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OBJECTIVE — To assess the insulin antibody (IA) response to human insulin (HI) therapy
in women with gestational diabetes.

RESEARCH DESIGN A N D METHODS— IAs were measured by a competitive
radiobinding assay in 50 women with gestational diabetes before and during treatment with
HI and after delivery. At delivery, 15 maternal-cord blood sample pairs were analyzed for IA.
As a reference, we searched for IA in 25 new-onset type I diabetic patients, before and at 3, 6,
and 12 months after insulin therapy.

RESULTS — Insulin autoantibodies (IAAs) were detected in 1 of 50 women with gestational
diabetes and 4 of 16 type I diabetic patients (P < 0.05). At the end of pregnancy after 9.3 ± 6.8
weeks on insulin therapy, 22 of 50 (44%) women with gestational diabetes became IA+ and 4
additional women were found to be positive 2 months postpartum. After 3 months on insulin,
type I diabetic patients showed a higher rate of IA positivity (92%, P < 0.001). IA titers at the
end of pregnancy were associated with the cumulative insulin dose (r = 0.29, P < 0.05). Post-
partum, IA disappeared slowly in most IA+ women, but two women still showed IA 2 years after
delivery. Titers in cord blood were strongly related to those in maternal blood (r = 0.74, P <
0.01). The rate of adverse fetal outcome did not differ in IA~ and IA+ mothers (27 vs. 40%, NS).

CONCLUSIONS — HI is immunogenic, and a short course of HI therapy induces IA in
~50% of women with gestational diabetes and 92% of type I diabetic patients. In women with
gestational diabetes, insulin dose is slightly associated with IA titers. These IAs apparently cross
the placenta. Fetal outcome does not differ according to the maternal IA status, and IAs dis-
appear gradually after delivery but may remain positive for 2 years after delivery.

I nsulin antibodies (IAs) at high titers were
detected in almost all diabetic patients
receiving early insulin preparations (1),

and immunological reactions were
observed in a significant percentage of
patients (2). Availability of highly purified
insulin preparations has decreased the rate
of IA positivity after treatment, and the IA-
linked adverse reactions have become rare
(3,4). Despite the theoretical lack of
immunogenicity of human insulin (HI),
most studies have found that it continues to

be immunogenic and patients who have
only received HI also develop IA (5,6).

There is a consensus that normo-
glycemia is important in women with ges-
tational diabetes (7), with a variable
percentage of these women requiring
insulin to achieve it (8). Since IAs have
been associated with materno-fetal morbid-
ity in insulin-treated diabetic mothers, HI
has been preferred over animal insulin
preparations for pregnancy use (9,10). Nev-
ertheless, even in diabetic pregnant women
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with IAs, pregnancy outcome is more
related to glycemic control than to IAs (11).
Little is known about the immunologic
response to a transient course of insulin
therapy in women with gestational diabetes
(6). In the present study, we have attempted
to assess the IA response in Hi-treated
women with gestational diabetes, treatment
variables associated with IA development,
to compare the IA response with that of
new-onset type I diabetic patients and to
assess if the fetal outcome differs according
to the IA status of the mother.

RESEARCH DESIGN AND
METHODS— In our center, pregnant
women undergo universal gestational dia-
betes screening, gestational diabetes being
diagnosed according to National Diabetes
Data Group criteria (6). All women with ges-
tational diabetes are instructed in using a
normocaloric diet and in self-monitoring
blood glucose at least four times a day (fast-
ing, preprandial, and 1-h postprandial).
Insulin therapy is initiated when fasting or
preprandial capillary blood glucose is ^90
mg/dl and/or 1-h postprandially ^120
mg/dl more than twice per week. This study
includes 50 women with gestational diabetes
who required insulin to achieve glycemic
goals. None had received insulin before, and
only HI (Actrapid HM and Monotard HM)
was used. Insulin was injected by conven-
tional devices, and weekly insulin dose was
recorded. IAs were measured before insulin
therapy one or more times during treatment
(along with samples drawn for clinical pur-
poses) and postpartum.

The rate of positivity for IAs was cal-
culated for every 3-week interval after
insulin was started. When in an interval, a
sample was not available, the 1A~ or IA+

status was considered to be the same of the
former and later IA measurements when
concordant. In the case of a previous IA~
sample and a following IA+ sample, the
patient was considered to be negative in the
intermediate period. For the postpartum
evaluation, patients were considered to be
IA+ until the IA~ status was demonstrated.
At delivery, 15 maternal-cord blood sample
pairs were drawn to determine IA.
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Table 1—lAs in women with gestational diabetes during insulin therapy and after delivery

IAs during insulin therapy

Weeks

1-3
4-6
7-9

10-12
13-16
>16

IA+/n* (%)

2/50 (4)
3/44 (7)

14/32 (44)
12/19 (63)
7/13 (54)
3/8 (38)

Titers of 1A+, women
with gestational

diabetes (nlU/ml)

88 ±11
367 ± 394
613 ±572
897 ± 882

1,291 ±979
1,518 ±39

Months

2
6
12
24

IAs after delivery
Titers of IA+, women

with gestational
lA+/nt (%) diabetes (nlU/ml)

21/21(100) 1,110 ±940
22/22 (100) 848 ± 986
16/21(76) 872 ±933
2/20 (10) 953 ± 914

*Number of women with gestational diabetes still on treatment. TNumber of previously IA+ women with
gestational diabetes available for follow-up.

The rate of adverse fetal outcome
(defined as the presence of low Apgar score,
hypoglycemia, hypocalcemia, hyperbilirru-
binemia, polycythemia, respiratory distress,
obstetric trauma, small or large for the ges-
tational-age infant, or perinatal mortality)
was compared in 1A~ and 1A+ mothers at
the end of pregnancy. Additionally, we
investigated the presence of insulin autoan-
tibodies (IAAs)/IAs in 25 new-onset type I
diabetic patients, before and at 3, 6, and 12
months after starting insulin therapy.

Insulin antibody assay
IAs and lAAs were measured in serum sam-
ples stored at — 20°C. A competitive
radiobinding assay, as described by Vardi et
al. (12), was used for antibody detection. In
this method, a supraphysiologic amount of
cold HI (3 X 106 nlU/ml serum) for dis-
placement and a long incubation period (7
days) are included to improve the sensitiv-
ity of the method.

The cutoff value for IA positivity in our
laboratory (75 nlU/ml) was derived from
the mean plus 3 SD (15 ± 20 nlU/ml) of a
control group of 106 adults (normal distri-
bution, pregnant and nonpregnant, no dif-
ferences between both groups) (13).
Nevertheless, the cutoff value for cord blood
samples from nondiabetic pregnancies was
higher: 131 nUI/ml (47 ± 28 nlU/ml). The
need for a higher cutoff for cord-blood IA is
supported by other authors (14-16); some
of them speculate about "naturally occur-
ring insulin antibodies in neonates" (15),
even though this binding does not seem to
be IgG mediated (16).

Our laboratory performance was
assessed through participation in the Third
Immunology and Diabetes Workshop
(1DW) Insulin Autoantibody Proficiency Test
Programme carried out in the period when

the present study was done (sensitivity 71%,
specificity 100%, and validity 82%).

Statistical analysis
Fisher's exact test, Students t test for non-
paired observations, and single and multi-
ple regression analysis were used when
appropriate.

RESULTS— All but one woman with
gestational diabetes were IAA negative at
entry, but at the end of pregnancy, after
insulin therapy, 22 of 50 (44%) became
positive for IA. In addition, four women,
whose late pregnancy IA determination was
negative, shifted to positive 2 months post-
partum.

Mean final IA titers in the whole group
were 404 ± 715 nlU/ml (877 ± 879 in the
IA+ group and 32 ± 27 in the IA~ group).
Calculated rates of IA positivity during
insulin treatment were highest at 10-12
weeks after insulin initiation (63%), and IA
antibodies disappeared slowly 6 months
after delivery (Table 1).

IAs were present in 4 of 25 (16%) type
I diabetic patients at onset, in 92% after 3
months, and in 100% after 6 and 12
months on insulin therapy. Baseline IA
titers (65 ±216 nlU/ml) rose considerably
at 3 months (1,068 ± 912 nlU/ml, P <
0.01), but titers at 6 and 12 months (1,388
± 1,010 and 1,323 ± 948 nlU/ml, respec-
tively) did not differ from those at 3
months. IA titers at 3 months in type I dia-
betic patients were higher than final titers
in women with gestational diabetes. How-
ever, in the IA+ subgroups, the difference
did not reach significance (1,205 ± 932.5
in type I diabetes patients vs. 877 ± 879
nlU/ml in women with gestational diabetes,
P = 0.13).

Mean insulin dose in women with ges-
tational diabetes and type I diabetic
patients was similar (0.44 ± 0.28 vs. 0.51 ±
0.27 IU • kg"1 • day"1, NS), but treatment
duration (9.3 ± 6.8 vs. 12.2 ± 1.9 weeks)
was longer in type I diabetic patients at the
time of IA measurement (Table 2).

In a multiple regression analysis where
treatment duration (weeks) was included,
IA titers at the end of pregnancy were only
associated with the cumulative insulin dose
(r = 0.29, P < 0.05). The relationship was
mainly due to the 22 women who became
IA+ (r = 0.42, P = 0.053), since in the IA~
group, no association was found (Fig. 1).
However, cumulative insulin dose and
treatment duration were closely associated
(r = 0.7, P < 0.01). We found IA status
concordance in all but one of the 15 mater-
nal (M)-cord blood (C) sample pairs (8
M+/C+; 6 M-/C"; 1 M+/C~). Moreover, IA
titers in cord blood were strongly related to
those of the mothers (r = 0.74, P < 0.01)
but not to treatment variables. The rate of
adverse fetal outcome in newborns did not

Table 2—IAA and IA response to insulin therapy in women with gestational diabetes and new-
onset type I diabetic patients

n
Baseline IAA (nlU/ml)
Baseline IAA+ (%)
IA after HI (nlU/ml)*
IA+ after HI (%)
Age (years)
Weeks on HI
Insulin dose (lU/Kg/d)t

Women with
gestational diabetes

50
15.8 ±20

1(2)
404 ±715

26 (52)
31.8 ±4.3
9.3 ±6.8

0.44 ±0.28

IDDM patients

25
64 ±214

4(16)
1,068 ±912

23 (92)
19.7 ±5.6
12.1 ±1.9

0.51 ±0.27

P value

0.055
<0.05
<0.001
<0.001
<0.0001
<0.05

NS

*At the end of pregnancy (women with gestational diabetes) or at 3 months (type 1 diabetic patients). tMean
insulin dose just before IA measurement.
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Figure 1—Relationship between cumulated insulin dose and IA at the end of pregnancy in women with
gestational diabetes who developed IA ( • ) and in those who did not (A).

differ according to the IA status of the
mother at the end of pregnancy (27% in
IA-, 40% in 1A+, NS).

CONCLUSIONS— As could be expect-
ed, IAA positivity rate was higher in new-
onset type I diabetic patients than in
women with gestational diabetes. In the
few reports that deal with this subject, the
rate of IAA positivity in women with gesta-
tional diabetes seems to be similar to that of
control subjects: 0% in both groups in the
study of Damm et al. (17). However, in a
previous study, we found an IAA positivity
rate of 11% in the women with gestational
diabetes islet cell antibody (ICA)+ sub-
group, which is comparable to the rate in
ICA+ type I diabetic relatives (13).

Despite treatment with HI, the rate of
IA development after insulin therapy was
high in both women with gestational dia-
betes and patients with type I diabetes. This
is in agreement with previous reports and
confirms that human insulin is immuno-
genic in both type I (18,19) and type II dia-
betes (20). The rate of women with
gestational diabetes developing IAs at the
end of pregnancy (44%) would be in agree-
ment to the 60% described by Jovanovic et
al. (6) of women with gestational diabetes
injecting insulin with syringe (versus only
10% in those using a jet-injector).
Expressed as percentage of insulin binding,

mean final binding was 9% in IA+ women
with gestational diabetes and 14% in type I
diabetic patients. Since insulin immuno-
logically mediated adverse effects are mainly
related to high titers (over 15-20% of
insulin binding), the low-medium IA titers
reached with HI may explain why IA-linked
adverse reactions are infrequently observed
with HI use (21,22). The additional finding
of four IA+ women at 2 months postpartum
probably reflects the delay between the
immunogenic stimulus and IA appearance.
Another remarkable aspect is the long per-
sistence of IAs after discontinuing insulin,
and it is striking that at 2 years postpartum,
two women with high titers at the end of
pregnancy still were IA+. It might be
hypothesized that these women are devel-
oping type I diabetes (which does not seem
probable, since their glucose tolerance 1
year after delivery was strictly normal) and
that they are theoretically at risk of devel-
oping insulin allergy or insulin resistance, in
the case that reintroduction of insulin is
required.

The higher IA titers in new-onset type
I diabetes could be due to a longer treat-
ment period (only 26 of 50 women with
gestational diabetes were on insulin therapy
for >9 weeks), to insulin dose (the starting
insulin dose was low [0.1-0.2 IU/kg/d] in
women with gestational diabetes), or to
intrinsic patient differences (20).

The concordance for IA status and the
close relationship between IA titers in the
maternal and cord blood samples support
the IA transplacental passage from the
mother to the fetus (23). The lack of rela-
tionship of IA status and fetal outcome can
be due to the short exposure and to the
aforementioned fact of IA being less impor-
tant than glycemic control in influencing
fetal outcome (11).

In summary, human insulin is
immunogenic. Even in women with gesta-
tional diabetes receiving a short-term
course, insulin therapy induces develop-
ment of IA in about half of them. Although
a IA+ response may depend on individual
factors, the cumulative insulin dose is
slightly associated with the reached titers.
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