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Multiple Sclerosis and Diabetes Mellitus: 
Further Evidence of a Relationship 

SHARON A. WARREN AND K.G. WARREN 

SUMMARY: One hundred multiple 
sclerosis (MS) patients were compared to 
healthy controls to determine the pre
valence of diabetes mellitus in their 
families. Significantly, more MS patients 
than controls were diabetic or reported at 
least one first degree relative (parent, sibl
ing, child) with diabetes. The relationship 
between MS and diabetes persisted when 
second degree relatives (grandparents, 
aunts and uncles) were taken into con
sideration. 

RESUME: Nous avons compare I'incidence 
de diabete sucre dans les families chez 100 
patients atteints de sclerose en plaques 
(SEP) et 100 temoins normaux. Plus de 
patients SEP que de controles etaient eux-
memes diabetiques ou possedaient un 
proche parent (parents, fratrie, enfants) 
diabetique. Cette relation significative per
sistent dans I'elude des parents au 2e degre 
(grands-parents, oncles el tantes). 
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A greater percentage of MS patients 
with another MS relative were diabetic or 
reported a first degree relative with 
diabetes mellitus than MS patients without 
an MS relative. However the difference was 
not statistically significant. Nor was there a 
significant difference when percentages 
reporting either a first or a second degree 
relative with diabetes were compared. 

Encore plus de patients SEP rappor-
taient du diabete familial s'il y avail un 
autre cas de SEP dans leurs families. 
Cependant cette derniere difference n'etait 
pas significative. II n'y avait pas de dif
ferences signiflcatives des proportions de 
parents au premier ou second degre lorsque 
I'incidence de diabete familial fut etudie. 

Several attempts have been made to 
determine whether any other illness is 
associated with multiple sclerosis (MS) 
in both patients and their families. 
Enrenteil et al (1952), McAlpine and 
Compston (1952), and Frovig et al 
(1967) have suggested that a greater 
percentage of MS patients than con
trols or their family members, are sub
ject to allergies. Watkins and Espir 
(1969) suggest that more MS patients 
than controls may have migraine 
headaches prior to onset age. Sibley et 
al (1975) have suggested that families 
who are high risk for MS may be at in
creased risk for cancer. Documentation 
of other illnesses in MS patients and 
their families may provide clues to the 
pathogenesis of MS, and to the role of 
genetic factors. 

Recently we reported on a study 
comparing 100 MS patients to 100 
hospital patients (with other neuro
logical and rheumatological problems) 
for a variety of coexisting illnesses, and 
other illnesses among their family 
members (Warren and Warren, 1981). 
That study found no relationship 
between MS and allergy, migraine or 
cancer. However, more MS patients 
than controls were either diabetic 
themselves or reported at least one 
blood relative with diabetes. MS 
patients who reported another relative 
with MS were also more likely to report 
a family history of diabetes mellitus 
than those who had no other relative 
with multiple sclerosis. Since relation
ships of this nature had not been 
reported previously, we attempted to 
confirm them in another series using 
healthy subjects as controls rather than 
hospital patients. 

METHODS 
Study Participants 

The multiple sclerosis patients in this 
study were the first 100 who had their 
diagnoses confirmed at the University 
of Alberta MS Clinic following com-
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mencement of the study on January 1, 
1981. The majority (76%) had 
developed their initial symptoms 
between the ages of 20 and 39; 13% 
developed symptoms prior to age 20 
and 11% after age 39. Females out
numbered males by a ratio of 2.8:1. All 
but one of the patients were Caucasian, 
and the majority (99%) had spent most 
of their lives prior to age 15 in a high 
risk MS zone. Sixty-eight per cent of 
the patients were ambulatory. Thus the 
sample resembled the general distribu
tion of MS patients (Acheson, 1975). 

Controls were obtained from several 
sources and were matched to the MS 
patients on the basis of age, sex, race 
and zone of residence prior to age 15. 
The MS patients were first asked to 
recommend a control from among their 
non-blood relatives, friends and as
sociates. When this supply was ex
hausted, a woman's service club was 
approached. Members who volunteered 
to be controls were called in the order 
in which they had signed their names to 
a list circulated at their regular club 
meeting, and were matched to a female 
patient. Male controls were obtained 
from two other groups. Finally the 
staffs of the Department of Health Ser
vices Administration and Community 
Medicine, and of the Division of 
Neurology, were asked to recommend 
friends, co-workers and relatives who 
matched the remaining MS patients. 

Data Collection 
The MS patients and controls were 

interviewed by two trained interviewers 
who alternated between cases and con
trols. It was not possible to keep the in
terviewers blind, but the importance of 
questioning both groups with equal 
emphasis was stressed. Each partici
pant was asked if he/she had ever been 
diagnosed as having diabetes, at what 
age, and what treatment regimen they 
were following. They were also asked 
whether any blood relatives had ever 
been diagnosed as having diabetes, and 
to give the specific relationship, age at 
diagnosis and treatment regimen. The 
total number of first and second degree 
relatives at risk was determined (i.e. all 
aunts, uncles, siblings and children, in 
addition to grandparents and parents). 
Participants were also asked if they had 

any blood relatives with MS, and to 
name the specific relationship. 

RESULTS 
Comparison of Diabetes Rates in the 
Families of MS Patients and Controls 

Eight of the MS patients and six of 
the controls were diabetic. There was 
no remarkable difference between the 
MS patients and controls in terms of 
the percentages of their first degree 
relatives (parents, siblings, children) 
and second degree relatives (grandpar-
rents, aunts/uncles) who were diabetic. 
As a group, the MS patients reported a 
total of 30 first degree relatives and 44 
second degree relatives with diabetes. 

The patient groups' total number of 
first and second degree relatives at risk 
was 1996, so that 3.7% (N=74) were 
diabetic. The control group reported 17 
first degree relatives and 29 second 
degree relatives with diabetes. Their 
total number of family members at risk 
was 1851, so that 2.5% (N=46) were 
diabetic. 

There was a significant difference 
between the percentages of MS patients 
(31%) and controls (13%) who were 
either diabetic themselves or reported 
at least one first degree relative with 
diabetes (Table I). The relationship 
between MS and diabetes persisted 
when second degree relatives were also 

TABLE I 
Proportion of Cases and Controls Who Were Diabetic, or Reported at Least One 

First Degree Relative With Diabetes Mellitus 
Cases Controls 

% N % N 
Diabetic, or reported at 
least one diabetic first 
degree relative 31.0% 31 13.0% 13 
Reported no diabetes 43.0% 43 60.0% 60 
Missing, excluded 26.0% 26' 27.0% 272 

Total 100.0% 100 100.0% 100 
x2 = 10.5, 1 df, P < .01 
'Eighteen cases who had a diabetic grandparent or aunt/uncle only, seven cases 
who reported only some other relative neither first nor second degree (e.g. cousin, 
niece/nephew), one adopted case. 

Seventeen controls who had a diabetic grandparent or aunt/uncle only, nine who 
reported only some other diabetic relative, one adopted control. 

TABLE II 
Proportion of Cases and Controls Who Were Diabetic, or Reported at Least One 

First or Second Degree Relative with Diabetes Mellitus 
Cases Controls 

% N % N 
Diabetic, or reported at 
least one first or second 
degree relative with diabetes 49.0% 49 30.0% 30 
Reported no diabetes 43.0% 43 60.0% 60 
Missing, excluded 8.0% 81 10.0% 102 

Total 100.0% 100 100.0% 100 
x2 = 7.4, 1 df, P < .01 
'Seven cases who reported only a diabetic relative who was neither first nor se
cond degree, one adopted case. 

2Nine controls who reported only a diabetic relative who was neither first nor se
cond degree, one adopted control. 
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taken into consideration, with signi
ficantly more MS patients (49%) than 
controls (30%) reporting that they were 
diabetic or had at least one first or se
cond degree relative with diabetes 
(Table II). Some of the MS patients and 
controls mentioned only cousins, ne
phews/nieces with diabetes, but these 
were excluded from the above analyses 
because they were not full blood 
relatives. 

MS Patients with a Family History of 
Both MS and Diabetes 

Twenty-nine per cent of the MS 
patients reported a blood relative with 
MS. The majority of cases reported 
were verified through interrogating 
family members who might confirm the 
information. Cousins, nieces and 
nephews were included here, since it is 
more probable that susceptibility to MS 
was acquired from the MS patients' 
family than through marriage. 

Of those MS patients reporting a 
relative with MS, 44.8% (N= 13) were 
diabetic or reported a first degree 
relative with diabetes, and 55.6% 
(N= 16) were diabetic or reported 
either a first or second degree relative 
with diabetes. 

Of the patients who had no relative 
with MS, 25.7% (N= 18) were diabetic 
or reported a first degree relative with 
diabetes, and 47.1% (N = 33) were 
diabetic or had either a first or second 
degree relative with diabetes. Thus, 
there tended to be an increased 
prevalence of diabetes in families where 
there was more than one member with 
MS, although differences between the 
quoted percentages are not statistically 
significant at the .05 level. 

Limitations of the Findings 
No attempt was made to verify the 

information on diabetic relatives given 
by the MS patients or controls. This 
would have entailed contacting many 
relatives of both groups. If we had con
tacted only those identified as having 
diabetes, we might have been able to 
estimate overreporting but we would 
also have had to contact all relatives 
not listed as diabetic, in order to es
timate underreporting. The time and 
cost to accomplish this were prohi
bitive. 

Nevertheless we consider it unlikely 
that either MS patients or controls 
would report incorrectly, or be un
aware of, diabetes in a parent, sibling 
or child. In light of the hereditary fac
tor, we also feel that most of the MS 
patients and controls would be alert to 
diabetes among their grandparents, or 
aunts and uncles. Both the MS patients 
and controls were able to provide infor
mation on age at diagnosis and treat
ment regimen for more than 75% of the 
relatives named as diabetic. The ability 
to provide these details suggests that 
neither group was reporting illness 
where it did not exist. Finally, the MS 
patients reported that 3.7% of their 
relatives at risk were diabetic, and the 
controls reported 2.5%; both figures 
are within the prevalence range of 2-
4% estimated for the general popula
tion (Forbath, 1981). 

Differences in the age, sex, and 
socio-economic status of the MS 
patients' and controls' family members 
might affect their rates of diabetes. We 
do not have complete information on 
the socio-economic status of the 
families of patients and controls but the 
patients and controls did not differ in 
terms of occupational category. There 
was a tendency for the patients' fathers 
to have been farmers, while the con
trols' fathers clustered in the white col
lar category. However, diabetes is con
sidered to be more prevalent among the 
higher socio-economic classes (Steinke 
and Thorn, 1974). There was no signifi
cant difference between the MS 
patients and controls according to the 
percentages of male or female relatives 
they reported. We had no specific in
formation on the ages of their relatives 
but, since the patients and controls 
were age-matched, we might infer that 
the age distribution of their relatives 
would be similar. 

No bias was introduced by the 
means in which controls were selected 
to supplement those who were recom
mended by the MS patients. Of the 34 
woman's club controls used, 35.3% 
(N=12) were diabetic or reported a 
family member with diabetes; of the 17 
controls recommended by the two 
other organizations, 23.5% (N=4) 
reported diabetes; of the 30 staff-
recommended controls, 26.7% (N=8) 

reported diabetes; for the 19 patient-
recommended controls the figure was 
36.8% (N= 7). There was no significant 
difference between any of these percen
tages. 

DISCUSSION 
Comparison with the Previous Study 

This study confirms the relationship 
between multiple sclerosis and diabetes 
mellitus observed in our previous 
report (Warren and Warren, 1981). In 
both studies, significantly more MS 
patients than controls were diabetic or 
reported at least one first or second 
degree relative with diabetes. This time, 
the difference between MS patients and 
controls was greater; 19% more of the 
MS patients reported a family history 
of diabetes than the controls. In the 
previous study, only 13% more of the 
MS patients reported diabetes than the 
controls. 

In contrast to the previous study, 
this one found no statistical association 
between familial multiple sclerosis and 
diabetes mellitus, though there was an 
increased prevalence of diabetes in 
families where there was more than one 
member with MS. 

Although both studies indicate a 
possible relationship between multiple 
sclerosis and diabetes mellitus, support 
for such a relationship is expressed 
somewhat differently. In the previous 
study, MS patients and controls were 
not specifically asked about the 
prevalence of diabetes in their families; 
the relationship was noted fortuitously. 
In this study, both groups were asked 
about diabetes in detail, which should 
have improved the reporting. Thus one 
might have expected the MS patients 
and controls to differ more if a 
relationship between MS and diabetes 
does in fact exist. If diabetes is as
sociated with other neurological and 
rheumatological diseases for which 
some of the original controls may have 
been hospitalized, the use of healthy 
controls rather than hospital patients 
may have had an effect. 

The association between familial MS 
and a family history of diabetes mel
litus may have disappeared in this 
study, as a result of a different pattern 
in the reporting of diabetes by female 
MS patients. The previous study in-
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eluded 70 female and 30 male MS 
patients. A smaller proportion of the 
women (32.9%, N= 23) reported a 
relative with diabetes than the men 
(46.7%, N= 14). However, among the 
12 women reporting another MS 
relative, 75% (N=9) reported a 
diabetic relative; while, among the six 
men reporting an MS relative, only 
50% (N=3) reported diabetes in their 
families. 

This study included 74 female and 
26 male MS patients. This time 56.8% 
(N=42) of the female MS patients and 
53.9% (N= 14) of the men reported a 
relative with diabetes, approximately 
equal proportions. Similarly, among 
the subgroup of MS patients with 
another MS relative, approximately 
equal proportions of women (56.5%, 
N= 13/23) and men (50%, N=3/6) 
reported a relative with diabetes. 

The reason for the discrepancy in the 
female reporting is not clear. Since the 
mean age of the females with another 
MS relative was almost identical in the 
two studies (38.4 and 39.3 respective
ly), age is probably not a contributing 
factor. The prevalence of diabetes in 
the general population increases with 
age (Steinke and Thorn, 1974), but the 
first group's relatives should not have 
had longer than the second group's 
relatives to develop diabetes. Some dif
ferences in the sex distribution of the 
womens' relatives at risk in the two 
studies may account for the difference, 
since women past a certain age have a 
greater risk of developing diabetes than 
men (Steinke and Thorn, 1974). 

A dditional Information Provided 
Several points were raised when the 

original study was published. The most 
frequent criticism was that no distinc
tion was made between juvenile-onset 
and adult-onset diabetes. In this study, 
we asked participants to state both the 
age at onset in their diabetic relatives 
and the treatment regimen being fol
lowed. 

Only one MS patient, and none of 
the controls, listed a first or second 
degree relative with juvenile-onset 
diabetes. Treatment regimens were 
tabulated for the MS patients and con
trols, and for first and second degree 
relatives. None of the MS patients, and 

only one control, were taking insulin. 
Of the MS patients' relatives who were 
diabetic, 28.8% (N=19 out of 66 for 
whom information was available) were 
taking insulin, while the remainder were 
being treated by diet alone, or some 
combination of diet and oral medica
tion. Of the controls' first and second 
degree diabetic relatives, 20.9% (N=9 
out of 43) were taking insulin. 

Juvenile-onset or insulin-dependent 
diabetes mellitus (IDDM) is strongly 
associated with the DR3 haplotype, 
and there is evidence that DR3 is also 
increased in MS patients (Ebers, 1980). 
Therefore it would not be surprising to 
find an increased frequency of IDDM 
among MS patients. However our 
studies indicate that the relationship is 
between multiple sclerosis and adult-
onset or non-insulin-dependent dia
betes, since the difference between our 
MS patients and controls, in terms of 
the proportions of their diabetic 
relatives being treated by insulin, was 
less than ten per cent. 

Implications of the Findings 
In our previous report (Warren and 

Warren, 1981), we suggested that an 
association between MS and diabetes 
mellitus might indicate that some 
metabolic disorder is involved in the 
development of MS. For example, 
Alter (1977) and Dick (1976) have 
hypothesized that dietary excesses of 
certain fats may cause errors in the for
mation of myelin, rendering it unstable 
or susceptible to attack by some causal 
agent such as a virus. Abnormalities in 
fat metabolism have been observed in 
diabetic patients with relatively mild in
sulin deficiency (Sherwin and Felig, 
1978). 

Other authors (Craelius, 1978; 
Goldberg, 1974) have presented evi
dence that adequate supplies of cal
cium are necessary for proper myelin 
development. However Raskin et al 
(1978) have associated uncontrolled 
diabetes with an excessive urinary loss 
of calcium in adult diabetics; and Hos-
kins et al (1979) found a significant de
crease in active uptake of calcium by 
the kidney in streptozotocin-diabetic 
rats, prior to evidence of nephropathy. 

It has also been hypothesized that a 
disorder in myelin synthesis underlies 

the neuropathy in diabetes. Thomas 
(1965) has demonstrated loss of myelin 
corresponding to segments of nerve un
derlying individual Schwann cells in 
single isolated nerve fibers from 
diabetic patients. This supports the idea 
that diabetic neuropathy reflects a dis
order of the Schwann cell, which ex
presses itself by defective myelin for
mation. Spritz (1978) has reviewed the 
evidence for and against this theory, in
cluding research which indicates that 
hormones known to be present in 
diabetes influence metabolic reactions 
in the Schwann cell related to the syn
thesis of myelin. 

Roberts (1966) observed decreased 
glucose tolerance in 12 MS patients, 
and hypothesized that multiple scle
rosis is a reaction by the nervous 
system to metabolic injury resulting 
from the combined effects of gluco-
penia and edema, enhanced by a chro
nically hyperinsulinized state. He has 
suggested that the ingress of water into 
myelin disrupts its maximal intermole-
cular cohesion and functional integrity. 

Sorensen et al (1980) recently 
reported decreased levels of somato
statin, a polypeptide secreted by the 
hypothalmus which inhibits the release 
of insulin in MS patients suffering acute 
exacerbations. 

Whether any of these observations 
have implications for a link between 
diabetes mellitus and multiple sclerosis 
is speculative. This study does provide 
further evidence tha t such a 
relationship does exist. 
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