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Summary. An investigation of possible association be- 
tween diabetes mellitus and blood groups and genetic se- 
rum types has been performed. 190 patients with dia- 
betes mellitus were tested for several genetic erythrocyte 
and serum protein markers, and compared with healthy 
controls. An association between diabetes mellitus and 
the ABO system, as reported in earlier literature, was not 
found. Although the results in the Rh, Hp and Gm systems 
indicated an association with diabetes mellitus, these 
findings have been interpreted with caution. No asso- 
ciation was found for the MN, Nell, Go, Ld, Lp or Ag 
systems. 

Groupes sanguins et types gdngtiques du s~rum dana le 
diabgte sucrd. 

Rdsumd. La question d'une association possible entre 
le diab~te sucrG, les groupes sanguins et les types gGnG- 
tiques du s6rum a gt6 6tudiGe. 190 patients atteints de 
diabgte ont 6t6 examinGs pour des caractdristiques g6n6- 
tiques des 6rythrocytes et des protGines du s6rum avee 
comparaison des rGsultats avee des personnes de contr61e. 
Une association entre le diab~te et le syst~me ABO, rap- 
portGe dans la littGrature antgrieure, n'a pas 6t6 trouvGe. 
Les rGsultats pour les systgmes 1%h, Hp et Gm qui pour- 

raient indiquer une association avec le diab~te ont 6t6 
interpr~tGs avee prGcaution. Aueune association ne se 
trouvait pour les systgmes MN, Nell, Go, Ld, Lp ou Ag. 

Blutgruppen und genetische Serumtypen bei Diabetes 
mellitus. 

Zusammenfassung. Es wird eine Untersuchungsreihe 
fiber den mGglichen Zusammenhang zwischen Diabetes 
mellitus, Blutgruppen und genetischen Serumtypen vor- 
gelegt. 190 Patienten mit Diabetes mel]itus wurden im 
Hinblick auf verschiedene genetische Erythrocyten- und 
Serumeiweil3kennzeichen untersucht und mit einer nor- 
malen Kontrollgruppe verglichen. Ein Zusammenhang 
zwisehen Diabetes mellitus und dem ABO-System, wie 
dies in der friiheren Literatur berichtet wurde, liel3 sich 
nicht feststellen. Obgleich die Ergebnisse in den Rh-, ttp- 
und Gm-Systemen eine Beziehung zum Diabetes mellitus 
aufzeigten, wurden diese Befunde mit Vorsieht interpre- 
tiert. Keine Beziehung wurde fiir die MN-, Kell-, Gc-, Ld-, 
Lp- oder Ag-Systeme gefunden. 

Key-words: Diabetes mellitus, blood groups, serum 
types, genetics, association, l~h system. 

An association between a blood group and disease, 
was first demonstrated by AIt~D, BENTALL and I~O- 
BS.~TS (1953). In  an investigation of diabetes mellitus 
(McCo~NELL, PYKE and ROBerTS, 1956), an associa- 
tion with blood group A was found. Later studies have 
failed to confirm this finding (ANDERSEN and LAU- 
~ITZE~r, 1960; MACAFEE, 1964). 

The information on the distribution of genetically 
determined serum protein types in diabetes mellitus 
is meagre. The haptoglobin types of 98 patients (SI~P- 
sosr, GvNSON and SMITItISS, 1962), showed no signif- 
icant deviation from the control material. The finding 
of an increased frequency of the phenotype Ag(ad-) 
among patients with diabetes mellitus (BLu~BE~C, 
1964), suggested a relation between a genetic fi-lipo- 
protein type and diabetes mellitus. Thus it appeared 
particularly interesting to confirm this finding, and 
to investigate whether there was any association 
between this disease and the 2 new genetic systems of 
fi-lipoportein; the Lp and Ld systems ( B ~ ,  1963; 
BE~O, 1965). 

In  view of the conflicting blood group findings, and 
the limited data on serum types, an investigation of 
blood groups and serum types in diabetes mellitus 

* Supported by the fund "Aktieselskabet Freia Cho- 
colade Fabriks Medicinske Fond", Oslo. 

has been performed. The data are reported in detail, 
so that  information that  may emerge from future 
studies can be added. 

Materials 

Diabetes mellitus patients. All the patients with 
diabetes mellitus available at the Hospital of Det 
Norske Diakonhjem, Oslo, in the period from February 
14 to July  3, 1964, were included in the investigation. 
The majority of the diabetes mellitus patients were 
out-patients attending regularly at the Department 
of Internal Medicine; the remainder were hospitalized 
patients in the same department. In  all, samples from 
190 patients from the Oslo area were obtained; 86 
were males and 104 were females. The mean age of the 
males was 50.5 years (range: 14--86 years) and of the 
females 57.2 years (range: 14--86 years). Not all 
patients were tested for all markers under study, 
hence, for a number of comparisons, somewhat less 
than 190 patients are included. No clinical subdivision 
of the patients with diabetes mellitus was made be- 
cause of the small number. 

None of the patients had received blood trans- 
fusions in the 3 months prior to obtaining the blood 
sample. 

Controls. For each system, the patients were corn- 
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pared with the largest published material  of unrelated, 
normal individuals from the same area of Oslo. The 
following were used as controls : for the ABO and MNS 
systems, 3089 persons tested by  HARTMA~ and 
LU~-DEVALn (1944); for the Rh system, 1000 persons 
tested by  HARTMA~', BRE~-DEMOE~ and BRE~DE- 
MOEN (1951) ; for the Ke]l system, 1000 persons tested 
by  Hmsw6 (1953) ; for the Gc system, 978 persons tested 
by  REINSKOU (1965) ; for the Hp  system, 1000 persons 
tested by  FLEISCtIEIr and LUNDEVALL (1958); for the 
Gm system, 680 persons tested by  HARBOE and Lv~-  
DEVALL (1961); for the Ld system, 162 persons tested 
by  BERG (1965) ; for the Lp system, 314 persons tested 
by  BERG (1963) and for the Ag system, 187 persons 
tested by  BERG (1964). Whenever the statistical tests 
performed with these controls indicated an association 
between diabetes mellitus and a genetic marker,  the 
association was retested with a different control group 
consisting of unrelated adults involved in paterni ty  
cases, tested in the same laboratory,  with the same 
reagents, by the same person, on the same day as the 
pat ient  group. When this smaller control material  was 
compared with the larger control material, no signif- 
icant indication of heterogeneity in any genetic 
system was found. 

of each blood sample was separated, and the tests 
were performed. Both the serum and erythrocytes 
from each sample were given code numbers and inclu- 
ded in the routine tests of samples from persons in- 
volved in paterni ty  eases. Thus, the persons perform- 
ing and reading the tests did not know which samples 
were from patients and which from individuals invol- 
ved in eases of disputed paternity.  The classification 
within the erythrocyte systems, as well as within the 
serum systems Ge, t i p  and Gm, was made using well 
known, s tandard techniques. The l~h type determi- 
nations were performed with the following 4 antisera : 
anti-C, anti-D, anti-E, and anti-c. Some of the rarer 
genotypes were therefore not distinguished from the 
more frequent ones (for details, see Table 32 in I~ACE 
and SANGS.R (1962)), but  the frequencies of the com- 
plexes I~', Ro, i~", and l~z are low in the normal Nor- 
wegian population. Tests for the genetic, antigenic 
variants  of the fl-lipoproteins were performed as 
described earlier (BERG, 1965). The anti-Ag(a) serum 
was kindly given to us by  Dr. B.S.  BZUMBERG, Na- 
tional Inst i tutes of Health, Bethesda. The anti-Lp(a) 
and anti-Ld(a) sera have been described earlier 
(BERG, 1963; BERG, 1965). 

Statistical analysis.  The patients and controls were 
arranged in 2 • n tables according to their genetic 

Table 1. The A B O  system. Distribution of diabetes mellitus patients and controls 

Blood group Total 
A1 A~ B AIB AsB O 

Diabetes mellitus Obs. 74 Obs. 17 Obs. 13 Obs. 3 Obs. 0 Obs. 69 176 
patients (Exp. 72.8) (Exp. 14.1) (Exp. 14.7) (Exp. 5.0) (Exp. 1.1) (Exp. 68.3) 

Controls Obs. 1276 Obs. 245 Obs. 259 Obs. 90 Obs. 20 Obs. 1199 3089 
(Exp. 1277.2) (Exp. 247.9) (Exp. 257.3) (Exp. 88.0) (Exp. 18.9) (Exp. 1199.7) 

Total 1350 262 272 93 20 1268 3265 
Obs. : observed numbers 
Exp. : expected numbers 
Z 3 = 2.102, 5D.F.,  0.80 < P < 0.90. 

Table 2. The 3/IN system. Distribution of diabetes mellitus patients and controls 

Blood group 
Total 

~[ IgN N 

Diabetes mellitus Obs. 49 Obs. 90 Obs. 41 180 
patients (Exp. 50.5) (Exp. 91.1) (Exp. 38.4) 

Controls Obs. 868 Obs. 1565 Obs. 656 3089 
(Exp. 866.5) (Exp. 1563.9) (Exp. 658.6) 

Total 917 1655 697 3269 
Z 2~0.248,  2D.F.,  0 .80<P<0.90.  

Methods 

Samples of venous blood were collected from the 
diabetic in-patients and out-patients on the same day 
of each week. The samples were allowed to clot for 
1 hour at  37 ~ and were kept  overnight at  4~ The 
next  day, they were t ransported to the Ins t i tu te  of 
Forensic Medicine, Universi ty of Oslo, where the serum 

type, and the X 2 test  applied to the tables. Whenever 
an expected number  was less than five, YATES' correc- 
tion for continuity was applied. 

Results 

No suggestion of association between diabetes 
mellitus and the ABO (Table 1) or MN (Table 2) blood 
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groups was found. Comparisons in the Rh system gave 
a P value of less than 0.01 (Table 3). 

Particularly the cells dealing with the types R1R2, 
I~2r, and I ~ R  2, and I~lI~ 1, contributed significantly 
to the high Xe-value, and it can be seen from Table 3, 
that  there was an excess of persons possessing the R 2 

An increased number of individuals of haptoglobin 
type 1--1 and a decreased number of persons of type 
2--2  were found among the diabetes mellitus patients 
(Table 6). 

The difference in the distribution of the haptoglo- 
bin types between diabetes patients and healthy per- 

Table 3. The Rh system. Distribution of diabetes mellitus patients and controls 

Blood group \ 

~11~ 1 t~ir ~1~2 R~r and  r r Others  Tota l  

Diabetes mellitus Obs. 23 Obs. 53 Obs. 37 Obs. 36 Obs. 24 Obs. 7 180 
patients (Exp. 32.5) (Exp. 63.9) (Exp. 24.9) (Exp. 25.2) (Exp. 27.4) (Exp. 6.1) 

Controls Obs. 190 Obs. 366 Obs. 126 Obs. 129 Obs. 156 Obs. 33 1000 
(Exp. 180.5) (Exp. 355.1) (Exp. 138.1) (Exp. 139.8) (Exp. 152.6) (Exp. 33.9) 

Total 213 419 163 165 180 40 1180 

Z 2 : 18.529, 5D.F., 0.001 < _P < 0.01 

Table 4. The Kell system. Distribution of diabetes mellitus 
patients and controls 

Blood group T o t a l  
K + K -  

Diabetes 
mellitus Obs. 8 Obs. 164 172 
patients (Exp. 14.4)  (Exp. 157.6) 

Controls Obs. 90 Obs. 910 1000 
(Exp. 83.6)  (Exp. 916.4) 

Total 98 1074 1172 

)/2=3.639, 1D.F., 0 . 0 5 < P < 0 . 1 0  

Table 5. The Ge system. Distribution of diabetes mellitus patients and controls 

GC type 

1 - - 1  2 - - I  2 - - 2  

Diabetes mellitus Obs. 102 Obs. 74 Obs. 14 
patients (Exp. 97.9) (Exp. 79.4)  (Exp. 12.7) 

Obs. 500 Obs. 414 Obs. 64 
Controls (Exp. 504.1) (Exp. 408.6) (Exp. 65.3) 

Total 602 488 78 

g 2=0.802, 2D.F., 0 . 5 0 < P < 0 . 7 0 .  

sons was significant (0.01 < P < 0.02). The same trend 
emerged when 166 unrelated, healthy adults involved 
in paternity eases were used as controls, but this 
smaller control material gave a much lower X ~, and the 
difference was not significant (0.10 < P < 0.20). 

An apparent association emerged also in the com- 
parisons for the Gm system (Table 7). The highest con- 
tribution to the Z 2 value resulted from an excess of 
ad-b- -x-~  people, and a relative lack of a d - b - - x - -  
persons in the patient group. The same tendency was 
observed when the patients were compared with 167 
persons of the smaller control group, but the difference 
was not significant (0.05 < P < 0.10). 

No indication of association be- 
tween diabetes mellitus and the fi- 
lipoprotein systems Ld (Table 8), Lp 

Total (Table 9) or Ag (Table 10) was found. 

190 Discussion 

No indication of association be- 
978 tween the ABO groups and diabetes 

mellitus was found in the present 
study. In  view of the conflicting ear- 

1168 ]ier reports, it seems reasonable to 
conclude that  the total body of data 
presently available does not support 

the suggestion of McCoNNELL, PYKE and t~OBE~TS 
(1956) of an association between diabetes mellitus and 
the AB0  system. 

The lack of association in our material between 
diabetes mellitus and the MN and Kell systems is in 
agreement with findings by earlier investigators (Mc- 
CONNELL, PYKE and I~OEERTS, 1956; SIMPSON, GUN- 
SON and SMITHIES, 1962; MACAFEE, 1964). 

The Rh system was included in earlier investiga- 
tions of diabetes mellitus and blood groups (McCoN- 
NELL, PYKE and ROBerTS, 1956; A~DERSEN and LAu- 
~ITZ~N, 1960; SIMPSON, GuNsoN and SMIw~IIES, 1962), 
but  no significant indication of an association was 

complex among the diabetes mellitus patients. The 
diabetes me]litus patients were also compared with 
167 unrelated, adult persons involved in paternity 
cases. The comparisons again showed a tendency for 
an increased number of R1R 2 and a decreased number 
of Rlt~ 1 individuals among the diabetes mellitus 
patients, but  the difference was not statistically 
significant (0.10 < P < 0.20) with this small control 
material. No indication of heterogeneity was found 
between the two control groups (0.10 < P < 0.20). 

No association between diabetes mellitus and the 
Kell blood group (Table 4) or the Gc serum types 
(Table 5) was found. 
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found. In  these investigations the t~h types were scored 
simply as "i~h positive" and "Rh negative". In  the 
study of BUCKWALTER and TWEED (1962) the diabetic 

and a decreased number of R 1 R 1 individuals among the 
diabetes mellitus patients, although the difference was 
not statistically significant. The possible association 

Table 6. The Hp  system. Distribution of diabetes mellitus patients and controls 

I-Ip type Total 

i--I 2--1 2--2 

Diabetes mellitus Obs. 39 Obs. 90 Obs. 61 190 
patients (Exp. 27.3) (Exp. 88.1)  (Exp. 74.6) 

Controls Obs. 132 Obs. 462 Obs. 406 1000 
(Exp. 143.7) (Exp. 463.9) (Exp. 392.4) 

Total 171 552 467 1190 

)12= 8.966, 2D.F., 0 . 0 1 < P < 0 . 0 2  

Table 7. The Gm system. Distribution of diabetes mellitus patients and controls 

Gm type Total 
a+b-x - a+b-x + a+b+x + a-b+x - a+b+x- 

Diabetes mellitus Obs. 5 Obs. 24 Obs. 30 Obs. 71 Obs. 59 189 
patients (Exp. 10.7) (Exp. 15.6) (Exp. 37.2) (Exp. 71.1) (Exp. 54.4) 

Controls Obs. 44 Obs. 48 Obs. 141 Obs. 256 Obs. 191 680 
(Exp. 38.3) (Exp. 56.4) (Exp. 133.8) (Exp. 255.9) (Exp. 195.6) 

Total 49 72 171 327 250 869 

Z 2 =  11.936, 4D.F., 0 . 0 1 < P < 0 . 0 2 .  

Table 8. The Ld system. Distribution of diabetes mellitus 
patients and controls 

Table 10. The Ag system. Distribution of diabetes mellitus 
patients and controls 

Ld type Total Ag type .Total 
Ld (a +) Ld (a-) Ag (a +) Ag (a-) 

Diabetes Diabetes Obs. 76 Obs. 102 178 
mellitus Obs. 80 Obs. 110 190 mellitus (Exp. 72.2)  (Exp. 105.8) 
patients (Exp. 80.4) (Exp. 109.6) patients 

Controls Obs. 69 Obs. 93 162 Controls Obs. 72 Obs. 115 187 
(Exp. 68.6)  (Exp. 93.4) (Exp. 75.8) (Exp. 111.2) 

Total 149 203 352 Total 148 217 365 

%2=0.007, 1D.F., 0 . 9 0 < P < 0 . 9 5 .  Z 2=0.657, 1D.F., 0 . 3 0 < P < 0 . 5 0 .  

Table 9. The Lp system. Distribution of diabetes mellitus 
patients and controls 

Lp type 
Total 

Lp (a +) Lp (a-) 

Diabetes Obs. 55 Obs. 135 190 
mellitus (Exp. 61.1)  (Exp. 128.9) 
patients 

Controls Obs. 107 Obs. 207 314 
(Exp. 100.9) (Exp. 213.1) 

Total 162 342 504 

X 2 =  1.442, 1D.F., 0 . 2 0 < P < 0 . 3 0 .  

patients were genotyped, and they concluded that  
there was no association between the Rh system and dia- 
betes mellitus. However, their results showed that  there 
was a tendency towards an increased number of R 1 1~ 2 

between diabetes mellitus and the R 2 complex sugges- 
ted in our data, obviously needs further studies for a 
final evaluation. 

Although our data showed an excess of people of 
haptoglobin type 1--1 among the patients, it seems 
likely that  this distribution has occurred by chance 
because SIMPson, GvNso~ and SMITHIES (1962) found 
an excess of the phenotype Hp 2--2 among their dia- 
betic patients. 

In the Gm system, the excess of Gm (a~-b--x-~) and 
]ack of Gm (a-~ b -  x- - )  individuals among the diabetes 
mellitus patients, was statistically significant. As with 
the Hp and Rh systems, this possible association with 
diabetes mellitus must await the collection of more 
data, for final evaluation. 

No indication of association with diabetes me]litus 
was found in the Go system or in the fi-]ipoprotein 
systems Ld, Lp and Ag. The observation of t~Lu~- 
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~EaG (1964) of an  association wi th  the Ag system was 
hence no t  confirmed. Thus  the occurrence of diabetes 
mell i tus does no t  appear  to be re la ted to a n y  present ly  
known  genetic type  of h u m a n  serum fl-lipoprotein. 

Some of the stat is t ical  tests in  the present  s tudy  
resul ted in  P values suff ic ient ly  low to suggest the 
existence of associations. ]~ecause of the pitfalls of 
association studies (reviewed by  CLA~K~, 1964) the 
present  da ta  should, however, be in te rpre ted  wi th  cau- 
t ion.  We can exclude errors caused by  blood t ransfus ion  
(CLARKE, 1964) in  the pa t i en t  group, as none  had  been 
t ransfused in  the  3 mon ths  prior to ob ta in ing  the blood 
samples. Some of the highest  Z 2 values m a y  have re- 
sul ted from a t rue association, bu t  there is a need to 
collect more data.  
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