of type 1 diabetes at these thresholds were 88
and 97% for ICA [8] and 75 and 100% for GADA under
the conditions of the JDF Combinatorial Autoantibody
Workshop of 1995 [9]. Plasma samples were subsequently
screened for islet autoantibody 2A (IA-2A) using a com-
bined radiobinding assay [10, 11]. The thresholds for posi-
tivity were determined from the 99th centile of control
subjects, and corresponded to one unit for IA-2A.

Fasting plasma glucose was measured in each UKPDS
centre, with a monthly quality assurance scheme showing
a coefficient of variation of less than 4%. HbA1c (normal
range 4.5–6.2%) and other biochemical measurements
were assayed as described previously [6, 12]. Homeostasis
model assessment (HOMA) was employed to derive es-
timates of beta cell function (%B) and insulin sensitivity
(%S) from simultaneous FPG and fasting plasma insulin
measurements at the end of the dietary run-in period [13],
using the HOMA2 calculator (http://www.dtu.ox.ac.uk) im-
plementation of the HOMA2 model [14]. Blood pressure
was measured with the patient seated, using an automated
Copal UA251 or Takeda sphygmomanometer. A Hawksley
random zero sphygmomanometer with a large cuff was
used if the circumference of the upper arm exceeded 33 cm
or if the patient was in atrial fibrillation [6].

Statistical analysis Autoantibody status was defined as
positive if any of ICA, GADA or IA-2A were positive.
Otherwise it was defined as negative. Patients were de-
fined as ‘requiring insulin’ in the UKPDS protocol if they
had FPG values above 15.0 mmol/l or hyperglycaemic
symptoms despite maximally tolerated sulphonylurea and
metformin. The presence of the metabolic syndrome was
determined using the National Cholesterol Education Pro-
gram Adult Treatment Program III (NCEP ATPIII) criteria
[15]. Statistical analyses were performed using SAS v8.2
(SAS Institute, Cary, NC, USA). Data are reported as
means (± standard deviation), geometric mean (one stan-
dard deviation interval), median (interquartile range) or
percentages. Change over time is reported as means (95%
CI). Comparisons between autoantibody status groups used
two-sample t-tests, or Wilcoxon signed-rank tests for non-
normally distributed data. Categorical comparisons used
the chi square test and odds ratios were calculated from
the contingency tables. The Breslow–Day test for homo-
geneity of odds ratios was used as appropriate. Compari-
sons between conventional and intensive blood glucose

control policies and autoantibody status groups used two-
way factorial ANOVA with non-normally distributed data
transformed to normality. Analyses in relation to therapy
were on an intention-to-treat basis. A Kaplan–Meier sur-
vival analysis of time to requiring insulin therapy according
to autoantibody status was carried out and relative risks
(RR) with 95% CIs estimated as hazard ratios from a pro-
portional hazards model. A conventional significance of
p<0.05 was used throughout.

Table 1 Demographic and clinical characteristics after dietary run-
in of 4,545 patients classified according to autoantibody status

Ab+ve Ab−ve p Value

Number (% of total) 526 (11.6%) 4,019 (88.4%)
Male [n (% of total)] 293 (56%) 2,437 (61%) 0.030
Ethnicity (%) <0.0001
WC 93 80
AC 2 8
IA 5 11
Other 0 1
Age (years) 48.2±10.8 52.7±8.4 <0.0001
Body weight (kg) 71±14.3 77±15.5 <0.0001
Smoking (%) 0.081
Current 35 35
Ex 30 34
Never 35 31
HbA1c (%) 7.4 (6.2–9.5) 6.9 (6.0–8.0) <0.0001
Fasting plasma glucose
(mmol/l)

9.7 (7.3–14.1) 8.2 (7.0–10.7) <0.0001

Systolic blood pressure
(mmHg)

129±18 136±19 <0.0001

Diastolic blood pressure
(mmHg)

80±10 83±10 <0.0001

Plasma insulin (pmol/l) 71 (38–131) 91 (52–158) <0.0001
HOMA2 %B (%) 43 (22–69) 56 (35–83) <0.0001
HOMA2 %S (%) 63 (44–93) 51 (37–73) <0.0001
Plasma total cholesterol
(mmol/l)

5.2±1.0 5.4±1.1 0.0030

Plasma LDL-cholesterol
(mmol/l)

3.4±1.1 3.5±1.0 0.21

Plasma HDL-cholesterol
(mmol/l)

1.10±0.26 1.07±0.24 0.014

Plasma triglycerides
(mmol/l)

1.3 (0.8–2.1) 1.5 (0.9–2.5) <0.0001

Proportion with
metabolic syndrome
(NCEP ATPIII definition)
[n (%)]

223 (42%) 2,365 (59%) <0.0001

Antibody status was defined as: positive=ICA ≥5 JDF units and/or
GADA levels ≥20 U/l and/or IA2A>1 U/l. Results are means±SD,
geometric mean (1 SD range) or median (interquartile range). When
correcting for multiple comparisons, p<0.0029 would be conven-
tionally significant at p<0.05
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Results

Patient characteristics Overall, 526 (11.6%) of the 4,545
patients studied were Ab+ve at diagnosis: 66 (1.5%) had
ICA alone, 272 (6.0%) had GADA alone, 12 (0.3%) had
IA-2A alone, 95 (2.1%) had ICA and GADA, three (0.1%)
had ICA and IA-2A, ten (0.2%) had GADA and IA-2A,
and 68 (1.5%) had all three antibodies.

When compared with Ab−ve patients (Table 1), those
who were Ab+ve were younger (p<0.0001) and tended to
be female, rather than male. They were also more frequent-
ly Caucasian (p<0.0001). After the dietary run-in period
Ab+ve patients were leaner (p<0.0001), with lower HOMA
%B (p<0.0001) and higher HOMA %S (p<0.0001). They
also had higher HbA1c (p<0.0001), and lower systolic
(p<0.0001) and diastolic (p<0.0001) blood pressure, plas-
ma cholesterol (p=0.0030) and plasma triglyceride levels
(p<0.0001). Ab+ve patients were less likely than Ab−ve
patients to have the metabolic syndrome (42 vs 59% re-
spectively, p<0.0001). Adjustment for age, sex and eth-
nicity did not alter the significance of these relationships.

Of the 3,867 patients with FPG values between 6.0 and
14.9 mmol/l and no hyperglycaemic symptoms following
the dietary run-in period, 9.4% were Ab+ve compared with
25.1% of the 678 patients with FPG values of 15.0 mmol/l
or higher, or hyperglycaemic symptoms. The odds ratio for
Ab+ve patients at diagnosis continuing to have FPG values
of 15.0 mmol/l or higher despite dietary intervention was

2.6 (95% CI 2.2–3.0). The proportion of Ab+ve patients
with the metabolic syndrome was the same for those
achieving FPG values between 6.0 and 14.9 mmol/l and
those with FPG values of 15.0 mmol/l or higher (43 vs 41%
respectively, p=0.31).

Response to blood glucose-lowering therapies Mean
changes between baseline values following the dietary
run-in period and at 10 years are shown in Table 2 for 2,132
patients with data at both times, categorised according to
FPG values after the dietary run-in and antibody status. In
those with FPG values between 6.0 and 14.9 mmol/l and
no hyperglycaemic symptoms, Ab+ve patients gained more
weight (p=0.0023), and tended to have a greater rise in
plasma HDL-cholesterol. No differences were seen in
HbA1c, FPG, systolic blood pressure, LDL-cholesterol or
triglycerides. In those with FPG values of 15.0 mmol/l or
higher, or with hy-perglycaemic symptoms, Ab+ve patients
gainedmore weight (p=0.0017) but no other differences were
observed.

Figures 2 and 3 show the body weight and HbA1c over
10 years according to FPG values after the dietary run-in,
autoantibody status and randomised therapy. There was a
progressive rise in HbA1c in all therapies, with no inter-
action between autoantibody status and allocated therapy,
in those with FPG values after the dietary run-in of 6.0–
14.9 mmol/l or 15.0 mmol/l or higher (p=0.42 and p=0.33
respectively).

Table 2 Baseline (following dietary run-in) and mean (95% CI) changes in variables at 10 years from randomisation in patients with data at
both times, classified according to FPG values after the dietary run-in and autoantibody status

FPG, after dietary run-in: 6.0–14.9 mmol/l FPG, after dietary run-in: ≥15.0 mmol/l or
hyperglycaemic symptoms

Baseline Ab+ve Ab−ve p Value Baseline Ab+ve Ab−ve p Value

Number at baseline 3,867 362 3,505 0.26 678 164 514 0.22
Number with cohort
data (%)

186
(51%)

1,618
(46%)

91 (56%) 237
(46%)

Weight (kg) 77±15 6.8
(5.7 to 7.8)

5.0
(4.6 to 5.4)

0.0023 72±16 11.2
(9.3 to 13.1)

7.7
(6.6 to 8.9)

0.0017

HbA1c (%) 6.8
(5.9 to 7.9)

1.6
(1.2 to 2.0)

1.3
(1.2 to 1.4)

0.076 8.6
(10.1 to 11.6)

−2.0
(−2.7 to −1.2)

−1.4
(−1.9 to −1.0)

0.24

Fasting plasma
glucose (mmol/l)

7.9
(6.8 to 9.7)

0.8
(0.1 to 1.4)

0.9
(0.7 to 1.1)

0.63 15.8
(13.8 to 17.7)

−7.5
(−8.7 to −6.3)

−6.5
(−7.1 to −5.8)

0.10

Systolic blood
pressure (mmHg)

135±19 3.4
(0.8 to 5.9)

3.3
(2.3 to 4.3)

0.96 135±20 3.4
(−0.14 to 6.9)

2.6
(−0.20 to 5.4)

0.76

Total cholesterol
(mmol/l)

5.4±1.1 0.02
(−0.13 to 0.16)

−0.04
(−0.09 to 0.01)

0.50 5.6±1.2 0.44
(−0.79 to −0.09)

0.45−
(−0.63 to −0.27)

0.90

LDL-cholesterol
(mmol/l)

3.5±0.99 0.02
(−0.12 to 0.17)

−0.03
(−0.08 to 0.02)

0.51 3.7±1.2 −0.45
(−0.79 to −0.11)

−0.49
(−0.67 to −0.30)

0.84

HDL-cholesterol
(mmol/l)

1.07±0.24 0.09
(0.04 to 0.13)

0.03
(0.01 to 0.04)

0.012 1.11±0.27 0.19
(0.08 to 0.30)

0.05
(−0.03 to 0.14)

0.79

Triglycerides
(mmol/l)

1.5
(0.92 to 2.5)

−0.02
(−0.15 to 0.10)

0.07
(−0.01 to 0.16)

0.46 1.6
(0.95 to 2.7)

−0.22
(−0.53 to 0.10)

−0.34
(0.55 to −0.13)

0.53

Antibody status was defined as: positive=ICA≥5 JDF units and/or GADA levels ≥20 U/l and/or IA2A>1 U/l. When correcting for multiple
comparisons, p<0.00625 would be conventionally significant at p<0.05
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Figure 4 shows a Kaplan–Meier analysis of time to re-
quiring insulin therapy after randomisation to diet or sulph-
onylurea therapy, according to autoantibody status. Ab+ve
patients more rapidly became insulin-requiring than those
who were Ab−ve, irrespective of FPG values after the
dietary run-in or the allocated therapy for glycaemia. For
those with FPG values between 6.0 and 14.9 mmol/l the
RRs (95% CI) for Ab+ve compared with Ab−ve were
conventional treatment 2.8 (1.8–4.4), sulphonylurea 3.7
(2.8–4.9). The Ab+ve groups receiving conventional and
sulphonylurea treatment appeared to be significantly dif-
ferent (log rank p value 0.039), but this analysis is con-

founded by therapy allocation. The groups had similar
baseline characteristics and the difference in time to re-
quiring insulin reflects the protocol-driven therapy changes,
as patients allocated to conventional therapy were required
to pass through diet and sulphonylurea before being given
insulin therapy. For those with FPG values higher than 15.0
mmol/l and allocated to sulphonylurea, the RR (95%CI) for
Ab+ve compared with Ab−ve were 4.0 (2.9–5.6). The
proportion of patients with FPG values above 15.0 mmol/l
and requiring insulin therapy within 2 years was 60 and
15% for Ab+ve and Ab−ve patients respectively.

Fig. 2 Mean body weight (a) and median HbA1c values (b) over
10 years by randomised therapy allocation as indicated for Ab−ve
(open circles) and Ab+ve (closed circles) for patients in the

group with FPG values, after the dietary run-in, between 6.0 and
14.9 mmol/l and no hyperglycaemic symptoms

Fig. 3 Mean body weight
(a) and median HbA1c values
(b) over 10 years by randomised
therapy allocation as indicated
for Ab−ve (open circles) and
Ab+ve (closed circles) for pa-
tients in the group with FPG
values, after the dietary run-in,
of 15 mmol/l or more, or
hyperglycaemic symptoms
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Discussion

Patients diagnosed clinically with type 2 diabetes but with
islet autoantibodies have an increased likelihood of early
progression to insulin treatment [16, 17]. This was con-
firmed in a previous UKPDS report, which reviewed the
6-year follow-up of 1,870 patients who had not been
assigned to insulin therapy [3]. The present study substan-
tially extends these findings by analysing data from a larger
cohort of UKPDS patients (4,545 of 5,102), including
those who were allocated to insulin, and by examining
glycaemic responses to randomised therapy over a 10-year
period from diagnosis of diabetes. ICA, GADA and IA-2A
measurements for this study were made with validated
assays [10, 11, 18].

The one in eight UKPDS patients who were Ab+ve had a
higher HbA1c value after the dietary run-in than the Ab−ve
patients. Autoantibody status, however, did not differen-
tially influence the glycaemic response to randomised
allocation to diet, sulphonylurea or insulin therapy over the
first 10 years from diagnosis in those patients achieving an
FPG value, after the dietary run-in, of 6.0–14.9 mmol/l
with no hyperglycaemic symptoms. Similarly in those with
an FPG value after the dietary run-in of 15.0 mmol/l or
more, or hyperglycaemic symptoms, the autoantibody sta-
tus did not influence the HbA1c response to randomised al-
location to sulphonylurea or insulin. In both groups, Ab+ve
compared with Ab−ve patients became insulin-requiring
more rapidly, regardless of whether they were allocated to
dietary or sulphonylurea therapy. This in turn may have
contributed to the greater weight gain seen in the Ab+ve
patients.

Compared with Ab−ve patients, Ab+ve subjects were
on average 4 years younger at diagnosis. Following the
dietary run-in period, they were 6 kg leaner and had a
0.5% higher median HbA1c value, lower beta cell function
and higher insulin sensitivity. They were also 2.6 times
more likely to fail to achieve FPG values, after the dietary
run-in, of less than 15.0 mmol/l. These findings are con-
sistent with those from the smaller UKPDS sample reported

previously, which identified age, BMI, antibody status and
beta cell function as important predictors of progression to
insulin therapy in patients with clinically diagnosed type 2
diabetes [3], as well as with those reported by Hosszufalusi
et al [19].

The need to strive for good glycaemic control in type 2
diabetes has been confirmed by the UKPDS, which showed
that more intensive blood glucose control reduced the risk
of microvascular disease [6]. In addition, epidemiological
analyses of UKPDS data demonstrated a continuous posi-
tive relationship between HbA1c and the risk of microvas-
cular and macrovascular complications [20]. The similar
HbA1c changes over time in response to different random-
ised therapies, irrespective of autoantibody status, demon-
strate that sulphonylurea therapy remains a viable initial
option in patients achieving FPG values lower than 15.0
mmol/l in response to initial dietary intervention, provided
that regular monitoring of glycaemic control guides the
need to introduce insulin therapy. Autoantibody status is
informative, particularly in patients who cannot achieve
FPG values of less than 15.0 mmol/l with dietary inter-
vention, since 60% of these Ab+ve patients became in-
sulin-requiring within 2 years of diagnosis when allocated
to sulphonylurea therapy.

There is evidence from UKPDS data [3] and other
studies [21] that the combination of ICA and GAD auto-
antibodies is a stronger indicator of insulin deficiency than
the presence of either autoantibody alone, especially in pa-
tients over the age of 45 years [3]. High-titre GADA may
also be predictive of early insulin requirement [21, 22]. In a
separate UKPDS report [23], knowledge of IA-2A status
did not improve prediction of early insulin use relative to
predictability when ICA and GADA assay results were
available. In the patients studied here, those with dual or
triple autoantibody positivity who failed to achieve FPG
values, after the dietary run-in, of less than 15.0 mmol/l had
similar median FPG and HbA1c profiles over 10 years,
irrespective of whether they were randomised to sulpho-
nylurea or to insulin therapy (data not shown).

Fig. 4 Kaplan–Meier plots of the proportion of patients randomised
to conventional glucose control, or intensive glucose control with
sulphonylurea, who became insulin-requiring according to clini-
cal criteria during the first 10 years from diagnosis of diabetes.
a Patients with FPG, after the dietary run-in, of 6.0–14.9 mmol/l.

b Patients with FPG, after the dietary run-in, of 15.0 mmol/l or more.
Conventional Ab−ve (solid line); conventional Ab+ve (short dashes);
sulphonylurea Ab−ve (long dashes); sulphonylurea Ab+ve (dashes
and dots)
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Systolic blood pressure, LDL-cholesterol and HDL-
cholesterol are independent modifiable vascular risk fac-
tors in type 2 diabetes [24]. Cross-sectional studies have
shown that Ab+ve patients have a lower systolic blood
pressure than Ab−ve subjects [16, 25]. This may, as in the
present study, reflect a concomitantly lower BMI, since
systolic blood pressure was only lower in our more hyper-
glycaemic Ab+ve patients. A higher plasma LDL-choles-
terol has also been reported [16], but this was in a sample
of 17 ICA-positive patients and has not been confirmed in
other studies [22, 25] or in the present larger patient co-
hort. A higher plasma HDL-cholesterol [16, 25] and lower
plasma triglycerides [22, 25] have been associated with
autoantibody positivity as shown here. The contribution of
plasma triglyceride to vascular risk in diabetes is, however,
uncertain [24]. Despite their higher HbA1c, fewer Ab+ve
patients met the NCEP ATPIII criteria for the metabolic
syndrome, and this was consistent with their younger age,
leaner body mass, lower blood pressure and lower total to
HDL-cholesterol ratio relative to Ab−ve patients. This dif-
ference was observed also in those patients who were more
hyperglycaemic initially.

The present study has confirmed that positivity for
diabetes-related islet autoantibodies can be found in a signifi-
cant proportion of younger, newly diagnosed patients with
clinically defined type 2 diabetes. Although patients with
diabetes-related islet autoantibodies can be treated initially
with sulphonylurea, provided that glycaemic control is
monitored carefully, they are more likely to require insulin
at an earlier stage than antibody-negative patients.
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