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Blood contains reduc'ng substances 
other than g·lucose. These non-sugar 
reducing substances, mainly liluth.a­
thione ar.d thlonine, are present in the 
CCI1Puscles and therefore "sugar" values 
-do not a0tuaLy represent the level of 
glucose. Thus the generally accepted 
fasting blood sugar level in n011mal 
subjects, 80" - 120mg. per 100ml. of 
blood (Lovatt EvanS

k 
1947; Conybeare, 

1949; Bayliss, 11950; Price, 1950; Har­
rison, 1957), is ret the 'true glucose' 
value. 'True glucose' values, may be ob­
tained by deducting 20mg. (HarrIson, 
1957; Baron, 1957) from this total 'ap-. 
parent g'luco."e' va;Ue when the Shafl'er­
Hartman method :s employed. It is now 
poss:ble however, to estimate directly 
the 'true glucose' value by a modifica­
t:on of the Shaf1'er-Hat"tman techLique 
as proposed by Asatoor and King (King 
and Wootton, 1956). The fastIng 'true 
glucc se' vU'ues in capillary blood of 
h·e,althy ind~viduuls at rest obtained by 
this method range from 68mg. to 96mg 
per 100 ml of b:oo~. Othe'r workers give 
slightly lower values, 53 - 93 mg. per 
100ml. (Lovatt Evans, 1947), Or even 
3Ughtl~ h:gller values, 70·100mg', 
(Harp~r, 1957) and 70.110mg, (Baron, 
1957), but the t,echn:que used is not 
stated. The ncrmal 'renal thresho~d' 

value for glucose is generally accepted 
to be 175-180mg. per 100 ml. of capillary 
blood. In normal persons the blood 
17Ugar doe3 not usually rise above 160 mg. 
per lOOm] aHer the ingestion of car­
bohydrate (King and WO'.)tton, 1956; 
Baron, 1957; Harper, 1957) 

Th~ object of this investigat:on is to 
fi::d out whether the accepted normal 
'renal thresho~d' value,' 175-180mg. per 
lOOm!. is dltered when the technique for 
est'mating 'true glucose' (King and 

Wootton, 195·6) is used .. Furthermore, 
blood glucose estmations were e:xJtended 
over a perIod oJ 3 hours after the in­
gest,ion of glucose in order to see whe­
ther any additional information on glu­
Cose tolerance would be forthcoming', 

Material and Methods 
An oral glucose toleranCe test was 

carried cut on 56 patients referred for 
investigation from var:ous departments 
of the hosp:tal; in the majOrity of these 
case3 reducing substances had been de­
tected in the urine at one time Qr' an­

·other. No attenwt was lmade t'o select 
the material; all cases of pregnant 
women were, however, not ~ncluded !n 
the series, A cli.r::ical history of the 
patient was taken on the day of the 
test. 'The age-groups, sex-distribution 
and the incidence of diabetes mellitu1£ 
in these cases is shown in the accom-

panyir g histogram (Fjg. 1) 
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Fig. L - Age-groups, sex-distribution 
and inc:dence ef ca ~es of diabetes me> 
litu" in the ser:es. 

A.I test" we:'" carriell out;l1 the morn­
ing ~lfL'r a: overn;ght hlSt, only a cup 
01' tea or cO!fee with no. added mg'ar or 
m:1k be'ng a:Jowed On ris·ng. A fasting 
capillary blood sp<;;·~:men was .tuke;n a...nd 
g'luccse was administered. Fifty gr'am~ 
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of glucose was given in 170 ill!. of weak 
coffee, in' each case. Capillary blood was 
taken and urine specimens were col­
lected .at half-hourly intervals for three 
hours after administering the glucose. 
B~ood sugar est'mations were carried 

out on the same day of the test by the 
Shaifer - Hartman method as modified 
by Asatoor and King (King and Woot­
ton, 1956). The' amount ef glucoee pre­
sent in the urine specimens g:vir.g a 
positive reaction to Benedict's qualita­
tive reagent, was estimated by Meyer's 
modificat:on of Benedict's quant:tat:ve 
techr ique (Kng and Woottdm, 1956). 

Results 
In s:x cases no reducing substacces 

nc;:'c present in the urine specimens 
c:lIected during the test, and in no ir­
stance does the peako! the curve exceed 
Lle va:ue of 173 mg'. per 100ml ' Table 
I ,ohows the values obtained in each 
l~8.Se as we:l a3 their mean. Fig 2. repre­
:::::lts the up,per and lower lim:ts of nor­
l1:ality and a mean curve derived from 
th va:ue~ in these six cases. 

The blood g:ucose fasting level in 
these ca~el! ranges from 66 mg. to 86 mg. 
per 100 ml.; and the highest value is 
reached w:thin one hour in all cases. 
Return to the normal fasting level rc­
curs within 2t hours exce»t ill case No. 
20. The mean of these values yields a 
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Fig. 2 - ShOW:Ilg the upper an.d lewer 
limits of normality ar d the mean curve 
resLllfng from the values in Table T. 

curve with a fasting level of 80 mg. per 
100 m!., a psak value at one hour and a 
return to normal fasting level wlthin 
two hours. 

In the remaiining 50 cases, glucose 
was present in the urine in measureable 
quantities at se me t:me during the test. 
These cases have been subdivided ac­
cording to whether the resulting curve 
is of the diabet:c Or nor.-diabetic type. 
In four cases the curve is not of a 
diabetic type: the blood and urine glu­
cose values (Table II) in the~e cases 
support the diagnosis of a 'renal' or an 
'alimentary~ type of glycosuria. 

Table 1. - Normal Glucose Toierance Tests in Six Subjects and their Mean 
Values. 

. , ' ....... <4. 

Case Blood Giucose (mg-·ilOOmL). 
No. F. lhr. Ihr. Ithr. 2hr. 2thr. 3hI'. 

2 66 121 1.f.1 HI 123 83 49 
B 77 ]26 141 86 69 63 55 

20 86 127 158 HI 130 118 ]01 
.j,.j, SfJ' 130 H·t 115 86 72 57 
45 78 HI ]73 101 81 58 5'') 

5·~ 86 130 115 101 86 72 58 

Mean 80 129 146 114 96 78 62 
.... :---c:,..,.,~~-"'.""<IiIlIiW' ..... ~"'~r:n= 
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Truble H. - Results of Glucose Tolerance Tests tn Four Cases of Non·diabetic 
Glycosuria. 

Case T i m e i n Ho u r s Type of 

No. F. t 1 It 2 ~! 3 Curve * 
--_. --------- --------- --~----

Blood 
22 (mg. /100 ml.) 8t 127 l.J.l 121 107 84 72 R 

.. Urine (G.) 0.06 0.08 
.-.----.- .----. 

Blood 
28 (mg./l00 ml.) 80 14-i. 172 109 89 74 66 R 

Urine (G.) 1.06 2'.0.J. 0.42 0.04 

Blood 
37 (mg. /100 ml.) 109 150 193 147 86 78 58 A 

Urine (G.) 0.19 1.20 1.15 0.10 

Blood 
56 (mg. /100 m!.) 86 115 130 U5 86 75 72 R 

Urine (G.) O.G5 1.21 
-.-----.-.-------,-----~ 

*R = 'renal' ; A = 'alimentary' 

Cases 22, 28 and 56 are typical exam­
ples of a 'renal' Or 'low threshold' type 
of curve: glycosuria is present, but 
there is no hyperglycaemia. CaSe 37 1s 
an example of an 'alimentary' or 'lag! 
type of curve. Hyperglycaemia and gly­
co"ur'a are present but the blood gluccse 
fa 11s to :r. ormal limits within 2 hours. 
1-foreover, the symptoms complained of 
by the patient were not typical of dia. 
bet~s, and no family hi~tory of this con­
cp tion was forthcoming. 

In the remaining 4.6 cases the findings 
of the glucose tolerance test establish 

. the presence of diabetes mellitus. In 
these cases there were no complications 
directly attributable to the diabetic 
state. One of these patients gave a his­
tory of repeated episodes of d~abetic 

coma: ketone bodies were however ab­
sent in the urine at the ti.me of the test. 

The fastIng blood glucose level falls 
within the range 58-98 mg. per 100 ml 
ir; only 6 of these cases (13 per cent); 
the values obtained after glucose inges­
t'on show the presence ef a mild or 
moderate degree of diabetes. Cases of 
severe diabetes show a fasting glucose 

level either abQve or just below 200 mg. 
per 100 ml. In 31 cases (67.4 per cent) 
the peak of the curve is reached 1 hour 
after glucose adm'nistration; the values 
recorded fall withIn the range 179-,\00 
mg. per 100 ml. with a mean value of 
287 mg. per 100 ml. The blood glucose 
reaches its highest level H hours ~fter 
glUCOse ingestion in 14 of these cases 
(30.4 per cent). In this group of cases 
the values r~orded range between 201 
and 414 mg.- per 100 ml. with a mean 
value of 270 mg. per 100 ml. In only 1 
case is the peak reached at the first .~ 

hour of the test with a blood glucose 
level of 244 mg. per 100 .rol. 

In these cases of diabetes mellitus the 
3 hour glucose level in the blOOd is found 
to be sign}ficantly lower than the 2t 

. hour level. In 30 of--thes,e cases (65.2 
per cent) there is a fall ranging between 
10 mg. and 30 mg. per 100 ml.; in 13 
cases (28.3 per cent) the difference is 
greater, and the values obtained range 
from 30 mg. to 64 mg. per lOOm!. Only 
in one instance does the 3 hour level 
e~ceed the 2t hOUr one, and that by only 
7 mg. This variation camiot be corre­
lated either with the height .of the 
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curve or with the urinary glucose out­
put during the PN:od of the test. More­
over, 3 hour blood glucose values exceed 
the level of 145 mg. per 100 ml. in 34 of 
t:::ese patients (74 per cent); ir. 8 other 
cases (17 per cent) the levels recorded 
fall within the range 65-110mg. It has 
also been ob~erved that in 7 cases (15.2 
per cent) a return to the origipal fasting 
level occurs within 2} hours, and in yet 
another 7 ca:::es (15.2 per .yent) w~thin 3 
hours. 

Discussion 
Though the number of tests y,:elding 

a normal respon\.,e is undoubtedly limit­
ed, yet the resulting mean curve is 
considered to be representative of the 
normal. A fasting glUCOse value a;bove 
96 mg. per 100 ml. is strong evidence 
in favour o.f diabetes mellitus, and little 
addhional information of signfiicance 
may be derived frbm an oral glucose 
tolerance tes,t. It is only when the fast­
ing glucose level ip the blood is ~normal 
and reducing substances have been re­
peatedly detected in the urine, poss,:bly 
in variable amounts,' that a glucose 
tolerance test is necessary for diagnosis. 

Analysis of the firidings recorded 
shows that there is no scope in prolong­
ing the test to 3- hours. It may even be 
suggested that for the purpOSe- ofes­
t3Jblishing a diagnosis of diabetes mel­
~itus, the custo'inary2} hour oral .glu­
cose tolerance test may very well be 

simplified. Instead of taking the . usual 
six half-hourly samples of blood, only 
three are 'really essential to cOIT1iPlete 
the test: a fasting specimen, a eecond 
"'pecimen 1 hour after administering 
the dose of giucose and a third after 2} 
hours. Baron (1957) maintains that a 
blood glucose level above 145 mg. 3 hours 
after the ingestion o.f 50 G. of glucose 
indicates impaired tolerapce; while a 
valUe between 65 fig. and 110 mg. pOints 
to normal tolerance, Analysis of the 46 
curves classified as c1i3Jbetic shows that 
the 3 hour level exceeds 145 mg. per 

100 ml. in 73.9 per cent of cases. How­
ever,'n 17 per c,ent et these diabetic 
pa tier. ts the 3 hour glucose values fall 
within the normal fasting range of 68-
96 mg, p0r 100 ml. (King and Wootton, 
1956). Th:s latter finding indicates that 
the 2~ hour level of blood gluc,ose is a 
more reliable ir:dicatien o,f diabetes 
me1litus than the 3 hour level suggested 
by Knon (1957). • 

The slmplified oral glucose tolerance 
test propooed above has some pract:cal 
advantages. It reduces considerably the 
number of technical procedures, and in 
those ca3es where venous blood is col­
lected it limits the number of ven-epunc­
tures to three. This simplified test 
makes possible more fr,equent studies of 
glucose tolerance in diabetic patients 
under treatment. This is an impor:tant 
cor sidera tion now mere than ever for 
in addition to Imulin, BZ 55 apd D 860, 
aspirin is al"o known to lower the blood 
glucose in di3Jbetics (Reid, Macdougal1 
and Andrews, 1957; Reid and Lightbody, 
1959). The mod:fied glucose tolerance 
test· is not recommended in those cases 
where 'renal' glycosuria is :::uopeoted, 
and in endocri.n0 disorders o.ther than 
diabetes mellitus. 

No convincing evidence can be ad­
duced from the findings presented ~TJ 

this paper that the normal 'renal thres­
hold! for glucose is S€t at a lewer level 
than 175-180 mg. per 100 ml. of blood 
In the normal cases a level of 173 mg, 
per 100 ml. is reCorded :n 1 case. 

Summary 
Fifty-six oral glucose toleranCe tests 

were carr:ed out en different subjects; 
of these 46 ,~howed a diabetic type of 
reE'ponse. 

Fasting glucose valu€s ranging from 
66 mg. to 86 mg. per 100 ml. of blood 
have be:m obtained in normal indivi­
duals, in diabetics and in cases of non­
di3Jbetic glycosuria. 

In the great majority. of cases, whe­
. ther diabetic (69.6 per cent of diabetic 

cases) Or non-diabetic (90 per cent of 
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non-diabetic cases) the peak of the 
curVe is reached at 1 hour. It is ob­
served that in cases of diabetes meU'tus 
the 3 hour glucose level in the blood is 
significantly lower than the 2! hour one. 

No, information of value is derived by 
prolonging the teet to 3 hours instead of 
the usual 2-~ hours. 

It is proposed that the test be carried 
out employing only three blood speci. 
mens: a fasting, a 1 hour and a 2-} hour 
blood speD"men. This modification satis': 
fies all requiremente for the diagnosis of 
diabetes mellitus. 
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. Mr. Carlo de Giorgio is/ seen here presenting the cheque of 
£300 to PrOf. J. A. Manche, Vice·Chancellor and Rector 
Magnificus of the Royal University of Malta, as the first 
donator to the "Fund for Medical Research". 

Prior to the ,presentation of the cheque. IMr. de Giorgio said 
he had been in the drugs Ibusiness for the laSt 39 years and it 
had always Ibeen his wiSh to Ibe helpful to the local medical 
pro,fession. The Medical Fund will :be of great Ibe!1efit to the 
Faculty of Medicine and Surgery and will help to continue to 
raise the level of the ,profession. 

In his reply, 'Prof. Manche paid trilbute to Mr. d,e Giorgio 
for his continue,dhelp to the University and recalled: that he 
annually presents the University with £100 out of his own 
pocket, besides the 'de Giorgio Prize' in therapeutics awarded 
to the student who sulbmits the :best essay on the sUlbject. 


