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Observations on the Etiology and Therapy of "Brittle" Diabetes
GEORGE D. MOLNAR, M.D., Rochester, Minn., U.S.A.

ABSTRACT

Salient aspects of prolonged metabolic
studies on seven excessively labile diabetic
patients and a review of the literature con-
cerning causation and therapy of brittle
diabetes are presented. Brittleness is rede-
fined as "a syndrome of excessive insulin-
sensitivity and ketosis-proneness manifested
by extreme and unexplainable short-term
and long-term fluctuations in the para-
meters of the disease". Evidenee on the
causation of hyperlability points to dys-
function of plasma-protein transport and
of hepatic and peripheral tissue metabolism
of insulin. No objectively demonstrable com-
plete and lasting stabilization was possible
by means of any antidiabetic or adjunctive
therapeutic measures. However, achieve-
ment of quantitative improvement in the
accuracy of regulation of diabetes and
moderation in deviations from the accept-
able range of parameters were feasible. To
this end, therapy recommended for every-
day use incorporates the following prin-
ciples found to be most helpful in following
the oscillations of the disease on the re-
search ward: flexibility in the plan of
therapy; accuracy, especially in timing of
therapeutic events; and employment of an
insulin program best suited to the patient's
needs and comfort.

SOMMAIRE

L'auteur expose les aspects saillants d'une
longue 6tude m.tabolique portant sur sept
malades atteints de diabete labile tr.s
prononc6 et passe en revue la litt6rature sur
l'6tiologie et le traitement de cette forme
de diabete. L'instabilit6 du diabete labile
est de nouveau d6finie comme 6tant "un
syndrome d'hypersensibilit6 . l'insuline et
une tendance excessive . l'ac6ton6mie, se
manifestant par des fluctuations, extremes
et inexplicables, tant .i court terme qu'.
long terme, des param.tres de la maladie."
En ce qui concerne les facteurs 6tiologiques
de cette hyperinstabilit6, certains signes
tendent .t d6montrer qu'elle peut relever
d'un trouble du transport des prot6ines plas-
matiques et d'un trouble fonctionnel du
m6tabolisme de l'insuline, au niveau du
foje et des tissus p6riph6riques. Aucun anti-
diabetique, ni aucun moyen th6rapeutique
adjuvant n'a permis d'assurer une stabilisa-
tion durable et complete de l'affection, du
moins qui soit d6montrable objectivement.
Toutefois, il a 6t6 possible d'am6liorer
quantitativement et avec pr6cision Ia r6gu-
lation du diabete et de maintenir, dans des
limites acceptables, les d6viations des para-
metres. A cette fin, le traitement routinier
quotidien devrait se baser sur les principes
suivants qui se sont r6v616s tr.s utiles pour
pouvoir suivre les oscillations de la maladie,
dans la salle d'observation: souplesse du
traitement global, pr6cision et ponctualit6
des mesures tberapeutiques et recours
l'insulinoth6rapie qui est la mieux adapt6e
aux besoins et au bien-.tre du malade.



954 MOLNAR: ETIoLOGY AND Tm.r. OF "Bnrrru." DIABETES

of the patient or physician, and requires that a
rigorous and usually prolonged trial of therapy be
undertaken before the term is applied. As we see
it, only when regimens of diet, exercise and insulin
have been finely adjusted and considerable oscilla-
tions between hyperglycemia and hypoglycemia
still remain is use of the term "brittle" equitable.
The cardinal symptom is the unexpected and un-
predictable occurrence of hypoglycemic reactions.
However, even when these are held to a minimum,
tests of the blood and urine for glucose and other
indices of diabetes yield highly variable results.
The definition in each case is difficult. Small

wonder that it is hard to estimate the frequency of
occurrence of brittleness in diabetes. The incidence
of 2 to 1O%46 assigned to brittle diabetes in the
insulin-using diabetic population may be too high
or too low, depending upon the criteria applied. On
the one hand, physicians may be too likely to make
the diagnosis of "brittle diabetes" in patients who
do not follow instructions as a consequence of
error or neglect. On the other hand, the diabetes
of some patients may appear to be more stable
than it really is because regulation of their diabetes
is so poor that even the nadirs of their blood-
glucose waves are within the hyperglycemic range.
Incidentally, probably not too many instances of
true hyperlabile diabetes are missed because of
faulty regulation and neglect; actually, victims of
this form of diabetes are so susceptible to keto-
acidosis as to become comatose if insulin deficiency
is permitted to become progressively more severe.
Overly zealous therapy with excessive doses of
insulin can, of course, make inherently stable dia-
betes appear labile.7 Thus, the diabetes of such a
patient oscillates between extremes of insulin-in-
duced hypoglycemia and endogenously (counter-
regulatory factors) and exogenously (therapeutic-
ally) produced hyperglycemia. The latter extreme
tends to result as body, patient and physician
strive to undo the ravages of too much insulin.
As etiologic and therapeutic factors affecting

lability in diabetes are presented herein, I believe
our definition of brittleness will be clarffied, docu-
mented and justffied.

EnoLoGIc CONSmERATIONS

Fundamental to any realistic hope for the
rational therapy of brittle diabetes is acquisition of
information concerning etiologic factors which
make the disease of such patients unstable. Candor
compels the admission that very little such informa-
tion is presently available. A systematic survey of
the field is nevertheless enlightening.

It is known that in the normal, non-diabetic state,
the release of insulin is intimately associated with
the concentration of glucose in pancreatic arterial
blood.8'9 The supply of insulin is adjusted on a
minute-to-minute basis to the body's needs.10 It may
be that the liver; rather than the pancreas, is re-
sponsible for minute-to-minute regulation1' In any
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case, in the patient dependent on an exogenous
supply of insulin, only crudely gauged by patient or
physician, the automatic relationship of insulin
supply of bloochglucose concentration is lost. This
loss of automaticity might be expected to lead to
loss of stability and failure of prompt compensation
for either hyperglycemia or hypoglycemia. Logic-
ally, therefore, the diabetic person dependent upon
exogenous insulin would be expected to have wide
fluctuations in values for blood glucose. What is
to be wondered at is that so many insulin-taking
persons have stable diabetes and that so few have
the disease in its highly unstable form. Indeed, the
pathophysiologic aspects of whatever factor(s)
permits stability in diabetes might be worth in-
vestigating.

There is no scientific evidence to justify blaming
brittleness on either a total lack of endogenous
insulin or the opposite, namely, undesirable and
ill-timed addition of spontaneously released endo..
genous insulin to the supply of exogenous insulin.
Both the extremes mentioned, however, remain
etiologic possibilities worthy of study.
More to the point in any explanation of an ap-

parently erratic mechanism of insulin activity
would be the theory of irregularity in the binding
and release; that is, the inactivation and reactivation
of insulin by serum or tissue proteins. In all patients
who have taken insulin for about three months,
such insulin-binding by so-called insulin anti-
bodies is readily demonstrable.'2 It is regrettable
that at present methods for the measurement of
the magnitude of insulin-binding are too crude to
permit assay of the relatively minor changes which
could account for the excesses or deficiencies of
active insulin which in turn might explain the
fluctuations of brittle diabetes.'3

Studies of the dynamics, meaning the magnitude
and rate of association and dissociation between
exogenous insulin and insulin antibody in the same
patient but at different times, are even more diffi-
cult to do and the results thus far are of no
help.'3' 14

In groups of pregnant and of menstruating dia-
betic women we have serially measured insulin-
binding capacities in relation to major and minor
changes in apparent insulin needs.'3 Some of our
patients had diabetes which was definitely brittle.
With the techniques available to us, a remarkable
constancy of insulin-binding was demonstrated in
each patient from hour to hour, day to day and
even year to year.
That insulin is not exclusively bound by serum

proteins but also is bound by the tissues has al-
ready been mentioned. Specifically, hepatic and
peripheral tissue-binding is known to occur.'."6
Both these processes may be etiologic factors in
lability. Madison and Unger'5 have pointed out the
different results obtained from supplying insulin
via the natural pathway and the artificial ingress,
meaning the portal versus the systemic circulations
to the liver. They also redemonstrated the profound
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Fig I Method of charting values for insulin given, and
for the urinary excretion of glucose weight and content of
blood sugar in a 31 year old volunteer with brittle diabetes
who had been diabetic for 23 years

Insulin therapy dotted area single daily dose of lente
insulin
Cross-hatched area - single daily dose (mixed with lente)

or night dose of semilente insulin.
Arrow = unmodified (regular) insulin.
Daily dose of insulin is indicated cumulatively upward.
i.t. = insulin tolerance test (intravenous).
Symbols = insulin reactions as follows: = light; . -

mild; = moderate; = severe.
Solid vertical bars = hourly glucose excretion in four daily

fractions; dotted bars = 24-hour total glucose excretion.
Solid circles = blood-glucose values; those connected were

obtained within the same day.

The second figure2 continues where the first con-
cluded. It illustrates that a regimen of four doses
a day produces good diabetic control, a state which
deteriorates when the one-daily-dose program is
resumed.
Our results, analyzed statistically,2 validate the

signfficance of the advantage of short-term predic-
tion over the long-term extrapolation in the
management of labile diabetes. It is evident in the
figures that fluctuations and insulin reactions have
never completely left the clinical picture.

II

'I
.1.I .,

Fig. 2.-Values obtained from the same patient as in
Fig. 1: it is seen that good control is maintained by use of
a regimen of four doses of insulin a day as opposed to one
dose a day.
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TABLE 111.-INSULIN THERAPY FOR PATIENTS WITH HYPER-
LABILE DIABETES

1. Four dose8* a day:
(a) Unmodified insulin taken every six hours.
(b) Unmodified insulin taken every five hours during the

day; semilente for a nine-hour night period.
.. Three doses* a day:

Unmodified insulin taken before breakfast (. 7 a.m.) and
lunch (. 1 p.m.); semilente before supper (. 7p.m.)

3. Two doses*aday:
Semilente insulin: 2/3 to 4/5 of daily dose before breakfast;
1/3 to 1/5 of daily dose before supper or at bedtime.

4. One dose* a day:
Lente or ad hoc semilente-ultralente mixture (with addi-
tional unmodified insulin if needed).

a general rule, we recommend that the dose be modi-
fied on the basis of results of qualitative urinalysis for the
glucose content of freshly voided specimens. Usually such a
test is most helpful in the 10- to 40-unit dosage range: four or
more hours after an injection of unmodified insulin; six to
eight hours after an injection of semilente insulin; or 14 to 24
hours after an injection of ultralente insulin. The magnitude
of the change in the dose recommended varies according to the
degree of glycosuria present and the presence of ketonuria,
and, above all, with the previously established dosage-pattern
worked out by or for the individual patient by trial and error.

illustrate the principles shown in Table IL. Table
III includes consideration only of unmodified
(crystalline-zinc, regular) and of the lente insulins.
This has been done to avoid confusion between
the several intermediate and long-acting insulins.
Isophane (NPH), globin and protamine-zinc insulin
probably can be used equally efficaciously in place
of lente (30% semilente and 70% ultralente
mixture), semilente and ultralente, respectively.
Most of our truly hyperlabile patients cannot be

managed satisfactorily on a single injection daily.
The 70% ultralente component of the lente mixture
often provides excessive insulin action for the night.
When an ad hoc semilente-ultralente mixture is
worked out, it commonly contains half or less in
the form of the long-acting insulin. However, when
the degree of lability of a patient's diabetes is being
evaluated, it seems appropriate to start with one
dose a day and to proceed to more complex and
cumbersome schemes as shown in Table III, pro-
ceeding inversely from point 4 to point 1. It is best
to proceed slowly (in terms of months) and to
accept the least complex regimen which will permit
both a socially and medically acceptable existence
for the patient.

SUMMARY

Brittle diabetes mellitus is redefined as a syndrome
of extreme and unpredictable metabolic lability not
amenable to stabilization by presently used antidiabetic
measures. Dysfunction of plasma protein transport and
of hepatic and peripheral tissue metabolism of insulin
may cause the hyperlabiity in these excessively insulin-
sensitive and ketosis-prone patients. Therapeutic recom-
mendations include flexible, short-term insulin pro-
grams designed to follow oscillations of the disease
with the most appropriate dietary and exercise
regimens, as well as attempts at emotional and social
adjustment for the patient.
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Le dosage des s6romucoides dans la cardite rhumatismale
(Etude de 120 cas)

GHISLAINE GILBERT, M.D., MICHEL GELINAS, M.D. et
PAUL DAVID, M.D.,* Montre'al

SOMMAIRE

Une Stude du dosage des s6romucoides a
6t6 faite chez 120 cas de cardite rhumatis-
male Ag6s de 5 .i 20 ans, dans Ia phase
aigui., subaigu&i ou chronique de la maladie.
Les r6sultats obtenus montrent que: (1) le
taux des s6romucoides est .lev6 chez nes 32
cas aigus et demeure au-dessus de la
normale durant toute la crise rhumatismale;
(2) le test n'est pas influenc6 par le traite-
ment aux st&oides; (3) le dosage est plus
6lev6 dans les formes graves de la maladie.
C'est done un test utile pour poser le dia-
gnostic, suivre l'6volution et 6valuer Ia
gravit6 des cas de fi.vre rhumatismale.

ABSTRACT

Seromucoid values were determined in 120
patients with rheumatic carditis, aged 5 to
20 years, who were in the acute, subacute
or chronic phase of the disease. The follow-
ing results were obtained: (1) Seromucoid
values were elevated in all 32 of the acute
cases and remained above normal as long
as rheumatic activity was present. (2)
Seromucoid values were unaffected by corti-
sone therapy, unlike the sedimentation rate
and the level of C-reactive protein. (3)
Greater values for seromucoid were found
in severe cases.

This study suggests that seromucoid de-
termination is a useful method for follow-
ing rheumatic activity and may be of value
in assessing the severity of the disease.

LE diagnostic et 1'6volution de la fi.vre rhu-
matismale reposent sur r6valuation des signes

inflammatoires.' Ces signes sont extra-cardiaques,
cardiaques et biologiques. Les r6actions biologiques
qui traduisent le retentissement humoral de la crise
rhumatismale sont mesurables au laboratoire.2 Les
examens d'usage sont le taux de s6dimentation des
6rythrocytes et le dosage de la prot6ine C-r6active.
Ces examens sont influenc6s par la th6rapie aux

Ce travail a . subventionn. par un octrol du Minist.re de
Ia Santd de Quebec, suivant les ententes fdd.ra1es et pro-
vinciales: projet No. 604-7-347.
lnstitut de cardiologie de Montr.a1 et H6pital Marle-Enfant.

st6ro.des employ6e commun6ment dans le traite-
ment de nos cas de cardite rhumatismale. Pour cette
raison, nous avons voulu d6terminer la valeur du
dosage des s6romucoides, car cette 6preuve serait
un bon indice d'inflammation et 6chapperait .
1'influence des st6roides. Nous avons 6tudi6 la
contrIbution de ce test au diagnostic et . 1'6volution
de la fi&vre rhumatismale. Ii fut donc utilis6 dans
toutes les phases de la maladie, aigu., subaigu. et
chronique.


