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Summary. A method for numerical evaluation of the 
quali ty of blood glucose control in diabetes mellitus is 
presented. Blood glucose values were obtained 4--9  times 
daily dm'ing periods of 5 days. By analysis of variance 
estimates were obtained for 1. Blood glucose variations 
during the day, used as a parameter for assessment of the 
efficiency of a given insulin preparation in an individual 
patient ,  and also for comparison of different insulin pre- 
parations in  a group of patients.  --  2. The variation of 
the mean blood glucose levels from day to day, influenced 
a.o. by  the labili ty of the diabetes. --  3. The constancy of 
the pat tern  of the blood glucose curves daring different 
days, influenced by  the labili ty of the disease. The two 
latter factors were combined to give a parameter which 
under  controlled conditions may  be used for classification 
of the labili ty of diabetes. -- The method is exemplified 
by  application to different types of diabetes disease and 
treatment.  Four  insulin preparations were compared in a 
group of patients. A change of insulin in several cases 
caused fairly great changes in the parameter measuring 
the efficiency of the insulin preparation. The parameter  
measuring labili ty of diabetes showed a characteristic 
level for each patient,  with only small changes throughout 
the experimental periods. - -  I n  our experience, the present 
method has proved to be useful and has the advantage of 
being derived from a well defined statistical analysis. 

A~'~tlyse de variance appli~tude aux valeurs de la gIyedmle 
pour dvaluer les prdparations dYnsuline et le degrd de labitit~ 
clans le diab~te 

Rdsumg. On ddcrit tree mdthode pour l 'dvaluation 
numdrique de la qualitd de la rdgulation de la glycdmie 
dans le diab6te sucrd. La glycdmie a dt6 d6terrninde 4--  9 
lois pendant  lajournde durant  des pdriodes de 5 jours. Au 
moyen de 1'analyse de variance on a fair les estimations 
suivantes: 1. Les varlagions de la glye6mie pendant  la 
journde, employdes eorame parambtre pour l'6valua$ion 
de 1'effieaeitd d 'une  prdparation donnde d'insuline ehez le 
m6me individu et pour la eomparaison de diff6rentes 
prdparations d'insuline dans un  groupe de malades. --  
2. Les variations de la glycdmie moyenne d ' tm jour 
l 'autre sons l'infiuence entre autre de la labilitd du diab6te. 

- -  3. Les courbes glyedmiques ~ des jours diffdrents, in- 
fiuencdes par la labilit6 du diab6te. Les faeteurs nuradro 
2 et 3 ont dtd eombinds pour obtenir u n  param6tre qui, 
sons des conditions ddFmies, peut  6tre employd pour la 
classification de la labilitd du diab6te. Cette mdthode a dtd 
appliqude ~ diffdrents types de diab6te et de trai tement.  

On a eompard 4 prdparations d'insuline dans un  groupe de 
malades. On a trouvd que le changement de prdparation 
d' . . . . . .  msulme eausait dans plusmurs cas des modfficat~ons 
considdrables dans le parambtre qui mesure l'efficaeitd de 
la prdparation d'insuline. Le param6tre qui mesure la 
labilit4 du diabbte montra  un  niveau caractdristique pour 
chaque malade avee seulement de faibles ehangements 
pendant, tout  le temps d'expdrimentation. -- Selon notre 
expdrience, it s 'agit d 'une mdthode utile et qui a l 'avantage 
d'6tre ddrivde d 'une analyse statist, ique bien ddfinie. 

Anwendung der Varianzanalyse auf Blutzuckerwerte zur 
Beurteilung yon Insutinpr~paraten und des Ausmafles der 
Stoffwechselschwankungen bei Diabetes 

Zusammenfassung. Es wird fiber eine ~r ffir die 
numerisehe Beur~eilung der Qualit~t der Blutzuckerkon. 
trolle beim Diabetes mellitus berichtet. Die Blutzucker- 
werte wurden 4- -9  real t~glich w~thrend Perioden yon 
jeweils 5 Tagen bestimmt. Mittels Varianzanalyse wurden 
folgende Kriterien bewertet:  t. Blutzuckervariationen 
w/~hrend des Tages als Parameter  fiix �9 die Effektivit~t eines 
best in~nten Xnsulinpr/~parates bei ein und  demselben 
Pat ienten  sowie ffir den Vergleich versehiedener I_nsulin- 

~ rKparate innerhalb einer Gn~ppe yon Patienten. -- 2. Die 
chwankungen des durehscbnittliehen ]Blutzuekergehattes 

yon Tag zu Tag, in Abhii~agigkeit u.a.  yon der Diabetes- 
labilit/~t. --  3. Die GleiehmKl3igkeit des Brides der Blut- 
zuckerkurve an verschiedenen Tagen, ebenfalls in Ab- 
h~ngigkeit yon der Diabeteslabilit/~t. Die beiden letzt- 
genannten Faktoren warden ebenfalls miteinander kom- 
biniert  in  der Absieht, einen Parameter zu erhalten, der 
unter  kontrollierten Bedingungen fiir die Klassifiziertmg 
der Diabetslabilit/it herangezogen werden kSrmte. ~ Die 
1Ylethode wird am Beispiel versehiedener Diabetestypen 
und  Behandlungen erl~utert. Vier ~su l inpr~para te  wur- 
den an  ein und  derselben Gruppe yon Pa~'enten verglichen. 
E in  Weehsel des Insulinpr/~parates verm'sachte in  meh- 
reren F/~llen reeht erhebliehe Veri~nderungen des die 
Effektivit~t des Pr~para~es messenden Parameters, wo- 
gegen der die Labilit~t des Diabetes messende Parameter  
ein ffir jeden einzeinen Pat ienten charakteristisches trod 
w~hrend der Versuebsdauer sich lediglieh geringffigig 
/inderndes Bild zeigte. --  Nach unserer Erfahrung hat  
sich diese Methode als wertvoll erwiesen und hat den Vor- 
teil ans einer wohldefinierten statistischen Analyse her. 
geleitet zu sein. 

Key-words: Control of diabetes mellitus, insulin. 

Several  methods  have been devised to  find a numer -  
ical value for the  qua l i ty  of blood glucose control  in  the  
t r e a t m e n t  of diabetes melli tus.  Such techniques are 
wan ted  for an  object ive eva lua t ion  of therapeut ic  
results,  and  in  clinical trials of insul in  preparat ions .  
Izzo and  CRuMP [3] compared different types  of insul in  

on  the  basis of the  blood glucose var ia t ion ,  which was 
separated in to  one in t ra-daf ly  a nd  one inter-daffy 
component .  J~gsn~D [4] assessed the qua l i ty  of blood 
glucose control  b y  calculat ing how large a percentage 
of the  blood glucose values were in  the range 75- -  
200 mg per  100 ml. Recent ly ,  SCHLIC~TKR~n~t. et al. [6] 
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presented the lVI-value as a quanti tat ive index of the 
lack of efficiency of the t rea tment  in the diabetic pa- 
tient. By  using a modified logarithmic scale, low blood 
glucose values close to hypoglycaemia were given 
increased weight. The range 105--140 mg per 100 ml  
was regarded as optimal. The final evaluation of the 
results by  this method was judged by  the agreement 
with a subjective assessment of the curves by  a group 
of experienced clinicians. This and other methods 
measure the lack of efficiency of insulin t rea tment  
rather than  analyzing the causes of it, and they do not 
take the normal blood glucose variation into account. 

For a detailed evaluation of the results in diabetes 
therapy it was thought  preferable to t reat  separately 
the different factors influencing it. We wanted numeri- 
cal expressions for the effect of the insulin preparations, 
the instability of the disease and the regularity in the 
observations from which these factors were calculated. 
In  the present paper  we report  our experiences with 
an analysis of variance applied to blood glucose values 
collected from patients with diabetes mellitus and also 
from some of the same patients during periods with 
different types of t reatment.  

Material  and Methods 

The present studies were carried out in 35 subjects 
with diabetes mellitus. Five of them had no therapy 
other than  diet, ten were treated orally with su]phonyl- 

containing about  1700 kcal daily, with small variations 
from day to day  ( <  10%) of caloric content and dis- 
tr ibution between protein (100--110 g), fat  (60--65 g) 
and carbohydrate (155--160 g daffy). The breakfast  
contained about  370 kcal, the lunch about  580 kcal and 
the dinner about 470 kcal; extra meals given a t  10, 15 
and 20 h contributed about  290 kcal all together. 

Blood glucose determinations in the non-diabetic 
subjects were made 9 times during one day, the t ime 
points being identical with those in Table 1. The pa- 
tients t reated with diet only, and those treated with 
oral preparations, were followed for 5 days with 4 daily 
blood glucose determinations at  8 ~176 12 ~176 1500 and 19~176 
Out of 20 insulin-treated patients, five were followed 
with 9 daily blood glucose determinations during four 
periods consisting of 5 days each. These patients were 
subjectively selected to represent different degrees of 
instability of the disease. During each new period, a 
different insulin preparat ion was used, but  the dose 
remained unchanged. For each new insulin preparat ion 
two days was allowed before starting the study. The 
four insulin preparations used consisted of rapid, me- 
dium and slow acting insulin, mixed in different pro- 
portions 1. They were marked I,  I I ,  I I I  and IV. The 
remaining fifteen insulin-treated patients were followed 
with 4 daily observations during one or more 5-day 
periods. 

Blood glucose determinations were performed ac- 
cording to the glucose oxidase method of M~]aKs [5]. 
Two technicians were especially delegated to take the 

Table 1. Analysis of variance of blood glucose values (rag per 100 ml) obtained 9 times daily during a 5 day 
period in  a patient treated with insulin. Mean values from non-diabetic subjects have been subtracted as des- 

cribed in text 

Time 830 930 103~ 1200 1300 1400 16 ~~ 1800 1900 Sum 
Day 

1 142 155 135 106 79 65 99 143 129 1053 
2 126 102 154 158 145 119 151 105 121 1181 
3 118 164 170 143 116 105 133 127 140 1216 
4 111 153 162 128 45 84 56 42 82 863 
5 93 122 154 138 96 93 110 104 118 1028 

Sum 590 696 775 673 481 466 549 521 590 5341 

Analysis of Variance 

Source of variance Sum of Degrees of Mean F P Expected mean Variance 
squares freedom square square 

Between columns 17189 8 2149 3.84 < 0.01 a2e ~- 5 a~e 318 
Between rows 8 725 4 2181 3.89 > 0.01 < 0.05 a2e ~- 9 a2~ 180 
Residual 17 918 32 560 ~2e 560 
Combined 26 643 36 740 ~e -t- ~I~ 740 

Total 43 832 44 

urea preparations, and 20 with insulin. Ten non-dia- 
betic subjects with normal values for fasting blood 
glucose and no glucosuria were included for investiga- 
tion of the normal blood glucose variation over the day. 

During the experiments, all subjects were on a diet 

samples and perform the analyses. About 2000 blood 
glucose determinations were performed. 

1 Kindly supplied by Vitrum A.B., Stockholm, Swe- 
den. 
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Treatment of Data 

For precise and objective evaluation of the blood 
glucose values numerical expressions were desirable 
which permitted statistical treatment.  The blood glu- 
cose values from each patient were therefore treated 
according to a method for analysis of variance [7]. The 
critical property of an insulin preparation should be its 
ability to keep a low blood glucose variation over the 
day and night. The rest of the blood glucose variation 
was not regarded to be regularly influenced by  the 
effect of the insulin preparation used. The values were 
arranged and treated as exemplified in Table 1. 

The meaning of the terms appearing in Table 1 may 
be described as follows: 

The mean squares obtained in the analysis of vari- 
ance express the total  variation "Between columns" 
and "Between rows" respectively. However, the mean 
square is generally considered to be the linear sum of 
two factors, namely the residual variance (a2e) and the 
"Between columns" (a~c) (or "Between rows", a2n) 
variance, the latter giving the columns (or row) effect. 
The calculation of mean squares and variances appear 
in the table. The significance of the variance is calcu- 
lated by the F-teSt. When the residual variance exceed- 
ed the "Between columns" or the "Between rows" mean 
square, the corresponding variance was denoted by  zero. 

The analysis of variance appearing in Table 1 was 
applied to the problem of separately expressing the 
effect of insulin and the effect of the disease in the fol- 
lowing way: 

Between columns (mean square and variance) gives 
tha t  par t  of the total variation which is caused by 
differences between the column-sums of blood glucose 
values. Each column represents a certain time for 
sampling during the day (Table 1). If these differences 
are small, the mean square and the variance will be 
low. With greater differences between the sums of 
columns the mean square will rise, indicating an un- 
satisfactory therapeutic result. In  the latter case the 
cause of the high mean square may then be elucidated 
by  calculating the variance, and by examination of its 
significance by the F-test. If the variance is significant, 
an unsuitable insulin preparation or schedule of ad- 
ministration should be suspected. If  the high mean 
square is combined with a low or insignificant variance, 
the patient may  have a labile diabetes (causing a high 
residual variance), and no improvement of the thera- 
peutic result should be expected by  changing the in- 
sulin preparation. Thus, with the approach used here, 
the mean square may serve as one expression for the 
therapeutic result where the role of the insulin prepara- 
tion is indicated by calculating the variance. I t  should 
be noted that  only the variations, but  not the absolute 
level of the blood glucose values, influence these para- 
meters. Therefore, judgement of the therapeutic result 
must also include the mean blood glucose level for the 
whole experimental period, which adds information 
about the adequacy of the dosage of insulin. 

Physiologically there is a certain postprandial var- 
iation, which was assessed by  following the blood glu- 
cose level in a group of non-diabetic subjects on the 
fixed diet and calculating the mean values at each time 
point (Fig. 1). In the diabetic the blood glucose vari- 
ation should be estimated, not in relation to a fixed 
basic level, but  to the normally occurring variation of 
blood glucose. Therefore, in patients followed with 9 
observations daily, the normal mean values were 
subtracted from the observed values before the analysis 
of variance. Thus, when the diabetic patient is opti- 
mally controlled, his blood glucose curve closely follows 
the normally occurring variation, which is then cor- 
rected for, giving a low "Between columns" mean 
square. 

Between rows mean square gives tha t  par t  of the 
total variation that  is caused by  different mean blood 
glucose levels during different days. If this level re- 
mains comparatively unchanged from day to day the 
"Between rows" mean square will attain a low value. 
A patient with changing levels has a higher value. 

The "Between rows" value may be influenced by 
factors not  considered part  of the disease pattern, such 
as daily variations in the absorption of the injected insu- 
lin, in degree of muscular activity and in amount  of 
food consumed. One kind of lability of the disease may 
theoretically be described by  the variation remaining 
when these exogenous factors are under control. In  
practice, the effect of exogenous factors can never be 
completely eliminated. Therefore, under controlled 
conditions, we made the approximation to ascribe the 
whole "Between rows" variance and mean square to 
the lability of the disease. 

The residual variance is an expression for the con- 
stancy of the blood glucose pattern. If a patient reveals 
the same pat tern of blood glucose variation each day, 
the residual variance will be low. This will apply 
whether the "Between columns" mean square is low 
or high, or the "Between rows" mean square is low or 
high. When new insulin preparations are screened in 
clinical trials, diabetic patients showing low and stable 
"ResiduM" variances should be preferred for testing. 
~esults obtained in patients with high or changing 
"l%esidual" variances should be rejected. 

"Between rows" and "l~esidual" variances were 
both considered to be influenced by the lability of the 
diabetes, and both of them should be considered in 
classification of the lability. For this purpose we sug- 
gest: 

The combined variance, which is a combination of 
the "Between rows" and the "tLesidual" variances. I t  
is obtained by addition of the sums of squares for these 
two factors, divided by  the sum of their degrees of 
freedom. 

I t  is evident tha t  patients revealing great and ir- 
regular blood glucose variations, leading to a high 
"Combined" variance, will subjectively be judged to 
be labile, but  this does not  necessarily mean that  the 
"Combined" variance exclusively measures the whole 
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lability of the disease. The relationship between the 
"Combined" variance and the lability of the disease is 
difficult to settle as no reliable objective estimate for 
the true lability is known. 

Comparison of variances and mean squares. I t  is 
essential tha t  the mean squares to be compared are 
derived from systems with the same number of daily 
observations and the same number of days. Namely, 
if the number of daily observations is increased, the 
"Between rows" mean square will rise, and if the num- 
ber of days is increased, the "Between columns" mean 
square wilt rise. The corresponding variances are, how- 
ever, not  inituenced by the number of observations to 
the same extent, but  may  be influenced by  the time 
points selected for additional or omitted observations. 

I f  a pat, iens shows a higher "Between columns" 
variance during a period -a4th one insulin preparation 
bu t  a lower one with another preparation during the 
next  period, the latter preparation seems to be superior. 
However, the variances and mean squares represent 
noneentral g~ distributions, and therefore no simple 
statistical test  can be directly applied in comparing 
them. One indirect method may be to investigate, via 
the F-test, whether the "Between columns" variance 
is significant or not, but  a non-significant "Between 
columns" variance with one preparation does not  mean 
a statistically significant superiority compared with a 
preparation giving a significant "Between columns" 
variance. 

The comparison of "Between columns" values in a 
group of patients is perhaps irrational since the group 
may consist of patients whose individual differences 
require different types of insulin preparations in the 
individual cases. Thus i t  may be said a 1priori, tha t  it 
is almost hnpossible to denominate a certain insulin 
preparation as the best one in general. If, however, such 
a comparison is to be made, the method may be that  of 
Friedman's two-sided analysis of variance with rank 
numbers [1]. 

Results 

1. Non-diabetic subjects. The mean blood glucose 
values in 10 non-diabetic subjects are shown in Fig. 1. 
These mean values were subtracted from the observed 
values before the analysis of variance in cases of dia- 
betes where 9 daily blood glucose values were taken. 
The values at  8 and 12 h are very  similar, those at  14 a~ 
and 19 h slightly higher. Thus, the values to be sub- 
tracted at  these time points are so similar tha t  the 
effect of a subtraction on the "Between columns" mean 
square may  be negligible. Therefore, subtraction was 
omitted in eases where 4 daily blood glucos e values 
were taken at  8, 12, 15 and 19 h. 

The blood glucose variation shown in Fig. 1 corre- 
sponds to a "Between columns" variance of 183. In 
this case, the "Between rows" variance refers to differ- 
ences between subjects, and is thus not  to be compared 

with the "Between rows" variance used below. The 
"Residual" variance was i27. The figures given here 
and in the following refer to blood glucose values in mg 
per 100 ml as the basis for the analysis of variance. 
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Fig. l. ~ostprandial changes of mean blood glucose values 
in i0 non-diabetic subjects on the fixed diet used for all 
patients in the investigation. The meals are indicated with 
arrows. The mean standard deviation was 11.3 mg per 

100 ml 

2. Diabetic patients, treated with diet only (5 patients). 
Four blood glucose values daffy during 5 days were 
obtained in each patient. The "Between columns" 
mean squares ranged from 100 to 1625, the variances 
from 0 to 120, none of them significant at  P < 0.05. 
The "Between rows" mean squares ranged from 150 to 
1034, the variances from 0 to 202, none of them signifi- 
cant. The "Residual" variances ranged from 50 to 406, 
and the "Combined" variances from 75 to 427. 

3. Orally-treated diabetiz, patients (10 patients). Four 
blood samples per day were taken during a period of 
5 days. One period is exemplified in Figure 2A. The 
"Between columns" mean squares ranged from 500 to 
5246, the variances from 0 to 694, 4 of them significant 
at  P < 0.05. The "Between rows" mean squares ranged 
from 104 to 4384, the variances from 0 to 833, signifi- 
cant in two eases. The "Residual" variances ranged 
from 180 to 1523, and the"Combined" variances from 
189 to 2341. 

4. Diabetic patients, treated with insulin, a) Four  
observations per day:  the periods comprised 5 days 
throughout. In  this materi~l, all mean squares and 
variances ranged from very low to very high values in 
different combinations. In  our experience, patients 
whose blood glucose variation during the day was sub- 
jectively judged to be acceptable, revealed "Between 
columns" mean squares below 1000. Fair control com- 
prised values up to 5000 and bad control above 5000. 
The lowest value recorded was 102, the highest was 
173464. For further comparisons, see Figure 2, which 
shows daily blood glucose curves together with mean 
squares and variances from patients representing 
different degrees of blood glucose control. 

In  Table 2 there seems to be a general resemblance 
between the magnitude of the "Between columns" and 
"Between rows" variances. This is, however, not  a 
constant phenomenon when the total  material is con- 

8* 
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s i d e r e d ,  and  the  combina t ion  of a h igh  "Be tween  col- 
u m n s "  va r i ance  w i th  a low " B e t w e e n  rows"  or  "Com-  
b i n e d "  va r i ance  was p resen t  in  severa l  cases (e.g. 
Fig .  2), suggest ing t h a t  a change  of insul in  p r e p a r a t i o n  
m i g h t  resu l t  in  a b e t t e r  t h e r a p e u t i c  resul t .  This  was 
also verif ied in  a few cases. 

blood glucose level, a) W i t h i n  p a t i e n t s :  E a c h  of the  five 
p a t i e n t s  in t he  insul in  t r i a l  e xpe r ime n t  was fol lowed 
for  four  weeks. Depend ing  on insul in  t r e a t m e n t  severa l  
of t he  p a t i e n t s  r evea led  r e l a t ive ly  g r e a t  changes,  espe- 
c ia l ly  in  t h e  " B e t w e e n  co lumns"  m e a n  squares  a n d  
var iances .  Changes in  " B e t w e e n  co lumns"  a n d  "Be-  

Table 2. Variances and re.can, squares in five patients dur,~ng comparative evaluation of 
fear insulin prepa,ration~ ( I - - IV ) .  The .figurer for each ~reparagon a'r~ patient are 
based on ~5 blood glucose determinations obtained during 5 days. 

BC stands for "Between columns", BR for "Between rows" 

Patien~ Variat ion Insul in .preparat ion. . .  
II III IV 

M.G.  BC mean square 2168 2 640 2 280 276 
BC variance 310 a 470a 392a 0 

~r B R  mean  square 262 t450 2012 809 
B R  variance 0 129 n 188 a 50 

48 years  Residual  variance 620 290 321 462 
Combined variance 581 419 509 512 

J . J .  BC mean square 4264 5 504 2149 2 089 
BC variance 752 ~ 948 a 318 ~ 306 a 

]}~an B R  mean square 1308 894 2 t81 191 
BR variance 89 15 180 0 

74 years  Residual  variance 504 762 560 557 
Combined variance 593 777 740 505 

C .R .  BC mean square 5153 5513 7322 3940 
BC variance 875 a 964 ~ 1641 a 541~ 

)~an B R  mean square t 936 t 673 4164 872 
B R  variance 128 i09 379 a 0 

68 years  Residual  var iance 780 695 756 t 234 
Combined variance 908 804 1135 1182 

D . P .  BC mean square 22 756 65434 57 620 1548 
BC variance 3280 ~ 12508 ~ 10931 a 0 

W o m a n  BR mean square 29591 6069 9413 11036 
B R  variance 2582 a 353 717 110O 

50 years  Residual  variance 6 355 2 896 2 963 3 333 
Combined variance 8 937 3 249 3 680 4 433 

F . N .  BC mean square 145242 165144 131604 3 666 
BC variance 28763 a 32206 a 252t t~  377 

Man B R  mean square 512 26334 53912 36295 
B R  v~via~ce 0 2469 ~ 5374 a 4931 ~ 

55 yem~ l%esidual var iance t 427 41 i2  5 550 1779 
Combined variance 1325 6581 10924 6710 

Indicates  a signlfican~ variance ( P  < 0.01). 

b) Nine  obse rva t ions  daffy:  I n  t he  five p a t i e n t s  
con t ro l led  wi th  9 obse rva t ions  daffy, t he  e x p e r i m e n t  
wa,s des igned  as  a compar i son  be tween  four  insul in  
p repa ra t ions ,  des igna ted  I - - I V ,  each of t h e m  g iven  to  
t he  p a t i e n t s  for  a pe r iod  of 5 days .  The  m e a n  squares  
and  va r iances  o b t a i n e d  a p p e a r  in  Tab le  2. 

I n  al l  cases the  lowest  " B e t w e e n  co lumns"  va r i ance  
was o b t a i n e d  wi th  p r e p a r a t i o n  IV.  I f  t h e  g roup  were 
to  be t r e a t ed  as an  en t i ty ,  the  compar i son  of the  "Be-  
tween  co lumns"  var iances  m a y  be done  accord ing  to  
the  ana lys i s  of va r i ance  wi th  r a n k  number s  [1 ] ind ica t -  
ing a s ignif icant  ( P  < 0.001) difference be tween  the  
prepaxat,  ions in  t he  group.  

5. Correlation between variances. Influence from mean 

tween  rows"  m e a n  squares  a n d  "Res iduM"  var iances  
were, however ,  n o t  cor re la ted  to  each others ,  nor  ~o 
m e a n  b lood  glucose values.  

b) Be tw e e n  p a t i e n t s :  Differences in  " B e t w e e n  col- 
u m r ~ "  a n d  " B e t w e e n  r o w s "  m e a n  squares  a n d  va r i -  
ances  were f r e que n t l y  obse rved  t o  go in  t he  same direc-  
t ion.  I t  is a p p a r e n t  t h a t  t he  connec t ion  is f a r  f rom 
absolu te ,  a n d  in  severa l  cases h igh  m e a n  squares  or  
var iances  occurred  combined  wi th  low ones as exem- 
plif ied in  F ig .  2. t t owever ,  when  the  whole insulin-  
t r e a t e d  m a t e r i a l  (4 obse rva t ions  da i ly )  is considered,  
a fo rmal  ca lcula t ion  of the  corre la t ion  be tween  the  
" B e t w e e n  rows"  a n d  the  " B e t w e e n  co lumns"  m e a n  
squares  resu l ted  in  a cor re la t ion  coefficient of + 0.39. 
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The corresponding value for the correlation between 
the mean blood glucose value for each experimental 
period and the "Between columns" mean square was 
+ 0.34. 

Discussion 

lability. However, if certain uncontrollable exogenous 
factors b y  definition are included in the lability, the 
"Combined" variance may  rather  be used as a substi- 
tute  for the imprecise definitions inherent in the terms 

~00 

The aim of the present s tudy was to express the 
effect of insulin preparations and the lability of the 
disease in figures, based on a statistically valid method. 
The analysis of variance was selected to determine 
separately the variations of blood glucose level which 
were considered to be of interest. We considered the 
criterion of a well suited insulin preparation to be its 
ability to keep the blood glucose variation as low as 
possible during the 24 h period between the injections. 
Because meals and periods of physical exercise under 
controlled condifiions were also repeated with 24 h 
intervals, i t  was natural  to perform the analysis of 
variance according to the variat ion within and between 
24 h periods as exemplified in Table 1. The blood glu- 
cose values were considered to be represented b y  the 
normal distribution closely enough to justify the use 
of the analysis of variance outlined above (which is 
rather  insensitive to moderate deviations from the 
normal distribution). I t  should be mentioned here tha t  
the selection of the t ime points for sampling is not a t  
random, malting the  te rm "var iance" used here not  
corresponding to variance in a strictly statistical mean- 
ing. I towever,  the method o~ calculation is the same, 
so this expression has sti~ been used to avoid confusion. 

With  this approach the "Between columns" mean 
square and variance m a y  be used for assessment of the 
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Fig. 2. Blood glucose in mg per 10O ml (ordinate) related to time (abscissa) during 5 day periods, exemplifying different 
combinations of mean squares and variances in 5 female diabetic patients and 1 constructed case 

Between columns Between rows t%esidual Combined 
Figure Patient Age, years Therapy mean variance mean variance variance variance 

square square 

A ~ .  A. 86 Oral 546 66 
B R .S .  68 Insulin 867 107 
C It .  T. 73 Insulin 48097 9415 a 
I) E . D .  63 Insulin 30 400 5 800a 
E S . J .  56 Insulin 733 50 
F Constructed case 0 0 

104 0 218 189 
1850 379 ~ 333 712 
6 842 1455 a 1022 2 477 

59100 14420 a 1392 15812 
13 407 3 252 a 401 3 653 

0 0 21600 16 300 

a indicates a significant variance (P < 0.01) 

ability of the insulin preparat ion to maintain an even 
blood glucose level between the injections, i.e. how 
good if. suits the pat ient ' s  individual requirement of 
insulin during the day. The rest of the vaxiation of the 
blood glucose values, expressed by  the "Combined" 
variance, will react ~ i th  a high value in a pat ient  with 
great and irregular variations of blood glucose values, 
which is generally subjectively judged to be a labile 
type of diabetes. However, since no objective and reli- 
able measure of the true lability to our knowledge 
exists, i t  is impossible to investigate whether the 
"Combined" variance exclusively measures the whole 

labile and stable diabetes. A consequence, then, must  
be tha t  the separation into one parameter  for the 
suitability of the insulin preparat ion and another for 
the labi~ty of the disease is not  absolute, as e.g. a 
change of insulin preparat ion m a y  lead to a changed 
reproducibility of the absorption of the injected insulin, 
and thus also influence the "Combined" variance. Such 
limitations will, however, apply to any method based 
on blood glucose values, and if this is kept  in mind, the 
information from estimates obtained by  the present 
method m a y  be useful. 

The present method, like other methods based on 
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blood glucose values during a certain period, gives an 
instantaneous picture of the situation during that  very 
period. When repeated under the same conditions, 
certain differences in the  estimates should be expected. 
The "Combined" variances in Table 2, which were not 
expected to be much influenced by the change of insulin 
preparations, show only moderate changes within pa- 
tients during the four experimental periods with the 
exception of subject F.N. With insulin preparation I, 
he had a considerably lower "Combined" variance than 
otherwise found in this patient with similar prepara- 
tions. We think that  the low "Combined" variance was 
not due to the insulin preparation, but rather that  the 
very lability in patients with high "Combined" vari- 
ances may be labile so that  a low value can occur by 
chance. I t  is difficult to reach a representative value 
for such a lability unless the number of days in each 
experimental period is considerably increased. This 
patient was included here to illustrate this phenome- 
non, but otherwise values from such a patient should 
be rejected in a trial of insulin. 

In  this material, 4 daily blood glucose controls were 
used in some cases, and 9 in others. Of course the vari- 
ances determined will reach a greater accuracy with 
an increasing number of observations. However, the 
number of daily observations must often be limited for 
practical reasons, but  the magnitude of the '~ 
columns" mean square should not be influenced by 

mean squares on this basis. We found that  these esti- 
mates differed only to a minor degree from the original 
ones. The deviations were not systematic. Thus the 
reduction of the number of observations during the 
period of the day covered seemed to be of small signifi- 
cance for the magnitude of the "Between columns" 
mean squares. The present experiments were performed 
to illustrate the method rather than the patients or the 
insulin preparations. However, when the aim is to 
characterize the latter, the blood glucose values should 
cover the whole 24 h period and values during the 
night thus should be included. 

Izzo and Cl~vm~ [3] used the same basic principle 
as we have done; tha t  is, they separated the blood 
glucose variation during the day from the day-to-day 
variation. However, there are differences in the method 
of calculation. Their inter-daily variation corresponds 
to our "Between rows" mean square. Their intra.daily 
variation includes the residual variance, and corre- 
sponds to the "Within rows" variance in an one-sided 
analysis of variance. Different types of insulin were 
compared depending on their effect on these two varia- 
tions in a material of patients, divided subjectively 
into one stable and one instable group. By calculating 
mean squares and variances the present method might 
be expected to give a more distinct picture of the effects 
of the insulin preparation and of the disease, respec- 
tively. We think that  the residual variance should be 

Table 3. Comparative evaluation o/four insulin preparations by the present method of av~alysis 
of variance and by determination of the M-value in five patients 

Patient Parameter Insulin preparation 
II III IV 

M.G. 

Between mean 2168 2 640 2280 276 
square 

columns variance 310 a 470 a 392 a 0 
M-value 19.3 12.9 16.8 10.9 

ff.J. 

Between mean 4264 5504 2149 2089 
square 

columns variance 752 a 948 a 318 �9 306a 
M-value 10.8 18.1 21.4 7.0 

C.R. 

Between mean 5153 5 513 7 322 3 940 
square 

columns variance 875 a 964 a 1641 a 541 a 
M-value 10.9 9.3 10.3 10.1 

D.P.  

Between mean 22 756 65 434 57 620 1548 
square 

columns variance 3 280 a 12 508 a 10 931 a 0 
M-value 57.0 61.8 56.7 59.2 

Between mean 145 242 165144 131604 3 666 
square 

columns variance 28 763 a 32 206 a 25 211 a 377 
M-value 92.8 107.3 145.8 30.5 

a indicates a sigaificant variance (P < 0.01). 

this, provided that  the number of days in each experi- used rather for selection of patients than included in 
mental period is kept constant. In  cases with 9 daffy the parameter used for assessment of the preparations 
observations we extracted the values at  8 a~ 12, 14 s~ in a trim of insulin. 
and 19 hrs and recalculated the "Between columns" H~mLAS-MS~Lw~ etal .  [2] in testing the lente insu- 
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lins used three parameters  - -  the mean blood sugar, 
the differences between the highest and the lowest 
blood sugar during a 24 h period, and the dispersion of 
the individual 24 h blood glucose curves. J ~ s l ~ D  [4] 
expressed the degree of control by  the percentage of 
blood glucose determinations falling between 75 and 
200 mg per 100 ml, and considered a percentage over 
80 as a sign of satisfactory control. The use of these 
methods will be limited, for they do not  permit  a sep- 
aration of factors causing inefficient blood glucose 
control, and they are less sensitive than  the present 
method. 

SCHLIC~TK~VLn et al. [6] evaluated the efficiency 
of diabetes therapy by  the introduction of the M-value. 
I t  is obtained from a formula based on blood glucose 
determinations, and primarily constructed to agree with 
an empirical ranldug of therapeutic results made by  
nine diabetes experts. The estimates obtained with the 
present method measure other factors than  the M- 
value. With the material  from the insulin trial a com- 
parison was made between the present t rea tment  of 
data  and the M-value method (Table 3). The two 
methods agree upon the best insulin preparation in 
most  of the cases, the lowest M-values agreeing with 
the lowest "Between columns" mean squares. How- 
ever, the deflections made by  the M-value are smaller 
than  those of the "Between columns" mean square, 
most  strikingly seen in subject D.P. ,  where changes in 
the mean blood glucose level disguise the improvement  
otherwise obtained with preparat ion IV. The com- 
parison illustrates the view tha t  the M-value is useful 
as a general index of blood glucose control in patients 
with diabetes. However, e.g. in testing insulin prepara- 
tions, the present method may  be more efficient, since 
the effect of the insulin preparat ion is obtained separa- 
tely, and not  included in a general expression for the 
quality of blood glucose control. 

Judged from the blood glucose curves, insulin prep- 
arations I--III appeared to contain an insufficient 
proportion of long-acting insulin. In  subjects M.G., 
J . J .  and C.1~. the insulin demand was probably low 
during the night, and thus their "Between columns" 
mean squares were only moderately raised. The other 
two patients  presented in Table 2 were of a more labile 
type, as indicated by  higher "Combined" variances. 
They probably had a considerable requirement of in- 
sulin during the night, for when treated with prepara- 
tions I - - I I I  they revealed very high blood glucose 
values in the morning. There was a gradual decrease 
to normal or even subnormal values in the evening. 
The great blood glucose variations observed with the 
unsuitable preparations led to high "Between columns" 
mean squares which were remarkably  different from 
those obtainable with a more suitable preparation (IV). 
Generally, it is more difficult to find a preparat ion which 
gives a good blood glucose control in labile diabetics. 
I t  is possible tha t  this is the background to the obser- 

ra t ion  tha t  the "Between columns" mean squares 
were correlated to the "Between rows" mean squares. 
However, in several cases it was possible to reach a 
comparat ively low "Between columns" mean square 
in spite of a high "Between rows" or "Combined" vari- 
ance, and these cases probably caused the correlation 
coefficient to be as low as 0.39. 

A considerable difference between the lowest and 
highest blood glucose value during the day was regis- 
tered in patients with high "Between columns" mean 
squares. Because the lowest blood glucose values were 
in the normal range, the mean daily or weekly blood 
glucose value must  necessarily be considerably ele- 
vated. Thus, an increased "Between columns" mean 
square should invariably be combined with an elevated 
mean blood glucose value, otherwise some blood glu- 
cose values will fall within the hypoglycaemia range. 
On the other hand, a high mean blood glucose value 
is not incompatible with a low "Between columns" 
mean square. We think tha t  this may  form an explana- 
tion for the weak correlation (r = ~- 0.34) observed 
between the mean blood glucose values and the "Be- 
tween columns" mean squares. 

The judgement of the general blood glucose control 
in a given pat ient  by  the present method should con- 
sider three factors: a) The "Between columns" mean 
square and variance, which illustrates the adequacy of 
the insulin preparat ion and administration schedule; 
b) The "Combined" variance, which illustrates the role 
of the lability of the disease; and c) The mean blood 
glucose value for the experimentalperiod, which should 
reflect the adequacy of the dose of insulin. 
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