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Abstract. To clarify the utility of islet cell antibodies
(ICA) to correctly classify and predict insulin treatment
in newly diagnosed diabetic subjects, ICA, body mass
index (BMI), glycated hemoglobin (HbA ), and fasting
plasma C-peptide values were evaluated at and 3 years
after diagnosis in 233 new, consecutively diagnosed,
adult diabetic patients classified as obese or nonobese
(National Diabetes Data Group, NDDG criteria).
Among the 233 patients, 31 were nonobese ICA-positive
(mean age at diagnosis 43 + 3 years), 55 nonobese ICA-
negative (mean age at diagnosis 5842 years), 7 obese
ICA-positive (mean age at diagnosis 5745 years), and
139 obese ICA-negative (mean age at diagnosis 58+ 1
years). Fasting C-peptide decreased (P < 0.05) in nonobese
ICA-positive patients who after 3 years showed lower
BMI (22.6 + 0.6 versus 24.5+0.4; P <0.05), lower fasting
C-peptide (0.1440.06 nmol/! versus 0.71 +0.07 nmol/L;
P<0.001), and higher frequency of insulin treatment
[28/31 (90%) wversus 6/45 (13%); P<0.001] than
nonobese ICA-negative patients. In obese ICA-positive
patients, fasting C-peptide also decreased (A C-peptide
0.1740.04 nmol/i; P<0.05) after diagnosis, and 3 years
after diagnosis, obese ICA-positive patients showed low-
er BMI (25.7 £ 1.2 versus 29.8 1 0.4; P<0.01) and fasting
C-peptide (0.08 +0.04 nmol/l versus 1.06+0.05 nmol/l;
P<0.001) and higher HbA,, values (9.92% +0.68%
versus 7.39% +0.21%; P<0.01) and a higher frequency
of insulin treatment [7/7 (100%) versus 5/121 (4%);
P <0.001] than obese ICA-negative patients. Therefore,
ICA detected at diagnosis of diabetes in both obese and
nonobese adult patients indicate B-cell dysfunction, high
HbA |, levels, and progression to insulin dependency.
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Introduction

The diagnosis of type 2 (non-insulin-dependent) diabetes
mellitus in adult patients is mostly based upon clinical
criteria such as mature age and obesity [1]. Type 1 dia-
betes may occur in elderly subjects [2, 3], however, and
not all type 2 diabetic patients are obese [2, 4]. According-
ly, one of every four newly diagnosed adult diabetic pa-
tients may be misclassified [3, 6]. The WHO classification
of diabetes distinguishes two forms of type 2 diabetes
(with and without obesity [7]), but the diagnosis of type
2 diabetes is also complicated by the fact that an autoim-
mune subtype of type 2 diabetes featuring islet cell anti-
bodies (ICA) has been described [8, 9]. ICA have been
detected in 10%-23% of adult patients classified as
type 2 diabetic [10-16] and are associated with progres-
sive B-cell dysfunction [14, 17, 18] and insulin dependency
[10—-14, 18]. Type 2 diabetic patients with ICA at diagno-
sis often have a low body mass index (BMI) [14, 15, 18],
but ICA may be detected in obese diabetic patients exam-
ined up to 2 years after diagnosis [11]. The role of ICA at
diagnosis of type 2 diabetes in obese subjects is not well
established, however.

To clarify the clinical utility of ICA to establish the
correct type of diabetes and, consequently, to facilitate
the institution of correct treatment in newly diagnosed
adult diabetic subjects, I[CA and the degree of obesity
were assessed at diagnosis of diabetes in 233 adult pa-
tients followed prospectively for 3 years. The aims of the
current study were to relate [CA and obesity at diagnosis
of diabetes to impairment in f-cell function and the need
for insulin treatment 3 years thereafter, when the true
type of diabetes should be evident.

Materials and methods

Subjects

Between September 1985 and August 1987, all new, consecutively
diagnosed, adult (=15 years of age) diabetic patients [n=233, 24
(10%) 15—34 years of age] in the city of Malmé (230056 inhabi-
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tants, 197848 > 15 years of age 1986), Sweden, were tested for ICA
[15, 18]. BMI at diagnosis was used to classify the patients as obese
or nonobese according to the National Diabetes Data Group (ND-
DQG) criteria (BMI > 27 kg/m? in men and BMI > 25 kg/m? in women
defines obesity [19)]. The 233 patients could be divided into four
groups: 31 nonobese ICA-positive patients (mean age at diagnosis
43+ 3 years), 55 nonobese ICA-negative patients (mean age at diag-
nosis 58 +2 years), 7 obese ICA-positive patients (mean age at diag-
nosis 57 + 5 years), and 139 obese ICA-negative patients (mcan age at
diagnosis 58+ 1 years); BMI was missing in one ICA-negative pa-
tient. Three years after the initial diagnosis and classification, the type
of treatment could be established in 204/212 (96%) of the surviving
patients and related to current BMI, glycated hemoglobin (HbA, )
and fasting C-peptide values, as well as to the initial classification and
test results. Patients were treated by experienced clinicians who, with-
out knowledge of the ICA and fasting C-peptide results, instituted
insulin when needed a judging from their clinical experience.

The study was approved by the Ethical Committee at the Uni-
versity of Lund, Sweden. Informed consent was obtained from all
subjects.

Analytical methods

BMI was calculated as weight in kilograms/(height in m)2. Treat-
ment and mortality data were obtained from the patient records.

Samples for HbA , and C-peptide determination were collected
in tubes with ethylene diamine tetra-acetic acide (EDTA). HbA
samples were kept at -+4°C until analysis by a high-performance
liquid chromatography method [20]. Reference values of healthy
individuals were 3.90% —5.30%. The intra-assay coefficient of vari-
ation was 1% and the interassay, 2%. Samples for fasting C-peptide
were centrifuged and kept at —20°C until assayed by radioim-
munoassay [21]. The lower detection limit was 0.10 nmol/l, and
intra- and interassay coefficients of variation were 7% and 9%,
respectively. Reference values were 0.25-0.75 nmol/l [22].

ICA were assayed by an indirect two-colour immunofluores-
cence test incubating patient sera with frozen sections of human
blood group “0” pancreas [23, 24]. ICA was quantified by diluting
sera until ICA could not be detected. Titers were converted to
Juvenile Diabetes Foundation (JDF) units, by a standard curve
based on the international JDF reference serum sample [25]. The
detection limit for the ICA assay was 3 JDF units for the pancreas
used.

Statistics

When testing group differences, the Kruskal-Wallis variance test
was conducted, and if significant, possible differences between two
groups were evaluated with the Mann-Whitney U-test. Differences
between two test occasions within groups were evaluated with the
Wilcoxon signed-rank test and differences in frequency, with the
chi-square test. All tests were two-tailed, and P<0.05 was consid-
ered significant. Results are presented as mean+ SEM.

Results
Nonobese patients

At diagnosis, nonobese ICA-positive patients (n=31)
were significantly younger (43+3 years versus 58+2
years; P<0.01), showed higher HbA (P <0.01; Fig. 1),
lower BMI (P < 0.01; Fig. 2), and lower fasting C-peptide
(P <0.001; Fig. 3) than nonobese ICA-negative patients
(n=55). Though fasting C-peptide decreased (A C-pep-
tide 0.10+0.05 nmol/l; P<0.05) and BMI was un-
changed during the first 3 years after diagnosis, HbA,
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Fig. 1. Glycosylated hemoglobin (HbA,,) at and 3 years after diag-
nosis in nonobese ICA-positive (&; n=31), nonobese ICA-negative
(0; n=155), obese ICA-positive (&; n=7), and obese ICA-negative
(O); n=139) patients. Box plots display the 10th, 25th, 50th, 75th,
and 90th percentiles
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Fig. 2. Body mass index (BMI) at and 3 years after diagnosis in
nonobese ICA-positive (#; n=31), nonobese ICA-negative ([J;
n=>55), obese ICA-positive (&, n="7), and obese ICA-negative ([J;
n=139) patients. Box plots display the 10th, 25th, 50th, 75th, and
90th percentiles
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Fig. 3. Fasting C-peptide at and 3 years after diagnosis in nonobese
ICA-positive (#; n=31), nonobese ICA-negative ((0; n=55), obese
ICA-positive (@; n=7), and obese ICA-negative ([1; n=139) pa-
tients. Box plots display the 10th, 25th, 50th, 75th, and 90th percen-
tiles
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improved significantly (A HbA,, 1.78%40.51%;
P <0.001) in nonobese ICA-positive patients and did not
differ from HbA,, in nonobese ICA-negative patients 3
years after diagnosis. Nonobese ICA-positive patients
showed a significantly (P<0.001) higher frequency of
insulin treatment than nonobese ICA-negative patients at
diagnosis [18/31 (58%) versus 7/55 (13%)], but this fre-
quency had increased further to 28/31 (90%) after 3
years, when the frequency of insulin treatment was still
low in ICA-negative patients [6/45 (13%)]. Five nonobese
ICA-positive patients lost ICA during the first 3 years
after diagnosis. In nonobese ICA-positive patients, ICA
levels at and 3 years after diagnosis were similar (60 +3
JDFU and 33+ 3 JDFU, respectively) and did not corre-
late with HbA ,_ or fasting C-peptide levels.

In nonobese ICA-negative patients, BMI, HbA, , and
fasting C-peptide were unchanged during the first 3 years
after diagnosis, and ICA did not develop in any patient.
In nonobese patients (all; n=_86), fasting C-peptide at
diagnosis correlated inversely (+—0.28;, P<0.05) with
HbA,, at diagnosis and directly (r=0.74; P<0.001) with
fasting C-peptide 3 years after diagnosis.

Obese patients

At diagnosis, obese ICA-positive patients (n="7) showed
significantly lower BMI (P <0.05; Fig.2) and fasting
C-peptide (P<0.001; Fig. 3) than obese ICA-negative
patients (n=139). BMI and HbA,, were unchanged
during the first 3 years after diagnosis in obese ICA-pos-
itive patients, but decreased (improved; P<0.001 and
P <0.05, respectively) in obese ICA-negative patients
(Figs. 1, 2). As in nonobese ICA-positive patients, fasting
C-peptide decreased significantly (P <0.05; Fig. 3) dur-
ing 3 years in obese ICA-positive patients, whereas it
increased (P<0.05; Fig. 3) in obese ICA-negative pa-
tients. Three years after diagnosis, the frequency of in-
sulin treatment in obese ICA-positive patients was signif-
icantly higher than in obese ICA-negative patients [7/7
(100%) versus 5/121 (4%); P <0.001], as compared with
2/7 (29%) versus 4/139 (3%; NS, P=0.053) at diagnosis.
In obese ICA-positive patients, ICA levels at and 3 years
after diagnosis were similar (85+4 JDFU and 28+3
JDFU, respectively) and did not correlate with HbA | or
fasting C-peptide levels. Three years after diagnosis, one
obese ICA-positive patient had lost ICA, whereas three
obese ICA-negative women 5257 years of age, had de-
veloped ICA; fasting C-peptide range was 0.36-
1.27 nmol/l and HbA,, range 6.01%-6.63% in these
three still non-insulin-requiring patients.

ICA-positive patients; nonobese versus obese

At diagnosis, no significant differences in HbA,  and
fasting C-peptide were found between nonobese and
obese ICA-positive patients (Figs. 1, 3). Three years later,
however, nonobese ICA-positive patients showed signifi-
cantly lower HbA than obese ICA-positive patients
(7.55% +0.57% versus 9.92% +0.68%; P<0.01).
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IC A-negative patients; nonobese versus obese

Both at diagnosis (P <0.01) and 3 years later (P <0.001),
nonobese ICA-negative patients showed significantly
lower fasting C-peptide than obese ICA-negative pa-
tients; however, when fasting C-peptide was related to
BMI (ratio of fasting C-peptide/BMI), no differences
were found between ICA-negative nonobese und obese
patients, either at diagnosis (0.03+0.01 versus
0.034-0.01 nmol/l) or 3 years later (0.034+0.01 versus
0.0340.01 nmol/D).

ICA positivity and age

Among all ICA-positive patients (38/233; 16%), those
over 40 years of age (n=21) showed a significantly lower
frequency of insulin treatment at diagnosis than those
under 40 years of age [n=17, 6/21 (29%) versus 14/17
(82%); P<0.01], whereas fasting C-peptide levels at diag-
nosis were similar (0.29 +0.04 and 0.23 £ 0.03 nmol/l, re-
spectively) in both age groups. Three years after diagno-
sis, however, there was no significant difference in the
frequency of insulin treatment [18/21 (86%) and 17/17
(100%), respectively] between ICA-positive patients over
and under 40 years of age at diagnosis.

Prediction of insulin dependency

Sensitivity, specificity, positive and negative values re-
garding prediction of insulin treatment 3 years later were
calculated for patient age <40 years, lack of obesity,
different cut-off fasting C-peptide levels (FCp), and ICA
analysis at diagnosis of diabetes. ICA analysis showed
the best utility to predict insulin treatment when sensitiv-
ity, specificity, and positive and negative predictive val-
ues were considered (Table 1).

Table 1. Sensitivity, specificity, positive and negative predictive val-
ues for patient age <40 years, lack of obesity, fasting C-peptide
levels (FCp) <1.64 SD in healthy controls [22} (95% of the popula-
tion with one-tailed tests), FCp below reference interval, and islet
cell antibody (ICA) analysis at diagnosis of diabetes regarding pre-
diction of insulin treatment 3 years later

Sensi-  Speci- Positive Negative
tivity ficity  predictive predictive
(%) (%) value (%) value (%)
Age <40 years 48 92 59 87
Lack of obesity 74 72 47 90
FCp<1.64 SD 35 98 83 83

in controls
(<0.21 nmol/})

FCp below reference 53 96 82 87
interval

(<0.25 nmol/l)

ICA present 76 98 92 93
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Discussion

Our prospective and population-based study showed that
ICA could be found in 16% (38/233) of new consecutive-
ly diagnosed, adult diabetic patients, 36% (31/86) in
nonobese and 5% (7/146) in obese. The I1CA frequency in
adult patients was, as expected, considerably lower than
in consecutively diagnosed Swedish children [26] and
young (15-34 years of age) adults [16]. When examined
three years after diagnosis, it was obvious that ICA at
diagnosis, also in obese patients, predicted a future need
of insulin treatment; 92% (35/38) [90% (28/31)
nonobese, 100% (7/7) obese] of ICA-positive patients
were receiving insulin 3 years after diagnosis as compared
with only 7% (11/166) of ICA-negative patients.

Higher body weight is associated with a lower risk of
progression to insulin dependency [27-29] and preserved
B-cell function [30] in middle-aged diabetic patients. In
this context, our finding that ICA may be detected at
diagnosis of diabetes also in obese patients, confirming
previous observations by Irvine et al. [11], is important
and indicates that ICA-associated progressive B-cell dys-
function is a potential problem also in obese patients.
Previous observations of ICA in adult type of diabetic
patients suggested that ICA are confined to nonobese
patients [14, 15, 18]. The current study shows, however,
that ICA in obese subjects also are associated with low
C-peptide values that, as in nonobese ICA-positive sub-
jects, deteriorate after diagnosis, leading to a more severe
metabolic disturbance in comparison with ICA-negative
obese patients after 3 years, although insulin therapy had
been instituted in all obese ICA-positive patients. That
HbAlc decreased after insulin treatment in nonobese,
but not in obese, ICA-positive patients might be attribut-
ed to a difference in insulin resistance.

In our prospective study, both nonobese and obese
ICA-negative patients showed unchanged and preserved
B-cell function 3 years after diagnosis, in accordance with
other prospective studies of B-cell function in type 2 dia-
betes showing persistence of insulin secretion during the
first 5 years after diagnosis [31, 32], but in contrast to the
decrease in B-cell function reported 10 years after diagno-
sis of type 2 diabetes in a cross-sectional study [4]. Fur-
ther follow-up will reveal if such a decrease in B-cell func-
tion occurs in our patients. Anyhow, if type 2 diabetic
patients are to be classified with respect to B-cell function,
a classification based on the presence or absence of ICA
is more relevant than the WHO classification [7] based
upon the presence or absence of obesity.

In our study ICA were found in patients of all ages,
but elderly (>40 years of age) ICA-positive patients
commenced insulin therapy more seldomly at diagnosis
than younger (<40 years of age) ICA-positive patients.
The choice of insulin therapy to control diabetes in our
patients was of course dependent on the individual physi-
cian’s attitude, but this prospective follow-up demon-
strated that ICA indicated both B-cell dysfunction and
institution of insulin treatment upon clinical grounds
among ICA-positive patients of all ages.

HbA ,, decreased significantly during the first 3 years
after diagnosis in insulin-treated, nonobese ICA-positive
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patients and in obese ICA-negative patients, whereas it
remained unchanged in other groups, including nonobese
ICA-negative subjects. This lack of a treatment effect on
HbA,, among nonobese ICA-negative patients raises the
question of whether insulin treatment would have had a
favourable influence on metabolic control also in
nonobese ICA-negative patients with preserved B-cell
function 3 years after diagnosis. Differences in metabolic
control can of course also be attributed to differences in
patient compliance with diet and exercise; as the decrease
in HbA |, in obese ICA-negative patients was associated
with a corresponding decrease in BMI, improvement of
metabolic control might have been a consequence of the
reduction in the degree of insulin resistance.

Newly diagnosed diabetic patients might be in a cata-
bolic state with a loss of body weight before diagnosis.
Hence, BMI values recorded at diagnosis might not be
representative, and the BMI might be expected to in-
crease after diagnosis as a result of institution of ade-
quate diabetes treatment. In this study, however, a signif-
icant change in BMI during the first 4 years after diagno-
sis was seen only in obese ICA-negative patients, in
whom BMI decreased (improved), presumably as a result
of diet treatment and patient education. Hence, it ap-
pears that BMI at diagnosis is representative or that a
prediagnostic loss of body weight will not be restituted in
nonobese subjects.

The hyperglycaemic state present at diagnosis of dia-
betes has been reported to potentiate B-cell responses [33,
34], resulting in inappropriately high C-peptide values at
diagnosis, although other investigators have found that
chronic hyperglycaemia results in desensitization of hu-
man islets to further acute stimulation with glucose [35,
36]. In nonobese patients in this study, however, fasting
C-peptide values at the diagnosis of diabetes correlated
with HbA | at diagnosis as well as with fasting C-peptide
3 years after diagnosis. This suggests that the prevailing
degree of B-cell function at diagnosis is important for the
degree of glycaemic control at diagnosis, as well as for
B-cell function 3 years thereafter in nonobese adult pa-
tients with diabetes mellitus.

Finally, it has to be clarified whether ICA correctly
predicted the type of diabetes as well as the need for
insulin 3 years after diagnosis of diabetes. Among ICA-
positive patients, 28/31 nonobese and 7/7 obese were re-
cetving insulin treatment after 3 years, i.e., 92% (35/38)
were insulin-treated after 3 years as compared with 53%
(20/38) at diagnosis. Most likely, these ICA-positive pa-
tients had type 1 diabetes. In addition, the remaining
three ICA-positive subjects (fasting C-peptide range
0.24-0.42 nmol/l at diagnosis and 0.36-0.37 nmol/l 3
years after diagnosis) may also be considered as type 1
diabetic patients. Among the surviving ICA-negative pa-
tients, 7% (11/166) was receiving insulin treatment after
3 years, of whom $ (4/6 nonobese and 1/5 obese accord-
ing to low C-peptide values; Table 2) may be considered
to have type 1 diabetes. Hence, altogether 21% (43/204)
of surviving patients who could be followed up in this
study might be considered to have type 1 and 79% (161/
204) to have type 2 diabetes.
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Table 2. ICA-negative patients insulin-treated 3 years after diagnosis of diabetes. Sex, age (years), fasting C-peptide (FCp; nmol/l), body
mass index (BMI), glycosylated hemoglobin (HbA_; %), and insulin treatment at diagnosis (0 year) and 3 years later (3 years)

Sex Age BMI HbA |, FCp Insulin treatment
0 year 3 years 0 year 3 years 0 year 3 years 0 year 3 years
Nonobese
Male 30 19.1 - 12.17 - 0.10 - + +
Male 33 19.6 21.8 - 4.14 - 0.18 0 +
Male 26 239 241 11.07 6.24 0.37 0.56 + +
Female 65 223 - 11.90 - 0.53 - 0 +
Female 22 23.6 21.5 6.62 9.08 0.27 0.36 + +
Female 39 14.8 20.8 9.10 5.49 0.24 - + +
Obese
Male 44 33.0 36.3 8.59 10.51 0.95 0.40 0 +
Male 62 27.9 29.4 11.78 6.03 0.78 0.74 + +
Female 66 43.6 40.6 8.92 8.41 1.47 1.49 0 +
Female 41 26.3 - 14.75 10.47 1.48 0.70 0 +
Female 20 37.3 34.6 7.61 7.55 1.28 1.83 0 +
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