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Summary. In this report, we present an analysis of glucose and
insulin responses during oral glucose tolerance tests in
369 siblings of Type 1 diabetic patients. All have been HLA
typed at the A, B and C loci. Though most had normal glucose
tolerance by National Diabetes Data Group criteria (92% of
the males and 95% of the females), siblings who shared both
HLA haplotypes with the diabetic patient in the family had
higher mean 3-hour glucose areas than those who shared one
or neither HLA haplotype (p <0.01). This difference was
more marked in males and older siblings. Insulin concentra-
tions did not differ significantly between the two groups
except that, for those aged <16years, the group sharing
both haplotypes had. lower fasting insulin concentrations
(p =0.05); for 16-29 year olds, the corresponding group had
marginally higher 3-hour insulin areas than the remainder of

siblings (p =0.17). Little association with specific haplotypes
(A1Bg or AyB;s5) was seen. Multivariate analyses, adjusting for
age and obesity, eliminated the 3-h glucose difference in fe-
males by HLA sharing status (p =0.37) although in males it re-
mained significant (p <0.001). Failure to account for age, sex
and obesity may explain some of the conflicts in the reported
literature. The glucose tolerance differences seen by HLA
haplotype sharing status did not correlate with the presence of
anti-islet cell antibodies. These results are consistent with the
hypothesis that the HLA identical siblings, particularly males,
have different (i.e. worse) glucose tolerance than their haplo-
identical and non-HLA identical siblings.

Key words: Type 1 diabetes - Genetics - Aetiology - Glucose
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Consistent with their known increased risk of develop-
ing Type 1 diabetes mellitus, siblings of Type 1 diabetic
patients have been thought to have a higher frequency
of glucose tolerance abnormalities than the general
population [1-3]. The risk for developing Type 1 diabe-
tes, which we estimate from our registry to be approxi-
mately 3.5% [4], is further increased for siblings who
share both HLA haplotypes with the diabetic patient [5].

Recently, therefore, interest has focused on whether
a sibling’s HLA sharing status with the diabetic patient
in the family, or his or her possession of specific HLA
antigens, is itself associated with glucose tolerance and/
or insulin secretory abnormalities. Thus far, published
data have been conflicting. One recent study reported
an exaggerated insulin response [6] while another sug-
gested a lower insulin response in HLA identical sib-
lings [7]. Indeed, different patterns of abnormalities
were also seen when we initially looked at our own data
three years ago compared to our findings one year later
on a larger sample [8]. In this report, we present data on
369 siblings in order to test the hypothesis that those sib-

lings with the greater risk of developing Type 1 diabetes
(i.e. the HLA identical) will more frequently demon-
strate abnormalities of glucose tolerance and insulin
concentrations and/or, as a group, show differences in
glucose tolerance when compared to siblings who share
only 1 or 0 HLA haplotypes, consistent with their great-
er risk [5, 9]. Furthermore, we also examine whether
those that share two haplotypes, which include Bg and
By5, show even greater glucose tolerance abnormalities.
These analyses take into account the marked effect of
age, sex and obesity on glucose tolerance and insulin
concentration which we have previously described in
this population [10]. Failure to account for these influ-
ences on glucose tolerance is likely to be partly respon-
sible for the conflicting data published to date. We also
examine whether siblings with anti-islet cell antibodies
(ICA) show worse glucose tolerance than those without,
since such antibodies, which are thought to be indica-
tive of B cell destruction, have been reported to be asso-
ciated with both abnormal intravenous glucose re-
sponses and the subsequent development of Type1
diabetes [11].
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Subjects and methods

The subjects are full siblings of Type 1 diabetic patients seen as part of
a large epidemiologic/family study of Type 1 diabetes and were not
previously known to have diabetes [12]. Briefly, families of new cases
of Typel diabetes presented to Children’s Hospital of Pittsburgh
(CHP) since February 1979, were eligible for the study. This report fo-
cuses on the 93 families seen up to January 1982, who represent over
95% of all eligible families. The siblings in these families have under-
gone a 4-h oral glucose tolerance test (GTT) using 1.75 g of glucose/
kg body weight, maximum dose 100 g. Further details are published
elsewhere [10]. Viral and immunologic studies, including HLA typing
at the A, B and C loci and anti-islet cell antibody determinations
(ICA), were also performed. A further series of 80 families of children
diagnosed prior to 1979, who form a comparison study of single and
multiple case families, have also had 4-h GTT and HLA typing. The
siblings from these families are also included in this report. Thus we
have a study population comprising 369 full siblings (all aged less
than 30 years: 189 males, mean age 15.3 and 180 females, mean age
15.3 years) of Type 1 diabetic patients. The total number available for
any particular glucose, insulin, HLA or anti-islet cell antibody deter-
mination is usually somewhat less than this figure because of techni-
cal difficulties (insufficient plasma, etc.). This, in particular, applies to
the analyses based on HLA haplotype sharing status with the diabetic
sibling patient, for this is not always determinable without the HLA
type of parents (not always available for testing), or because of the
presence of blanks or possible homozygous status in parents. In addi-
tion, sera from only 256 siblings were available from the time of glu-
cose tolerance for ICA testing.

Haplotype sharing status of siblings was determined by compar-
ing the segregation of haplotypes in the siblings with the first diag-
nosed (or only) diabetic sibling patient in that family.

HLA typing was performed using the standard Amos procedure
[13] and trays bought from the University of California Board of Rea-
gents (UCLA, Los Angeles, CA, USA). Plasma glucose was measured
by the glucose oxidase method using a YSI analyser, while plasma in-
sulin was measured by radioimmunoassay [14]. Anti-islet cell anti-
body determinations were performed by a new immunohistochemical
technique [15] which has been validated against the immunofluores-
cent assay [16].

The statistical approach has been to compare differences in glu-
cose and insulin measures (fasting and 3-h area) and the ratio of the
15min: peak insulin measures between siblings of different HLA
types or sharing status. To avoid the potential problem of multiple
comparisons, analyses were limited to these five overall measures.
However, in order to examine for confounding, and for age or sex
specific influences, analyses were repeated after stratification by age
and sex. The Mann-Whitney U test was chosen because the basic hy-
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glucose and insulin values, particularly the latter, which were not nor-
mally distributed and could not be normalized by transformation.

Standardized residuals were similarly analysed, following regres-
sion of of age and Body Mass Index (BMI) on the glucose and insulin
values, to examine whether any HLA differences are truly indepen-
dent of age and BMI differences. In order to do this, we first pooled
all of the siblings of the same sex under age 30 years. A regression was
then calculated separately for glucose and insulin values (dependent
variables) using age, age squared and BMI as independent variables.
The square of age was used because previous analysis by stratification
[10] indicated that the relationship between these measures and age
was nonlinear. The residuals were calculated as the difference be-
tween the observed value for an individual and the expected value for
that individual based on the appropriate regression equation. The per-
centage of variance explained by the regressions ranged from 12 to
50%.

Results

Table 1 shows the results of the glucose tolerance tests
of the siblings by age and sex classified according to the
National Diabetes Data Group (NDDG) criteria [17]. It
can be seen that none had diabetes, and that few ful-
filled the criteria of impaired glucose tolerance. We
have chosen the age of 16 years as the dividing line be-
tween the childhood and adult criteria given by this
committee.

Table 2 shows the fasting and 3-h areas under the
curves, for plasma glucose and insulin concentrations,
by the presence or absence of the specific HLA haplo-
types A;Bg or A;Bi; and by the number of haplotypes
shared (either 2 (SH2) or 0 and 1 combined (SHy;) ) with
the diabetic patient in the family. Since there were no

Table 1. Glucose tolerance test results of siblings by age, sex and Na-
tional Diabetes Data Group criteria

GTT Males Females

t
ALY 16 16-29 All ages <16 16-29 All ages
years years years ycars

Normal 80 81 161 (92%) 81 79 160 (97%)

pothesis is that, within certain subgroups of siblings, there will be a Abnormal 0 7 7 (4%) 0 4 4 (2%)
greater number who will be at the end of the distribution for various Impaired 5 2 7 (4%) 1 0 1 (1%)
glucose or insulin measures. Consequently, a rank sum test is appro- Total 85 90 175 (100%) 82 83 165 (100%)

priate. Furthermore, parametric tests would be inappropriate for the

Table 2. Plasma glucose and insulin measures (fasting ‘0’ min and 3-h area under the curve) by haplotype and by haplotype sharing status

HLA status n’ ‘0’ min glucose 3-h glucose area ‘0’ min insulin 3-h insulin area
mmol/] mmol-173-min~1 mU/1 mU-173-min~?
AqBg -+ 81 48+04 43126 934438 107.0+54.7
- 288 48104 46+2.6 95+61 110.5+61.2
AsBys + 34 49+04 43+23 95+4.5 100.8 +46.3
- 335 48+04 4.6+2.6 94+6.0 110.7+61.0
Number of shared 2 70 48+0.5 53+£2.9° 8.8%5.6 116.8+76.0
haplotypes 0 74 4804 44+20 93+35.6 102.2+£49.9
1 157 4.8+04 43+2.6 9.7+6.2 100.4 +55.9
0,1 231 4.8+04 43+£2.4* 9.6+6.0 105.1£539

>

Results expressed as mean + SD. 2 p <0.01 (3-h glucose area S, v Sg;; ® The number of individuals given is for fasting glucose values; the number
available for the other measures may be slightly lower due to missed or insufficient samples
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Fig. 1. a Mean glucose concentrations (mmol/1) of siblings aged under 16 years according to HLA sharing status with the diabetic indexed pat-

ient. (SEM bar at 1-h). A----- A Share 0 Haplotypes (1 =36); x-----

x share 1 haplotype (n =82); O—{Jshare 2 haplotypes (n =33). Glucose

challenge = 1.75 g of glucose per kg body weight (maximum dose 100 g). b Mean glucose concentrations (mmol/1) of siblings aged 16-29 accord-
ing to HLA sharing status with the diabetic indexed patient. (SEM bar at 1-h). A-----A share 0 haplotypes (n=29); X ----- x share 1 haplotype
(n=174); O—share 2 haplotype (n =37). Glucose challenge =1.75 g of glucose per kg body weight (maximum dose 100 g)
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Fig.2. Mean insulin concentrations (mU/1) of siblings aged under 16 years according to HLA sharing status with the diabetic indexed patient.
(SEM bar at 1-h). A----- A share 0 haplotypes (n=36); x--—- x share 1haplotype (n =82); 3—10 share 2 haplotypes (n =33). Glucose chal-
lenge=1.75g of glucose per kg body weight (maximum dose 100 g). b Mean insulin concentrations (mU/1) of siblings aged 16-29 according to
HLA sharing status with the diabetic indexed patient. (SEM bar at 1-h). A-—-A Share 0 Haplotypes (n=39); x----- x share 1haplotype
(n=74); C— share 2 haplotypes (n =37). Glucose challenge=1.75 g of glucose per kg body weight (maximum dose 100 g)

differences between siblings sharing 0 and 1 haplotypes
(Table 2 and Figures 1-2), these groups have been com-
bined for analyses. Fifteen min: peak insulin ratio was
depressed in SH, compared to SHy (0.49vs. 0.57,
p=0.03). The only other significant difference is the
higher 3-h glucose area in the share 2 haplotype group
compared to the share 0 or 1 haplotype group (p <0.01).
When these data were age, BMI and sex corrected, the
residual 3-h glucose areas still differed significantly
(p =0.01). The next step was to determine if there was a
particular subgroup of these siblings who largely ac-
counted for the significant difference.

Age specific analyses.

These age specific analyses are shown in Figures 1a and
1b (glucose) and 2a and 2b (insulin) with the sample
sizes as shown. Although the 3-h glucose area was high-
er overall for the share 2 haplotype group, neither this
(p <0.29) nor the fasting glucose (p = 0.83) differed sig-
nificantly from the share 0,1 group (Fig.1a) for those
aged less than 16 years. Examination of similar data for
the 16-29 year old group, however, revealed a signifi-
cantly higher 3-h glucose area (p <0.01) for the share
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Table 3. Glucose and insulin measures (fasting ‘0’ min and 3-h area under the curve) by haplotype, haplotype sharing status and sex of siblings

Haplotype group ‘0" min glucose 3-h glucose area ‘0’ min insulin 3-h insulin area
mmol/1 mmol 173 min~! mU/1 mU-173- min~!
n Male n Female Male Female Male Female Male Female
AqBg + 38 49104 43 46104 48+28 39+£25 99+49° 8.7+£4.6° 113.8+63.5 1013463
— 151 49+£04 137 47x£05 49+24 43+27 83+0.6* 10764 1034+520 118.1+69.2
AyBss + 16 5.0+04 18 47+03 4.8+28 39+17 9.5+4.7 95+45 103.7+t426 98.1+504
— 173 49+04 162 47+05 4924 42+28 8.5+56 103£6.2 1056556 116.0+66.0
Number of shared 2 43 49+03 30 48%+07 55+24° 51%36 82+50 97+£64 113.9+559 126.1+98.7
haplotypes 01 125 4904 117 47+04 45+24> 41+24 87+£59 104+6.1 96.8+48.0 113.7+58.5

Results expressed as mean +SD. ? p=0.03 (A{Bg+ v-/males. ‘0’ min insulin; ® p=0.01 (S, v Sy;/males). 3-h glucose area; © p=0.09 (ABg+ v-

/females). ‘0’ min insulin

2 group though, again, the fasting glucose differences
were not significantly different (p =0.39) (Fig. 1b).

The plasma insulin responses showed contrasting,
but not significant, age related patterns. In the less than
16 year olds, the share 2 group showed marginally lower
fasting insulin concentrations (p =0.05) but similar 3-h
areas (p =0.69), while for the 16-29 year olds, the share
2 group had similar fasting concentrations (p = 0.92)
but marginally higher 3-h insulin areas (p =0.17). The
15 min: peak insulin ratio did not differ in either age
group by sharing status.

Sex specific analyses

Analysing the data by sex (Table 3) revealed, in males, a
significantly higher 3-h glucose area for those sharing
2 haplotypes compared to those sharing 0 or 1haplo-
type (p =0.01). Neither fasting insulin nor the 3-h insu-
lin area differed significantly according to sharing sta-
tus in the males. Though possession of HLA haplotype
A,Bys was not associated in males with any differences
in glucose tolerance, siblings with HLA A;Bg had signif-
icantly higher fasting insulin concentrations (p =0.03).

Even though the absolute difference in the mean
concentrations of the 3-h glucose area was of a similar
magnitude by haplotype sharing status for both sexes,
in the females the significance was only p=0.21, re-
flecting the greater variance in females who share 2 ha-
plotypes. In contrast to the males, females who pos-
sessed the A¢B; haplotype showed a lower fasting
insulin concentration. However, the statistical signifi-
cance of this was only p =0.09 despite the absolute dif-
ference in the means being greater than seen in the
males. Again, the variance in the group of females was
greater than in the corresponding group of males
(Table 3). The 15 min: peak insulin ratio did not differ
by sharing status in either sex.

When the 3-h glucose areas were adjusted for age
and BMI, the marginal significance of the female data
for sharing 2 versus sharing 0 or 1completely disap-
peared (p=0.37). However, the males still showed a
clear difference between those brothers who shared two
haplotypes compared to those who shared 0 or 1 haplo-

type (p =.001). After age and BMI adjustment of the in-
sulin values (both fasting and 3-h areas), no significant
differences were seen by HLA sahring status.

Combination of HLA risk factors

There were three siblings who would be considered to
have the greatest risk of developing Type 1 diabetes, i.¢.
who were HLA identical and possessed both Bg and
Bys. These three siblings (all aged less than 16 years,
2 girls and 1boy) had a high mean 3-h glucose area
of 7.1 mmol-173-min~" with one of them developing
Type1 diabetes 17 months later [18]. As indicated
above, the presence or absence of HLA A;Bg or A;Bys
alone did not seem to be associated with greater glucose
intolerance.

The above results indicate that the 3-h glucose area
in siblings who share 2 haplotypes with the proband
may be higher than that of other siblings although the
overlap between these two subpopulations is great. The
data was also analysed categorically (i.e. according to
NDDG criteria) by sharing status. The frequency of ab-
normal or impaired tests was greater for the S, (8.5%)
than for the Sy (4.2%) groups, though this did not reach
significance.

Family-based analyses

It may be argued that since some siblings came from the
same families, they did not represent independent ob-
servations. In order to address this potential problem,
the analyses were repeated on a subgroup comprising
one sibling from each family. This subgroup was
formed by first choosing an HLA identical sibling from
each family with such an individual (randomly when
two such siblings were available), and then randomly
selecting one sibling from the remaining families. All se-
lections were done without knowledge of the glucose
tolerance results. These analyses largely confirmed the
above findings. For example, the mean 3-h glucose area
of the share 2group was 5.4mmol-173-min~' com-
pared to 4.2mmol-173.min~! for those sharing 0 or
1 haplotype (p =0.136). Thus, though the absolute dif-
ference between these subgroups is marginally greater
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(i.e. 0.1 mmol-1~"-min~") than was the case for all sib-
lings, the difference was less significant, probably re-
flecting the smaller sample size (154 versus 301). As be-
fore, little difference was seen in mean 3-h glucose areas
for those aged less than 16 years (4.4 vs. 4.1 mmol-1-3
-min~?, p=0.52), while a larger difference was seen
for those aged 16+ years (6.4 vs. 4.5mmol-1-3-min~",
p=0.076). Sex-specific analyses revealed a higher mean
3-h glucose area in both sexes for the share 2 group, al-
though, as before, the significance was greater for the
males (p =0.06) than the females (p = 0.18). As with the
total population, the statistical significance of resulting
age and BMI adjusted 3-h glucose areas was greater by
HLA sharing status for males (p =0.17) than for females
(p =0.40), though neither were significant. As this prob-
ably reflects the small number of siblings in the family-
based data set, it underscores the subtlety of these find-
ings and the need for large sample sizes to adequately
examine these differences.

Anti-islet cell antibody data

Ten out of 256 siblings tested (4%) had anti-islet cell an-
tibodies (ICA). Eight were boys and six were aged less
than 16 years. These ten individuals showed very similar
glucose tolerance to those without ICA (none had a 3-h
glucose area more than 1SD above the mean of the
HLA Sy; group). One had a 3-h insulin area greater than
1SD above the Sy, group mean; however, this 10-year-
old girl showed a double hump GTT curve with glucose
peaks of 8.2 mmol/1 and 7.8 mmol/1 at 15 min and 1-h
respectively. Though two subjects had low 15 min insu-
lin (and 15 min: peak insulin ratio), this was thought to
reflect delayed glucose absorption rather than impaired
first-phase insulin response since in neither case was the
15-min glucose value increased over fasting by more
than 15%. Two ICA positive siblings have recently had
intravenous GTT tests; one was normal while the other
had marked loss of first-phase insulin. This HLA identi-
cal twin of a Type1 diabetic patient proband is now
aged 33. He has had impaired glucose tolerance (with
low 15-min insulin) for the last 4 years though his initial
OGTT, included in this data set, was normal.

Thus, the exclusion from the analyses of these
10 ICA positive subjects had no effect on the previous
findings (e.g., 3-h glucose area for S, v S¢; was 5.5 vs.
44mmol-173-min~", p=0.03). These results suggest,
therefore, that the HLA related differences noted above
are independent of ICA evidence of B cell destruction.
The distribution of HLA sharing status of these 10
siblings was: S,-3, S;-5, Sp-2. Their HLA antigens were:
BBy, BsBs, BsBis, BisBia, BisBao, BssBiz, BagBug,
B44Bug, B17B13, BsByy.

Discussion

In this report, we have demonstrated that when age, sex
and obesity (as measured by body mass index) are taken
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into account, siblings of Type 1 diabetic patients who
share two haplotypes with their diabetic sibling show
a greater disturbance of glucose tolerance during oral
GTT than those who share 0 or 1 haplotypes. This effect
appears to be limited to the male siblings as evidenced
by the multivariate analyses. However, gross abnormali-
ties of glucose tolerance were uncommon in this popu-
lation and we were unable to demonstrate significant
glucose intolerance in siblings aged <16 years accord-
ing to HLA haplotype sharing status. Furthermore, the
possession of those haplotypes associated with Type 1
diabetic patients (A;Bg, A;Bys) by the siblings does not,
of itself, appear to be of much importance in discrimi-
nating variations of glucose tolerance.

These results, therefore, are constistent with our pre-
viously reported data delineating the risks of develop-
ing Type 1 diabetes [19, 20], and they emphasize that the
predominant feature is whether or not one shares both
haplotypes with the diabetic patient and not the specific
antigen that a sibling possesses. This is consistent with
the notion that a gene important to the determination of
glucose metabolic abnormalities is linked to the B-lo-
cus, but that the locus itself (or the antigens themselves)
is not necessarily involved. HLA DR typing is not, un-
fortunately, available for this data set. The demonstra-
tion that differences in glucose tolerance become mani-
fest in the older age group, i.e. particularly in men aged
16 to 29 years, is a fascinating and puzzling finding. It
raises the possibility that certain individuals, in our case
identified by their HLA sharing status with a diabetic
patient sibling, have an inborn deterioration of B cell
function which may become manifest in terms of dis-
turbed glucose tolerance with increasing age and conse-
quent exposure to immunologic, physiologic and other
stresses. At younger ages, this defect would presumably
only become manifest by the development of frank dia-
betes after a severe insult. The greater variance of 3-h
glucose area in the females sharing both haplotypes
could also reflect a more heterogenous response to the
stress of the menstrual cycle in these particular girls.
Unfortunately, we were unable to obtain good data on
the menstrual status of these subjects.

The failure to show any association between anti-
islet cell antibody status and glucose tolerance may par-
tially relate to the low frequency (4%) of such antibod-
ies in siblings of cases and, therefore, small sample size
(n=10). The Joslin group have shown a strong associa-
tion between ICA and both loss of the first-phase insu-
lin response to intravenous glucose and subsequent
Type 1 diabetes in monozygotic twins and triplets [11,
21]. However, our failure, and that of the New York
group [7], to show an association between ICA and glu-
cose tolerance does throw some doubt on the predictive .
value of ICA in these more general sibling populations.
This is particularly true in the light of a report from a
study similar to ours (Barts-Windsor-Middlesex) sug-
gesting that ICA may, in some cases, be transient and
unrelated to subsequent Type 1 diabetes [22]. However,
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methodological problems in terms of sensitivity may be
related to the issue of transient ICA antibodies [23].

Though the work of Rosenbloom suggests that oral
glucose tolerance tests are predictive of subsequent
Type 1 diabetes as much as seven years before diagnosis
[24], oral glucose may not allow as fine an examination
of insulin secretory dynamics as intravenous glucose.
Thus, it remains possible that even our ten siblings with
ICA may have shown loss of the first-phase insulin after
intravenous glucose. Nonetheless, it is clear from our
data that, independent of ICA associated glucose toler-
ance abnormalities, older siblings sharing two haplo-
types with their diabetic sibling show worse glucose tol-
erance than other nondiabetic siblings. This suggests
that such siblings may have an underlying defect of glu-
cose tolerance, which may predispose them to diabetes
even though the majority will not develop Type 1 diabe-
tes [20].

The literature concerning HLA sharing status and
glucose tolerance is conflicting. A recent report [7] re-
veals a much greater degree of glucose abnormality
amongst the share 2 status group than we demonstrate
and lower, rather than our marginally higher, insulin
concentrations. One probable reason for this difference
is that they have a high proportion of males in their
share 2 group compared to the other two groups, and, as
we have previously shown, male relatives of Type 1 dia-
betic patients demonstrate higher glucose values and
lower insulin values than females [10].

Whether relatives of Type 1 diabetic patients (and,
in particular, HLA identical siblings) show increased or
decreased insulin concentrations also remains con-
troversial. As indicated, our data suggest only a margi-
nal increase in insulin concentration during oral glu-
cose tolerance tests and little consistent evidence for
delayed production as measured by the 15-min: peak
insulin ratio. Decreased early phase insulin release in
response to intravenous glucose in relatives of patients
with diabetes has been well documented in the litera-
ture. This occurs in the face of normal glucose disap-
pearance rates [25, 26]. Similar findings have been
found with oral glucose [27]. During oral glucose toler-
ance testing in some abnormal states, the insulin re-
sponse to glucose may be delayed in timing, even
though values reached may be normal or higher than
normal [27-29)]. This delayed insulin release is reflected
by a low 15min and often 30 min insulin level. The
15-min value reflects early phase insulin release after
oral glucose and is stimulated by gut factors as well as
ambient blood sugar levels.

We found no difference in the 15-min values be-
tween the different groups. However, because the rate
of insulin response at 15 min may be sluggish compared
to the final peak produced, a ratio between this 15 min
value and the peak was analysed in order to give a nu-
merical value to this abnormal situation in order that it
could be statistically analysed. The data from the Joslin
Clinic [21] showing decreased first-phase insulin re-
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sponse to intravenous glucose is accompanied by fail-
ure of early insulin responses to oral glucose when a
15-min value is available. Thus, in that data set, changes
in insulin response to intravenous glucose appear to be
accompanied by decreases in early responses to oral
glucose. Though lower overall for share 2 siblings, this
ratio did not differ significantly in the age or sex sub-
groups.

One group has reported decreased insulin concen-
trations which we suspect partially reflect, as indicated
above, an uneven sex distribution [7]; others report ele-
vated insulin concentrations both for first degree rela-
tives [30] and HLA identical siblings [31, 32] of Type 1
diabetic patients during oral glucose tolerance tests. It is
unlikely that these different results are fully explained
by the difficulties encountered with oral glucose toler-
ance tests, for example, gut factors and dynamics of the
blood sugar rise, since similar divergent results are re-
ported for intravenous arginine/glucose tolerance tests.
Hollander [6] reported exaggerated acute phase insulin
secretion in HLA identical siblings while Srikanta [11,
21] reported progressive loss of first-phase insulin re-
sponse to intravenous glucose before hyperglycaemia
became detectable in initially discordant monozygotic
twins. These conflicts, and our failure to show insulin
differences despite glucose differences, may well reflect
the difficulty of assessing insulin activity by peripheral
(as opposed to portal) sampling in the absence of con-
current measures of counter regulatory hormones and
receptor activity, as well as the different methodologies
used in the various studies.

A further reason for these contradictory reports
probably results form the underlying heterogeneity of
Type 1 diabetes risks and aetiology. For example, the
less marked abnormalities amongst our siblings com-
pared to other reports, and the lower rate of conversion
(i.e. siblings who develop diabetes after the index case
in the family) in the Pittsburgh population [4] compared
to New York [7] and Barts-Windsor [33], could reflect
such a heterogeneity in environmental and/or host risk
characteristics.
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