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SUMMARY: Our prospective survey of 
50 ataxic patients confirms the previous 
finding of frequent clinical or chemical 
diabetes in Friedreich's ataxia. Eighteen 
percent of our typical cases have clinical 
diabetes and 40% at least an abnormal 
glucose tolerance curve. However, this 
finding does not appear to be specific to 
that form of ataxia. Furthermore, we 
have shown that most patients with 
ataxia have normal or low fasting insulin 
levels, but a hyperinsulinic response to a 
glucose load. 

RESUME: Notre etude prospective de 
50 patients ataxiques confirme les ob
servations de la litterature quant a 
iincidence de diabete "clinique" ou 
"chimique" dans I'ataxic de Friedreich. 
18% de nos cas "typiques" ont un 
diabete clinique et pres de 40%, une 
courbe de tolerance au glucose anor-
male. Cependant, ce fait ne semble pas 
etre specifique a cette forme d'ataxic. 
Enfin, nous avons montre que la plupart 
des patients ataxiques ont des taux 
d'insuline a jeun normaux ou diminues 
ainsi qu une reponse hyperinsulinique a 
une surcharge en glucose. 
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INTRODUCTION 

Numerous reports and several re
views have emphasized an increased 
incidence of diabetes mellitus in sub
jects suffering from Friedreich's 
ataxia. Earlier papers cited indi
vidual cases or cases appearing in 
siblings and, by 1940, Schlezinger 
and Goldstein had listed 20 cases of 
Friedreich's ataxia with diabetes. 
Ashby and Tweedy (1953) reported 2 
cases occurring in sisters and cited 2 
further cases for a total of 31 by 
1953. Several reports of individual 
cases have since appeared (Podolsky 
et al., 1964; Joffe et al., 1970). 
Podolsky and Sheremata (1970) 
place this figure at 74. 

These earlier and individual cases 
may be summarized as showing that 
diabetes occurred more frequently in 
females with Friedreich's ataxia. It 
always followed overt clinical symp
toms of ataxia. Apparently, diabetes 
was not found in the unaffected sib
lings of the ataxic subjects with dia
betes. As Ashby and Tweedy (1953) 
observed, there was no clear indica
tion as to whether the incidence of 
diabetes was greater in Friedreich's 
ataxia, than in the population at 
large and this could only be settled 
by a survey of an adequate number 
of cases of ataxia. Two such surveys 
have now been reported: 

Thoren, in 1962, studied 50 cases 
of ataxia from 13 families and found 
9 subjects with clinical diabetes and 
one prediabetic, giving an incidence 
of 20% as compared to 1.5% in the 
population at large. Only two of the 
cases of diabetes were siblings. 
Hewer and Robinson, in 1968, inves
tigated 113 cases of ataxia and found 
10 with clinical diabetes and a 
further 12 with impaired glucose to

lerance. The 10 cases of combined 
illnesses occurred in 9 sibships, to
talling 24 cases of ataxia. Two of 30 
non-ataxic sibs had diabetes. Be
cause of the above findings, it was 
imperative to investigate in some 
detail the state of glucose 
metabolism in our 50 subjects. 

SUBJECTS AND METHODS 
The patients were selected from 

families with one or more cases of 
Fr iedreich 's ataxia. Diagnostic 
criteria are described in a previous 
paper. 

Glucose tolerance text (G.T.T.) 
The subjects were given a high 

carbohydrate diet for 3 days pre-
ceeding the test. For the oral 
G.T.T., they received glucose (1.75 
g/kg body weight) and blood samples 
were collected at 0, 30, 60, 90, 120 
and 180 minutes or at 0, 15, 30, 45, 
60,90, 120, 150 and 180 minutes. For 
the intravenous G.T.T., the subjects 
received a bolus of 50% glucose 
solution (0.5 g/kg body weight) and 
blood samples were collected at 0, 5, 
10, 20, 30, 45, 60, 90 and 120 min
utes. In a separate experiment, 
serum glucose levels were obtained 
fasting and 2 hours after a carbyhyd-
rate rich meal. Serum glucose was 
measured by the Technicon Au-
toanalyzer and serum insulin by the 
double antibody radioimmunoassay. 
The glucose tolerance curves were 
evaluated according to the criteria of 
Danowsky (1957) and of Ikkos and 
Luft (1957). In the Danowsky evalua
tion, a score of 500 or above was 
considered abnormal. 

RESULTS 
The results of our studies of glu

cose and insulin metabolism can be 
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TABLE I 
Glucose and Insulin Metabolism 

Group la Group lb Group Ila Group lib 
. Number of patients 

. Clinical diabetes 
a) Insulin-treated patients 
b) Diabetic ora l -GTT 
c) Diabetic I .V . -GTT 
d) Abnormal 2 hr PC glucose 

. Chemical diabetes 
a) Impaired oral -GTT 
b) Danowski score (oral-GTT) 

mean (no. tested) 

. Insulin metabolism 
a) Fasting insulin mean 

(no. tested) JX U/ml 
b) Fasting hypoir tu l inemia 

( < 10 ^ U/ml) 
c) Abnormal insulin response 

to oral glucose (No. tested) 

33 

2 
2 

— 
2 

7 
482.7 (24) 

12.3(27) 

I I (27) 

19 (26) 

3 

0 

— 
2 

— 

— 
— 

11.7(3) 

2 (3) 

— 

6 

0 
0 

— 
0 

2 

401.3(6) 

18.4 (6) 

0 (6) 

6 (6) 

8 

0 
0 

— 
0 

0 
369.4 (7) 

11.7(4) 

1 (4) 

3 (4) 

found in Table 1. In Group la (i.e., 
typical Friedreich's ataxia), there 
were 2 cases of insulin-treated 
known diabetes mellitus. A further 2 
patients showed clearly diabetic oral 
glucose tolerance curves and 2 
more, on whom the oral-GTT was 
not performed, had abnormally ele
vated 2 hr. P.C. blood glucose 
levels. Thus we can say that 6 pa
tients with the typical form of the 
illness (18.2%) have clinical dia
betes. A further 7 patients had clear
ly impaired oral-GTT. These can be 
said to have chemical diabetes 
(21.2%), for a total of 13/33 patients 
(39.4%) with diabetes. Of these, 9 
were female, 4 male (in the total 
group 21 females; 12 males). 

In the other clinical sub-groups, 
the proportion is much lower except 
in Group lb (incomplete Friedreich's 
ataxia) where it is 66.7%; in Group 
Ila (atypical recessive ataxia — pos
sibly Roussy-Levy syndrome): no 
clinical diabetes and 2 impaired oral 
GTT; in Group Ila (mixed atypical 
ataxia): no clinical or chemical dia
betes. These findings are confirmed 
by the Danowsky scores which are 
significantly higher (mean 482.7) in 
Group la than in the control ataxia 
cases, definitely not Friedreich's 
ataxia (Group lib), where the mean 
was 369.4. Furthermore, in Group 
la, 54% of subjects had a score of 
450 and higher as opposed to 0% in 
Group lib, our ataxia control group. 

The subjects with both ataxia and 

diabetes came from 13 families with 
a total of 57 sibs; none of the non-
ataxic sibs had diabetes. In only one 
case (No. 16, Group la), an insulin-
treated diabetic, was there a positive 
family history of diabetes on both 
maternal and paternal side. 

Serum insulin levels were consi
dered abnormal with fasting levels 
below 10(xU/ml and maximum insu
lin response to oral glucose ad
ministration below 70 p U/ml 
(hypoinsulinemia), or levels greater 
than 18 u U/ml fasting and greater 
than lOO^U/ml following a glucose 
challenge (hyperinsulinemia). Fast
ing levels are not significantly differ
ent between clinical sub-groups. 
However, there were 11/27 tested 
patients in Group la who had low 
fasting insulin levels (40.7%), while 
this proportion is 66.7%, 0%, and 
25% for the other groups respec
tively. These figures are similar to 
the diabetic population identified 
above in each clinical sub-group, but 
the subjects involved are not neces
sarily identical. The same holds true 
for the abnormally high insulin re
sponses ( > 100 n U/ml) in 19/26 
(73%) of the patients from Group la, 
6/6 (100%) in Group Ila, and 3/4 
(75%) in Group lib. It is interesting 
to note that a hypersecretion of insu
lin has also been noted previously in 
ataxia telangiectasia (Schalch et.al., 
1970) and in 3 cases of Friedreich's 
ataxia (Joffe et al., 1970). Based on 
the insulin response to the glucose 

load, three groups of patients can 
clearly be delineated among those 
having both glucose and insulin re
sponses measured at the same time 
(Figure 1). A type 1 insulin response 
(seen in 3 patients from Group la), 
which is a flat or low response is 
always accompanied by a classical 
diabetic glucose tolerance curve. A 
type 2, or normal response, was seen 
in 3 other patients tested and was 
accompanied by a normal glucose 
tolerance curve. Finally, a type 3, or 
"delayed" response was seen in 4 of 
the patients studied and was accom
panied by a glucose tolerance curve 
similar to that in type 1. A total of 27 
insulin responses were calculated 
(14 with and 13 without simultane
ous glucose measurements) in the 
total group of 50 patients. There 
were 8 type I responses, 5 Type II 
(normal) responses and 14 Type III. 

DISCUSSION 
Based on these results, it may be 

said that most patients with ataxia 
have some abnormality of insulin 
metabolism, whether or not they 
have clinical or chemical diabetes 
mellitus. 

In the two previous large studies, 
Thoren (1962) found 10 cases out of 
50 ataxia cases (20%) with clinical 
diabetes while Hewer and Robinson 
(1968) found 9/113 cases (8%). Our 
own figure of 6/33 (18.2%) is similar 
to Thoren's. When impaired glucose 
tolerance curves are also assessed, 
Hewer and Robinson (1968), found 
the percentage of possible diabetics 
to be 20%, while we find it to be 
nearly 40%. However, as previously 
noted, it is dangerous to diagnose 
diabetes in severely crippled pa
tients because of the well known 
apparent glucose intolerance caused 
by immobility. In this respect, it 
should be stated that our Group lib 
ataxic patients were certainly as 
physically handicapped as the Group 
la patients with typical Friedreich's 
ataxia, but none of them fell within 
the diabetic (clinical or chemical) 
group. Thus, whatever final figure 
we adopt for Friedreich's ataxia pa
tients with diabetes (8%, 20%, 40%), 
the proportion far exceeds what is 
found in the population at large 
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INSULIN AND BLOOD GLUCOSE RESPONSES IN 
FRIEDREICH'S ATAXIA TO GLUCOSE LOAD (ORAL) 

INSULIN (nU/ml) GLUCOSE (mg%) 

200 r 200 r 

100 lOOf TYPE1 
(n-3) 

J I I I L _ l 
60' 120' 180' 0 60' 120' 180' 

200 r 200 r 

TYPE 2 

60' 120' 180' 60' \Z0' 180' 

200 r 

TYPE 3 

0 60' 120' 180' 0 60' 120' 180* 

TIME(min) 
Figure I — Insulin and blood glucose responses in Friedreich's ataxia to oral glucose 

load. 

which is generally below 2%. Al
though this is not a new finding, our 
studies confirm the presence of ab
normal glucose metabolism in 
Friedreich's ataxia, independent of 
the severity or duration of illness. 

The association of Friedreich's 
ataxia and diabetes is not a unique 
finding. Others have found increased 
diabetes with hereditary ataxias of 
different origins. Schalch et al. 
(1970) attributed the impaired glu
cose tolerance and marked hyperin-
sulinemia they found in ataxia telen-
giectasia to impaired hepatic func
tion for which there was clinical and 
laboratory evidence in his subjects. 
Collis and Engel (1968) found an 
increased incidence of diabetes in 
amyotrophic lateral sclerosis, mus

cular dystrophy, late onset 
myopathy, myotonic dystrophy and 
chronic peripheral neuropathy. 
They found the severity of glucose 
intolerance was directly related to 
the degree of handicap and muscle 
wasting, and proposed that the im
paired G.T.T. was caused by de
creased muscle mass available to 
take up the glucose load. In this 
regard, Hewer and Robinson (1968) 
observed that their patients with 
ataxia/diabetes were severely dis
abled. 

In our patients, there was no clini
cal or biochemical evidence of mark
edly impaired hepatic function al
though finer tests would be required 
to rule out this possibility. It is dif
ficult to evaluate the argument that 

decreased muscle mass was the 
reason for the diabetes in our sub
jects, but the fact that the distribu
tion of age and duration of disease in 
these subjects with both entities did 
not differ significantly from the total 
group of subjects makes this un
likely. The high incidence of hyper-
insulinemia after a glucose load in 
the presence of normal or elevated 
fasting blood glucose levels would 
indicate either hypersecretion or 
failure of end-organ utilization, but 
base line (fasting) insulin levels were 
normal or low in all groups. Further
more, as we did not find any evi
dence of hypoglycemia, it could be 
postulated that the high insulin 
levels were due to decreased activity 
at the site of utilization in the muscle 
or elsewhere. Whether this is due to 
deficiency of membrane tissue re
ceptors for insulin — as has been 
reported in diabetic animals and hu
mans — or whether it reflects a 
defect at the second messenger level 
or later metabolic control stages is 
an open question. However, these 
two hypotheses are amenable to ex
perimental investigation which we 
are currently undertaking. One 
could also postulate the secretion of 
a biologically ineffective insulin, or 
decrease in breakdown of insulin in 
the liver, although, these hypotheses 
appear less probable. 

In an interesting side-light to this 
study, which will be referred to 
elsewhere, we compared the verbal 
l.Q. of 10 typical Friedreich's ataxia 
patients with diabetes to that of 12 
typical Friedreich's ataxia patients 
without this complication. The pres
ence of diabetes was associated with 
significantly decreased verbal l.Q. 
(mean 88.5 as compared to 99.7). 
Only 1/12 patients (8%) without 
diabetes had a l .Q. below 90, 
whereas 5/10 (50%) with diabetes 
were below that level. It is possible 
that abnormal glucose metabolism in 
these patients impairs global brain 
functionning as partially reflected by 
the l.Q. tests. 

In conclusion, we can confirm that 
the incidence of diabetes (both clini
cal and chemical) is greater in pa
tients with Friedreich's ataxia than 
in the general population, but this 
finding may not be specific to this 
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type of ataxia. Furthermore, we 
have shown that most patients with 
ataxia have normal or low fasting 
insulin levels, but a hyperinsulinic 
response to a glucose load, as if the 
peripheral utilization of insulin were 
impaired. 
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