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Summary. ‘“‘Remission’ of overt juvenile diabetes is
a rare phenomenon, usually of only transient duration.
In 4 subjects, aged 7.5 to 12 years, treated only with diet
for almost a year, studies of glucose tolerance and insulin
secretion following oral glucose (OGTT) and glucose- plus
glibenclamide application were performed at different
intervals after the onset of diabetes. Initially, no differ-
ence of response was observed between these and other
diabetic children, who turned out to depend on exogenous
insulin from the beginning. 3 to 5 months later, a small,
but insignificant elevation of glucose-induced insulin
levels was observed, while lower glucose fasting values
and a significant decrease of the glucose area were
measured. This evidence seems to indicate an increased
insulin activity or a higher peripheral insulin sensitivity
as important factors effective during this period. Sul-
phonylurea application, together with glucose, diminished
to a small extent the glucose area without stimulating
insulin release. This effect may represent an extrapan-
creatic action of the drug. Shortly before permanent in-
sulin treatment was required by 3 of the 4 subjects, no
insulin elevation during OGTT was noticed.

Réponse insulinique & Uadminisiration orale de glucose
pendant la période de «émissiony de jeunes diabétiques

Résumé. Une «wémissiony du diabéte suecré juvénile
est rare eb en général passagére. Dans I’étude présente, la
tolérance au glucose ainsi que la réponse de l'insuline
plasmatique aprés glucose par voie buccale (OGTT), seul
ou avec glibenclamide, ont été étudides chez quatre en-
fants, 4gés de 7.5 & 12 ans, traités seulement par le régime
pendant presqu’ une année, & différentes périodes aprés
la manifestation du diabéte. Au début, aucune différence
ne pouvait &tre observée entre les réponses de ces sujets
et celles d’autres jeunes diabétiques, qui devaient &tre
traités par I’insuline dés la manifestation. 3 & 5 mois plus
tard on a observé au cours de POGTT une petite élévation
de I'insuline plasmatique, mais qui n’était pas significa-
tive, tandis qu’on notait des valeurs de glucose & jeun plus
basses et une diminution significative de I’aire du glucose.
Par conséquent, une augmentation de I’activité de I’hor-
mone ou bien une élévation de la sensibilité périphérique

Childhood and juvenile diabetes is considered to
depend upon an absolute insulin deficiency [36]. Usu-
ally no plasma insulin elevation is observed following
oral or intravenous glucose and sulphonylurea loads
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envers l'insuline pendant cette période peuvent étre
discutées en tant que facteurs importants. L’administra-
tion de glibenclamide avec le glucose ne provoquait
qu’une légére diminution de la glycémie, sans aucune in-
fluence sur les concentrations plasmatiques de I'insuline.
Cette observation pourrait indiquer un effet extrapancré-
atique de la substance. Peu avant qu’un traitement per-
manent par ’insuline ne s’avére nécessaire chez 3 de ces
4 sujets, 'insuline plasmatique ne répondait plus & la
stimulation glucosée.

Glucose-stimulierte Insulinsekretion bei jugendlichen
Diabetikern wihrend der ,,Remissionsphase®

Zusammenfassung. ,,Remissionen® des kindlichen Dia-
betes sind seltene Ereignisse. Bei 4 solchen Kindern im
Alter zwischen 7'/, und 12 Jahren, wihrend fast eines
Jahres nur mit Didt kompensiert, wurden Glucosetole-
ranz und Insulinausschiittung nach oraler Glucose allein
(OGTT) bzw. nach Glucose plus Glibenclamid in ver-
schiedenen Zeitabsténden nach der Manifestation unter-
sucht. Anfangs konnte kein Unterschied zwischen diesen
und anderen, primér insulinpflichtigen diabetischen Kin-
dern festgestellt werden. 3 bis 5 Monate spéter wurde eine
geringe, im Mittel jedoch insignifikante, Erhéhung der
glucosestimulierten Plasmainsulinkonzentrationen regi-
striert, wahrend die Blutzuckerniichternwerte und die
Glucosefliche nach oraler Gabe signifikant unter die bei
insulinbediirftigen Diabetikern gemessenen Werte ab-
sanken. Diese Tatsache scheint auf eine Verbesserung der
Insulinwirkung oder eine Erhéhung der peripheren Insu-
linempfindlichkeit als in dieser Phase wirksame Teilfak-
toren hinzudeuten. Die zusétzliche Gabe des Sulphonyl-
harnstoffs verminderte geringfiigig die von der Glucose-
kurve umschlossene Flédche, ohne die Insulinausschiittung
zu beeinflussen. Dieser Befund koénnte auf einen extra-
pankreatischen Effect der Substanz zuriickgefithrt wer-
den. Kurz bevor die Insulinbehandlung bei 3 der 4 Pro-
banden erforderlich wurde, lie} sich eine Plasma-Insulin-
erh6hung im OGTT nicht mehr nachweisen.

Key words: Juvenile diabetes, plasma insulin, remis-
sion, oral glucose tolerance, glibenclamide.

(2, 5, 11, 13, 15, 33, 36, 47, 49]. An impairment of
glucose-stimulated insulinaemia, however, does not
seem to be a late, but a rather early symptom of the
disorder, since it is found in still healthy monocygotic
twins of diabetios [9] or other potential diabetics, like
children of two diabetic parents [42]. The mechanisms,
which finally lead to the decompensation of a probably
longtime well compensated system and provoke overt
diabetes, are still badly understood. In only about 409,
of diabetic children some exogenous factor interfering
with the balance of this system has been found [43].
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Although the rapid progression to ketoacidosis in
the majority of diabetic children and juveniles neces-
sitates continuous insulin treatment from the onset of
clinical symptoms, it has long been recognized, that
the hormone requirements may fall to minimal doses
or nil during a brief postinitial phase of some days’
or weeks’ duration [6, 50], and that longerlasting
“remissions” can occur in children [1, 25, 28, 29, 34,
461 and in adults with the juvenile type of diabetes
7, 12, 14, 16, 19, 22, 26, 27, 29, 34, 44, 45]; a recent
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Kessler have published the history of a woman, who,
after a 21-year-period of insulin treatment, showed a
permanent restoration of a normal glucose tolerance,
which. was maintained even during surgical stress.
Certainly, this case will remain a rare exception.

In view of the pathogenesis of the disease, studies
on insulin secretion in these stages deserve special
interest. Only few have been reported so far [1, 17, 22,
25, 26, 27, 32], demonstrating controversial results,
with a partial restitution of insulin response to glucose

Table 1. Data of diabetic children, treated with diet only

F.A. D.X. K.D. M.A
é ? é d
Age at onset of diabetes (ys) 8 7. 9.3 12
Overweight (%) +0 140 133 127
Initial glucose excretion + 4+ 4+ + + 4+ + + -+
Ketonuria + 4+ (+) (+) (4]
Period without insulin {mo) 11 10 11 15 (cont.)
Growth dur. this period (cm) 4.5 3.0 5.0 8.0
Weight changes (kg) +1.0 —1.5 —17.5 —1.5
BS Norm. /Insul.~tr. D, Diet-treated Digb. 0GTT
mg %
400
300 {n=12) {n=4) {n=4) {n=4)
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Fig. 1. Glucose- (upper part) and insulin-values (lower part) during OGTT of 4 diet-treated diabetics (right segment)
at different intervals after manifestation, compared to the responses of non-diabetic (open circles, mean 4- 1 SD) and
insulin-dependent diabetic children (closed circles; left segment)

review of the literature on remission of diabetes is
given by Pirart and Lauvaux, 1971. In some such cases
even the diabetogenic stress of pregnancy has been
tolerated without any need for insulin treatment [7].
In others, overt diabetes remains compensated on diet
alone for a varying length of time without any necessity
for even temporary insulin treatment [26, 27, 32].
While most of the above mentioned reports refer to
remisgsions during the immediate postinitial period of
the disorder [1, 25] or after a short-term insulin treat-
ment up to 3 years [7, 12, 17, 19, 22, 34, 45], Hines and

or other insulin-releasing substances [17, 22, 26, 32] or
no response whatsoever [1, 25]. It has to be noted,
however, that these studies have been performed at
different intervals after the onset of diabetes, partly
during the initial phase [1, 25], partly during well
established clinical remission [17, 22, 26, 32]. There-
fore, they may not necessarily be comparable.

The scarcity of information on this matter may
make it worthwhile to report on insulin secretion in
some such patients during ‘“‘remission”, as a contribu-
tion to the still non-resolved question, whether or not
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a partial recovery of the pancreatic responsiveness to
physiologic stimuli is responsible for the favorable
clinical course of the disorder during this period.

Material

We have been able to follow four children aged 7.5 to
12 years, who were hospitalized in 1970 with symptoms
of overt diabetes. Three of them were obese and had little
or no ketosis. Some relevant data of these subjects have
been summarized in Table 1.

The clinical observation that diet alone — in the
obese subjects restriction of calories — within a few days
fairly well compensated the metabolic disorder (only in
F.A. augmented by an initial 12 days’ insulin administra-
tion), seemed to indicate a relatively benign course of the
disease. In each of the children, insulin could be withheld
for almost a year. Oral glucose tolerance tests (OGTT)
were performed at different intervals following the onset
of diabetic symptoms: initially (test A), 3 to 5 months
(test B), and 8 to 11 months later (test C). On each occasion
on two subsequent days either glucose alone (2 g/kg body
weight), or glucose -+ glibenclamide (5 mg-tablet per
person at time 0) was administered. 12 non-diabetic
children and 12 primarily insulin-dependent diabsetics
served as controls.

Blood sugar was measured by the ferricyanide method
of Hoffman with a Technicon autoanalyzer, plasma in-
sulin by radioimmunoassay (modification [39] of the
Hales and Randle method [18]).

Results

Glucose tolerance and insulin values at presentation
of diabetes (A) in these 4 subjects do not differ from
those of diabetic children who require insulin either
continuously from the beginning or after a short
insulin-free post-initial phase. After a 3 to 5 monthg’
period of either restricted (obese) or normal diet (F.A.)
containing about 509, carbohydrates, 35%, fat and
159, protein without any other treatment, fasting
blood sugar values are almost normal (B). Following
the glucose load, the mean blood sugar maximum is
263 mgY% as compared to 429 mg9, during the first
investigation. It occurres earlier, at one hour rather
than at two hours after ingestion. Nonetheless, the
curve is undoubtedly diabetic, exhibiting 2hr- and
4hr-values of 236 and 188 mg9,, respectively.

A small, sustained rise of the mean plasma insulin
concentration reaching a late maximum at 2hr (com-
pared to peak values at 30 min in control children) is
observed only during this period, 3 to 5 months after
diabetes manifestation (B). No change of basal values
after glucoge is geen at presentation (A), as in the in-
sulin-treated group. During the latter half of the se-
cond test (B), insulin concentrations overlap with the
one-standard-deviation-range of normal children,
which during the preceding investigation is never
reached.

Several months later (C), shortly before insulin
treatment becomes necessary in 3 of the subjects
(except M.A., s. Table 1), glucose and insulin values
resemble those of primarily insulin-treated children.
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When — for reasons of easier comparison — the
total areas under the individual blood-sugar and insu-
lin curves are calculated and matched, significant
differences exist between normal and diabetic children
for both parameters (Fig. 2).

BS
g-min Total Area, 4 hs (Xisg) 0GTT
100 ml 4
000
80 ;
60
40
20 | I
Insulin ocoo p <0.001
my-min co p <0.01
mi g ] ¢ not sign.
#
6 9 1 ¢
4 ooo
: [

n= 12 12 4 4 4

Fig. 2. Blood sugar and insulin areas of (from left to

right) normal, insulin dependent diabetics (1d) and diet-

treated diabetic children (dt) at presentation and 3 to 5

as well as 8 to 11 mo. later. Significance of differences was

calculated between normal and diabetics (id), and be-
tween id and dt subjects

mU/g| Insulin — Glucose Ratio (iisy) 0GTT
40 ooo p <0.001
} oo p <0.05
30 # not sign.
20
00
10
n= 12 12 4 4 4

Fig. 3. Insulin-glucose ratio. The different columns repre-
sent the same children as in Fig. 2

Compared to the insulin-treated diabetics, how-
ever, the non-insulin-requiring children show significant
differences only of glucose values during the second
investigation period (B). The somewhat higher insulin
output at this stage is not statistically different from
that of the insulin-treated group.

The insulin-glucose ratio (Fig. 3), calculated from
the individual areas of both parameters, only at
this period (B) demonstrates a significant mean dif-
ference from of primarily ingulin treated subjects.
Nevertheless, this value igs only about one fourth
of that in normal controls, indicating a highly in-
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sufficient insulin release. This is most evident in Fig. 4,
which compares the glucose-, insulin-, and insulin/
glucose-areas of the eldest subject, who managed to
achieve a temporarily normal glucose tolerance within
7 months after the onset of diabetes, with the respec-
tive values in the control group.

When. glucose and glibenclamide are given simul-
taneously, normal as well as diabetic subjects of both
groups exhibit a small decrease of the total glucose

Comparison Norm. Childr.{n=12) /M. A, 12 ys, Diab.
Diet only for 7 months

OGTT, Total Area

Glucose Insulin Insulin /Glucose

Fig. 4. Comparison of glucose-, insulin-, and i/g-areas of
M.A. (hatched columns) versus non-diabetic children
(white columns)

g.min 6l .
100 ml ucose Area OGTT / OGTT+Glib.
80
60
40
20 I’l—l
n= LsJ 12 9 LaJ L4 4 3

Fig. 5. Effect of glibenclamide on glucose areas (white

half-columns) compared to glucose-areas of OGTT (dark

columns). The different groups are presented as in the
preceding figures

area (Fig. 5). The existing group differences are not
influenced. In normal children, this effect seems to be
due to a faster decline of blood sugar values following
the 30 min peak (Fig. 6). No striking changes of insulin
values can be observed, except for a second peak at 2 h,
presumably derived from the delayed effect of the drug
following its slow intestinal absorption. Earlier inves-
tigations in fasting children have shown insulin max-
ima after glibenclamide administration at 90 min [48].
As in the controls, diabetic children do not exhibit
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consistent changes of plasma insulin values. The insu-
lin-glucose ratio is not increased (Fig. 7) in those dia-
betics who still possess some insulin reserve (B). The
slight elevations of this parameter in the non-respon-
sive subjects seem to represent fluctuations of the
basal line only.

BS GLUCOSE 0GTT {normal children)
mg % 2 g/kg p.o. n=5
—— sine ...
140 —.— cum glibenclomide

{5 mg po.
at O time)

120
100

o . ~

60 0

INSUL.
AU/ml

0 1 2 3 4 h

Fig. 6. Kinetics of blood sugar and plasma insulin values
in normal children during OGTT and OGTT 4 glibencla-

mide
muU /g Insulin - Glucose Ratio OGTT /0GTT+Glib.
40
30 ]
20
10
mi ]

n= L5 12 3 L4 Lgd 4 3

Fig. 7. Insulin-glucose ratios in normal an diabetic child-
ren during OGTT and OGTT -+ glibenclamide

Discussion

Different degrees of metabolic improvement follow-
ing the manifestation of diabetes mellitus have been
euphemistically called “remission”. An exact evalua-
tion of the term, however, would have to imply not
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only a complete reversal of clinical symptoms, but also
a normalisation of glucose tolerance. This, in fact,
applies to only relatively few juvenile diabetics, e.g.
those subjects reported by Hines and Kessler, Carl-
strom and Ingemanson, and some of the cases of
Lister. In the majority of subjects only “partial re-
missions” ocecur, leading to a temporary metabolic
compensation without exogenous insulin. In these
diabetics, glucose tolerance remains abnormal (e.g.
cases of Harwood, Hernandez ef al., Johansen and
Lundbaek, Kosaka et al. and Lister). Still another term,
“early partial remission”, has been applied to the
well-known state of clinical improvement in diabetic
children about a fortnight after the beginning of
insulin therapy, coinciding with a significant reduction
of insulin requirements and an amelioration, though
not normalization, of glucose tolerance (Baker et al.
[1]). Tt is doubtful, whether or not this latter term is
justified, because at this stage of the disease its sub-
sequent course cannot be foreseen. In fact, only one
child out of Baker’s series did not require exogen-
ous insulin treatment for several months.

According to the above definition, only one of the
4 subjects in this study showed complete, but tem-
porary remission, while the others exhibited partial
remission only. Neither blood sugar nor insulin values
of the first investigation (A) allowed a prediction of the
subsequent favorable progress. Even obesity influenced
neither basal nor glucose-stimulated insulin concentra-
tiong. Overt diabetes in these subjects was related to
an absolute insufficiency of glucose-stimulated ingulin
release. Only the clinical remission, retrospectively,
permitted a distinction between these and other dia-
betic children.

Nevertheless, some pancreatic reserve capacity for
a minimal insulin response to physiologic stimuli does
seem to be a prerequisite for the clinical amelioration
in these children. Exogenous factors, which may be
responsible for the acute breakdown of carbohydrate
metabolism in juvenile diabetics, were found in only
one subject (M.A.), who experienced a well-defined
disease (rubella) prior to the onset of diabetes. In the
others, no exogenous reason. for loss and recovery of
the pancreatic responsiveness was detected.

At which interval after the onset of overt diabetes
a subnormal insulin release is resumed may depend
upon the nature of the factor(s) responsible for the
metabolic imbalance at this moment. In the obese
children, the weight loss following a low calory diet
may have been contributary to the rapid eclinical
remission. The lean subject required ingulin for several
days. Concerning the time of recovery of the insulin
secretion, no systematic investigations have been done.
In Baker’s case [1], after 20 days some insulin increase
during the 4th hour following glucose ingestion was
present. In the subjects presented here no insulin
release was observed during investigation A, usually
performed on the second day after admission to the
hospital. The second test (B) was done during well
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established clinical remission, showing a little im-
provement, but far from normalization of the insulin
output. Very likely though, a glucose-stimulated in-
creage of insulin values in plasma may have been
measurable long before this time.

The better metabolic balance and the smaller
impairment of glucose tolerance during test B, as
compared to A, seems to be related to the higher a-
mount of insulin released at this period. This corre-
sponds well with the observation of Kosaka et al., who
showed an inverse relationship between glucose- and
insulin-areas during 9 glucose tolerance tests in a 17
year old diabetic woman [32]. However, the amount
of insulin released into the circulation following phy-
siologic stimuli may not be alone responsible for
the longterm partial remission, which is achieved
in these diabetics with considerably less insulin than
is usually delivered from the pancreas of normal sub-
jects. In one of the children, a normal glucose tolerance
was temporarily maintained (s. Fig. 4). As a working
hypothesis, which might explain this phenomenon, a
potentiation of the insulin effectiveness or an increase
of the insulin sensitivity of glucose utilizing tissues may
be discussed. Similar assumptions have been made by
Cerasi and Luft [8], Kipnis [30], and Luft [35] regard-
ing the insulin-glucose relations in non-diabetic adults
[8] and children [10] who exhibit a pancreatic hypo-
responsiveness to glucose infusion. In these “low-
responders’” some reduction of the K-value for periph-
eral glucoge utilization was observed, when compared
with the results in subjects with normal insulin output
[35]. This may indicate the absolute dependence of
peripheral glucose metabolism upon the amount of
circulating insulin. However, a mathematical correla-
tion between these two parameters in normal subjects
has not been found by all investigators [21, 49, 51].
Moreover, studies in dogs revealed the maintenance of
a normal K-value even 1 h after total pancreatectomy
[31]. This indicates that the acute pancreatic insulin
releage may constitute only one, perhaps not even the
most important factor for a normal peripheral glucose
metabolism. Some authors consider tissue concentra-
tions of insulin to be a more appropriate parameter of
insulin action than the amount of circulating hormone.
Its concentrations in lymphatic vessels, for instance,
gseem to correlate more closely to the impairment of
glucose tolerance following pancreatectomy than
do plasma levels [40].

Oral glibenclamide does not increase the glucose-
induced insulin output in diabetic children, neither at
presentation, nor during the partial recovery of beta-
cell function. This i3 not surprising, if the very small
response of control subjects to the combined ingestion
of glucose and the sulphonylurea compound is con-
sidered (s. Fig. 6). In fasting, non-diabetic, children
glibenclamide alone hardly increases plasma insulin
concentrations [48]. Similar results have been obtained
in adult subjects following oral tolbutamide applica-
tion [4].
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In normal children, the faster decline of blood sugar
values following glucose plus glibenclamide ingestion
could be attributed to the small increase of the pan-
creatic insulin secretion during the second hour (s.
Fig. 6). Higher insulin concentrations in the portal
vein reduce the hepatic glucose output. However,
similar decreases in the glucose areas have also been
observed in the diabetic children, who did not show
an additional insulin increase in peripheral plasma
following glibenclamide ingestion. The insulin-glucose
area of these children remains uninfluenced by the
sulphonylurea. Therefore, an extrapancreatic effect
of glibenclamide under these circumstances cannot
be excluded. An insulin-independent reduction of the
hepatic glucose release [3, 20, 41] would constitute the
most probable explanation for the observation.

In conclusion, “remission” of overt juvenile dia-
betes does seem to require the recovery of a minimal
beta-cell responsiveness to physiologic stimuli. The
insulin effect may be enhanced by an increased periph-
eral sensitivity for the hormone, comparable to the
effect, which has been assumed in so-called “low-
insulin-responders’ with still normal glucose tolerance.
In the acute experiment, glibenclamide does not in-
fluence the glucose-stimulated insulin release of dia-
betic children, even during remission. Its small effect
on blood sugar concentrations therefore may constitute
an extrapancreatic action.
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