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Summary. Differences between paired blood glucose 
values during two successive 24-h periods of continuous 
blood glucose analysis were investigated during 22 studies 
in seven unstable diabetics, three stable diabetics, and 
three normaI subjects. The absolute means (without 
regard to sign) of dai ly differences (MODD) were high in 
unstable diabetics (36.6 to 158.1 mg/100 ml), intermediate 
in stable diabetics (10.2 to 35.1 rag/100 ml), and low in 
normals (6.2 to 8.2 mg/100 ml). MODD was a measure of 
the blood glucose changes resulting from day- to-day  
variation in response to therapy that was kept as constant 
as possible. When therapy was deliberately intensified 
through the use of four daily injections of short-acting 
insulin, MODD decreased in five of six such experiments.  
In  two diabetics retested at  intervals of 5 to 7 months 
without  change in insulin regimen, MODD values re- 
mained similar. MODD quantifies another characteristic 
of blood glucose behaviour, the between-day var iabi l i ty ;  
this is an important  complement of the mean ampli tude 
of glyeaemic excursions (MAGE, a measure of within-day 
variabil i ty) and of the mean blood glucose concentration, 
MBG (the overall level of glycaemia during the var iabi l i ty  
measurements).  

Variation quotidienne de la glyedmie enregistrde en eon- 
tinu: une mesure suppldmentaire de l'instabilitd diabdtique 

Rdsumd. L'analyse continue de la glyc@mie pendant  
deux p@riodes suecessives de 24 heures a permis d 'dtabl ir  
la diff@rence entre les valeurs coupl4es du glucose sanguin 
pour chaque p6riode, au cours de 22 dtudes chez 7 diabd- 
tiques instables, 3 diabdtiques stables et 3 sujets normaux. 
Chez les diab@tiques instables, la moyenne absolue des 
diff@rences quotidiennes (MADQ) dtai t  61evde (36.6 
158.1 mg/1O0 nil), interm@diaire chez les diab6tiques 
stables (10.2 k 35.1 mg/1OO ml) et basse ehez les sujets 
normaux (6.2 ~ 8.2 mg/1OO ml). La MADQ mesurai t  les 
ehangements de la glyegmie dus aux variat ions quoti- 
diennes de la r@onse au t rai tement ,  lequel t ra i t  aussi 
constant que possible. Duns six exp6riences, l 'augmenta-  
t ion intentionnelle du t rai tement ,  par  l ' injection d'insuline 
rapide 4 lois par  jour, provoqua une diminution de la 
MADQ k cinq reprises. Chez deux diabdtiques 6tudids ~ in- 
tervalles de 5 ~ 7 mois, sans changement de t rai tement ,  la 

MADQ est rest@e semblable. La MADQ earact6rise aussi 
la variabilit@ quotidienne de la glyedmie, eompl~ment 
impor tant  .k l ' ampl i tude  moyenne des variations du glu- 
cose sangum pendant  la journ@e (AMVG) et ~ la glye6mie 
moyenne (GSM) au tours  de la m6me p6riode. 

Tag-zu-Tag-Schwankungen des kontinuierlich gemesse- 
hen Blutzuekers: ein weiteres Marl f~r die Lab~liti~t des 
Diabetes 

Zusammenfassung. Es wurden die Differenzen zwi- 
schen den beiden einander zugeordneten Blutzucker- 
werten w/ihrend zwei aufeinanderfolgender 24-Stunden 
Perioden einer kontinuierliehen Blutzuckeranalyse bei 
22 Untersuehungen an sieben labilen Diabetikern,  drei 
stabilen Diabet ikern und drei Normalpersonen unter- 
sucht. Der absolute Durchsehnit tswert  der tgglichen 
Differenzen (MODD) (ohne das Vorzeiehen zu beachten) 
war bei den labilen Diabetikern hoch (36.6 bis 158.1 rag/ 
100 ml), weniger hoch bei den stabilen Diabet ikern (10.2 
bis 35.1 mg/100 ml) und niedrig bei den Normalen (6.2 bis 
8.2 mg/100 nil). Der Mittelwert  der ti~gliehen Unterschie- 
de (MODD) war ein Mat? der Anderungen der Blutglueose- 
konzentrat ion auf Grund yon Tag-zu-Tag-Schwankungen 
als Folge der Therapie, die so konstant  wie m6glieh ge- 
halten wurde. Wenn die Therapie betrgchtl ieh intensiviert  
wurde, indem vier t/igliehe Insulininjektionen eines kurz- 
wirkenden Insulins gegeben wurden, verminderte  sieh der 
Mittelwert bei 5 yon 6 Untersuehungen. Bei zwei Dia- 
betikern, die naeh 5 bis 7 Monaten ohne Ver/~nderungen 
der Insulinbehandlung wieder untersueht wurden, blieben 
die MODD-Werte/~hnlich. Sic sind ein Mal3 einer weiteren 
Eigenschaft des Blutzuekerverhaltens,  n/~mlich der 
Sehwankungen yon Tag zu Tag. Dies ist eine wiehtige 
Ergi~nzung zu den Messungen tier durchschnit t l ichen 
Ampli tude der Blutzuckerkurve (MAGE, ein Mal~ der 
Sehwankungen innerhalb eines Tages) und der durch- 
sehnittlichen Blutzuckerkonzentrat ion,  MBG (dureh- 
schnittl ieher Blutzuekerspiegel wghrend der Messung der 
Blutzuckerschwankungen).  

Key words: Blood glucose variabi l i ty ,  Continuous 
blood glucose analysis, Insulin therapy,  Unstable  dia- 
betes. 

Af ter  50 years  of the  the rapeu t i c  use of insulin,  
res tor ing normal  b lood glucose homoeostas is  in d iabe t ic  
pa t ien t s  has  not  been achieved [1, 2]. This  is pa r t i -  
cular ly  so in d iabet ics  who are most  lacking in endo- 
genous insulin [3]. I f  progress is to  be made  in t h e r a p y  
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search Grant AM-I0152 from the National Institutes of 
]-[ealth, Public Health Service, and by a grant from the 
Endieott-Bohn Foundation. 

t oward  norma l  b lood glucose homoeostas is  achieve- 
ment ,  the  causes of the  differences be tween norma l  and  
deranged  behav iour  mus t  be ident if ied and  measured  
[4]. I n  an effort to de te rmine  why  cur ren t  " o p t i m a l "  
d iabet ic  t h e r a p y  fails to  achieve b lood glucose normal-  
iza t ion in more  t h a n  jus t  a genera l  [5] or an ind i rec t  
w a y  [6], we have  per formed  studies wi th  cont inuous  
moni tor ing  of b lood glucose and  have  a t t e m p t e d  to  
iden t i fy  and  measure  the  differences be tween d iabet ic  
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and normal blood patterns [1, 2]. A previous report 
dealt with higher mean levels of glycaemia and the 
wider blood glucose fluctuations of diabetics [2]. This 
report identifies and quantifies the greater day-to-day 
variability of diabetics. 

Recently, we have described, as a measure of blood 
glucose regulatory stability, the mean amplitude of 
glycaemic excursions (MAGE) during continuous blood 
glucose monitoring of ambulatory, fed subjects under 
standardized living conditions [2]. In  that  work, we 
were concerned mainly with within-day blood glucose 
swings, although day-to-day changes also were ex- 
amined. We observed that  some diabetic patients with 
wide within-day blood glucose swings (high MAGE 
values) had relatively more consistent blood glucose 
patterns from day to day than did others with similar 
MAGE values. Conversely, some patients With lower 
IVIAGE values had less consistent blood glucose patterns 
from day to day. Evidently, MAGE and the diurnal 
mean blood glucose level do not identify or quantify 
the day-to-day component of blood glucose variation. 
Others also have considered day-to-day blood glucose 
variation [5, 7--9] in attempting to quantify diabetic 
instability, but on the basis of intermittent blood 
glucose determinations and generally under less highly 
standardized conditions. 

We report herein our findings concerning the mean 
of daily blood glucose differences (MODD) of paired 
blood glucose values on successive days. As anticipated 
in a previous report [4], this new parameter seems to 
be a useful additional quantification of blood glucose 
regulatory stability, along with MAGE and the diurnal 
mean blood glucose level. 

M e t h o d s  

Our methods of study, which combined prolonged 
metabolic investigations with 48-hour-long continuous 
blood glucose monitoring, as well as the clinical 
features of the subjects we investigated, have been 
described in detail [1, 10]. Two programs of clinically 
optimal therapy with insulin were developed and used 
for the unstable diabetics [1]. One was the once or 
twice daily injection of intermediate-acting insulin, 
with or without short-acting insulin, from the same 
syringe. The other was the four times daily injection 
of short-acting insulin. The time schedule of insulin 
injections, meals, exercise, and sleep was consistent 
throughout the studies (Fig. 1 through 4). The diet 
provided major meals of equal calories and equal com- 
position (by weight and analysis) of carbohydrate, of 
protein and fat content within each day and between 
days [1]. The exercise consisted of a 1-hour walk in 
the third postprandial hour. The subjects were train- 
ed to walk at a similar pace during each exercise 
period [1]. The analytic methods, including the con- 
tinuous automated blood glucose monitoring, also 
have been reported [1, 11]. A quantification of blood 

glucose regulatory stability (or diabetic instability) 
also has been reported [2]. 

In  the present study, both previously reported and 
additional data ~ were examined as follows. Blood 
glucose values at 5-minute intervals (taken from the 
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Fig. 1. Blood glucose curves of three normal subjects dur- 
ing 48 h of continuous blood glucose analysis. Solid line 
= first 24 h ; interrupted line = second 24 h ; B = break- 
fast ; L = lunch; Sk = snack; D = dinner ; Su = supper; 
E = exercise for 1 h. * = MODD, mg/100 ml; t = mean 

blood glucose mg/100 ml; • = MAGE, mg/100 ml 
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Fig. 2. Blood glucose curves of two stable diabetics during 
48 h of continuous blood glucose analysis. Treatment was 
predominantly with intermediate-acting insulin injected 
once daily. 1% = regular insulin; L = lente insulin. The 
first 24 h dose is in solid letters and numbers; the second 
24 h dose is in dotted letters and numbers. Other symbols 

as in Fig. 1 

continuous record) were matched with the corre- 
sponding values 24 h later, and the absolute differen- 
ces (without regard to sign) of the matched pairs were 

1 Three studies not previously reported (one each in 
patients D1, D2, and D4) are included in this report). 
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Fig. 3. Blood glucose curves of t ~ o  unstable diabetics 
obtained during" 48 h gf continuous blood glucose analysis, 
SL = semilente insulin. Insulin was injected once daily. 

Symbols as in Figs. 1 and 9, 
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Fig. 4. Blood glucose curves of two unstable diabetics 
obtained during 48 h of continuous blood glucose analysis. 
Treatment was with short-acting insulin injected four 

times daily. Symbols as in Fig. i through 3 

determined. The mean of these differences (MODD) 
and their dispersion about the mean were calculated. 2 

2 We are aware of anMogous measures of between-day 
blood glucose variability by Izzo and Crump [7] and by 
Hedner and Nord4n [9] involving the variance of measure- 
ments between days. We chose our measure because of its 
simplicity. Analyses were also carried out by using the 
method of Hedner and Nordgn [9]; results were similar 
to those using our method. 

Nonparametric rank-sum tests and Student 's  " t "  
test  were used to test  hypotheses as deemed appro- 
priate. 

Results 

Relevant clinical and analytic data are summarized 
in Table 1. Daily insulin dosage and differences, during 
successive 24-h periods, in paired blood glucose values 
(MODD) are shown in Table 2. 

The Figures illustrate typical pairs of consecutive 
24-h continuous blood glucose records. Fig. 1 shows the 
patterns for three normal subjects (N1, N2, and N3); 
all three subjects had low values for MODD and for the 
other parameters noted in Table 1. Fig. 2 shows blood 
glucose patterns for two stable diabetics; one (D10) 
had a low MODD value and the other (Dl l )  had an 
intermediate MODD value, despite similar MAGE and 
mean blood glucose values (Table 1). Fig. 3 shows 
blood glucose patterns for two unstable diabetics who 
were treated with intermediate-acting insulin regimens; 
in one (D4), the MODD value was high, and in the 
other (D8), it was intermediate. Their MAGE values 
were similar although their mean blood glucose values 
were different. Figure 4 shows blood glucose patterns 
for two other unstable diabetics, during t rea tment  with 
short-acting insulin regimens. The higher MODD value 
is associated with the lower 3~AGE value (D7), and the 
lower MODD value is associated with the higher MAGE 
value (D2) ; the mean blood glucose values were similar. 

The values of MODD varied significantly among the 
three groups of subjects ( P < 0 . 0 0 1 ;  Kruskal-Wallis 
test). They were significantly higher for unstable dia- 
betics than for the other two groups (P < 0.01). 

To determine whether changes in MODD values 
occurred merely as the result of day-to-day changes 
in insulin dosage (Table 2), the data from studies 
without day-to-day dosage changes were reexamined. 
There still was a highly significant difference (by 
rank-sum test) in MODD between unstable diabetics 
as one group and stable diabetics and normal subjects 
as another group (P~-0.001). Therefore, minor day-to- 
day changes in insulin dosage probably do not in- 
fiuence the difference in MODD values between these 
groups. 

The effect of change in insulin therapy on MODD 
values was compared from one study to the next in the 
same unstable diabetics. The change was from clini- 
cally suboptimal therapy with one or two daily injec- 
*ions of intermediate-acting insulin to intensified, 
clinically optimal therapy with four daily injections 
of short-acting insulin [1, 2]. Decreased mean blood 
glucose and urinary glucose values resulted (Table 1), 
but  no significant decrease in MAGE could be achieved 
[2]. In  all but  one instance (D1), such intensified 
therapy also resulted in decreased values of MODD 
(Table 2). However, the MODD did not differ signifi- 
c antly on the two regimens (P ~ 0.06 by  rank-sum test;  
P ~ 0 . 1 7  by " t "  test). 
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A fur ther  compar ison  was made  when the  reg imen 
of bo th  shor t -ac t ing  insulin t h e r a p y  and  the  t iming  of 
insul in a d m i n i s t r a t i o n  were changed  as follows in 
p a t i e n t  D4:  (1) insul in in ject ions  and  meals  were given 
a t  6-h in te rva ls  in s t ead  of the  usual  5-h in t e rva l  
be tween  meals  and  a 9-h in t e rva l  a t  n igh t  [1, 2]; and  
(2) regula r  insul in was given before every  meal ,  ins tead  
of the  usual  regula r  insul in before d a y t i m e  meals  and  
semilente  insulin before the  bed t ime  meal  [1, 2, 6]. 
The resul t  was an  increase in MODD, mean  blood 
glucose, and  MAGE,  b u t  the  u r i n a r y  glucose value  
r ema ined  as low as before (Tables 1 and  2). 

lyzed  for the  completeness  wi th  which t h e y  sepa ra t ed  
the  groups  of subjec ts  (Fig. 5). MODD di f ferent ia ted  
more cons is ten t ly  among groups of subjec ts  (normals,  
s table,  and  uns tab le  diabet ics)  t h a n  d id  the  differences 
be tween  successive 24-h mean  blood glucose, MAGE,  
and  u r i n a r y  glucose values.  

Comment 

D a y - t o - d a y  blood glucose va r i a t ion  as measured  b y  
MODD in this  s t u d y  is i n t ended  to i l lus t ra te  an im- 

Table 1. Relevant data for subjects studied 

Subject;  Age (yr); Diabetes, 48-h MBG 48-h MAGE 48-h mean 
regimen a sex durat ion (yr) (mg/100ml) (mg/100ml) ur inary  

& s tabi l i ty  b glucose c 
(gm/24 h 

Normals 
N1 24 2r 80 60 3.9 
N2 57 F 83 44 2.2 
N3 24 F 78 22 2.2 
Stable diabetics 
D9 47 F 11 S 110 82 2.4 
D10 55 2r 14 S 115 79 2.9 
D l l  70 F 18 S 111 67 2.1 
Unstable  diabetics 
D1 I -A 45 F 41 HU 208 200 15.9 

I -A 214 225 54.2 
S-A 145 198 13.3 

D2 I -A 44 F 12 HU 244 184 53.7 
S-A 152 185 29.1 
S-A 155 197 16.9 

D3 S-A 20 F 15 H U  223 199 9.3 
D4 I -A 59 F 20 U 196 154 44.4 

S-A 113 121 2.7 
S-A d 170 168 3.0 

D6 I-A 36 M 24 U 170 169 9.3 
S-A 101 123 3.6 

D7 I -A 21 M 12 U 146 119 23.0 
S-A 141 134: 17.4 

D8 I -A 25 F 9 U 149 149 14.3 
S-A 119 119 3.9 

a I -A = intermediate-act ing insulin injected once or twice/24 h; S-A = short- 
acting insulin injected four times/24 h 

b S = stable;  U = unstable;  HU = highly unstable 
e These measurements,  by  a ferrieyanide AutoAnalyzer  method, have a high but  

individually constant  b lank [12]; this explains the apparent ly  high values in the 
normal subjects 

a S-A regimen with insulin and meals a t  6-h intervals 

W h e n  the  reg imen of insulin t h e r a p y  was kep t  
unchanged  f rom one s t u d y  to ano ther  (a l though dur ing  
the  in te rven ing  5 to  7 mon ths  the  insul in dosage d id  
change s l ight ly  [Table 2]), MODD values  r ema ined  
r e m a r k a b l y  s imilar  in pa t i en t s  D1 and  D2. Dur ing  
these  studies,  IMAGE and  mean  b lood glucose values  
also r ema ined  similar ,  b u t  da i ly  va r i a t i on  in M A G E  
changed  considerably .  

To eva lua te  whe ther  MODD provides  a more  useful  
index of d a y - t o - d a y  blood glucose v a r i a b i l i t y  t h a n  the  
d a y - t o - d a y  differences in 24-h M A G E  in mean  blood 
glucose or in u r i n a r y  glucose, these values  were ana-  

p o r t a n t  measure  of d iabet ic  in s t ab i l i t y  and  to provide  
numer ica l  charac te r iza t ion  of the  difference be tween 
consecut ive nyc tohemera l  blood glucose curves.  Be- 
cause of the  a rduous  na tu re  of cont inuous  b lood 
glucose moni tor ing,  these s tudies  had  to be l imi ted  to  
two consecut ive 24-h periods.  This l imi ta t ion  does no t  
impa i r  the  considera t ion  of MODD as a p a r a m e t e r  of 
d iabe t ic  in s t ab i l i t y  to  be appl ied  to fu ture  s tudies  of 
longer dura t ion .  However ,  i t  does l imi t  genera l iza t ions  
beyond  the  avai lab le  da ta .  F o r t u n a t e l y ,  the  present  
inves t iga t ion  inc luded s imul taneous ,  a lbe i t  inter-  
mi t t en t ,  measurement s  of o ther  var iables  such as 

24* 
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urinary glucose and plasma Il~I concentrations, so 
tha t  the interrelationships of these other variables to 
MODD could be analyzed. The analysis relating to 
ur inary  glucose has been presented under  l~esults ; the 
interrelationships with I R I  form par t  of another  
repor t  [13]. 

MODD is a parameter  of blood glucose regulatory 
stabil i ty t ha t  complements MAGE and mean  blood 
glucose. MODD best quantifies day- to -day  blood glu- 
cose variabil i ty under  conditions designed to min- 
imize blood glucose change [1]. MODD measures the 
blood glucose changes resulting from variations in 

Table 2. Daily insulin dosage and MODD values, during 
successive 24-h periods 

Subject; Insulin dosage MODD (mg/100 ml) 
regimen a (units/24 h) No. of 

Day 1 Day 2 Mean pairs SD 

Normal 
N1 8.2 285 7.3 
N2 7.6 283 7.1 
N3 6.2 282 5.8 

Stable diabetics 
D9 P75 b P75 b 23.6 287 13.6 US0-SA 

T250 b T250 b US.B-I A 
D10 17 17 10.2 277 6.9 SO 
D l l  47 47 35.1 273 19.9 N 
Unstable diabetics US 0-S A 
DI  I-A 33 35 53.7 286 48.9 USD-IA 

I-A 27 27 50.2 275 37.9 $D 
S-A 33 36 97.1 284 64.0 N 

D2 I-A 33 34 63.2 280 44.7 USD-SA 
S.A 38 39 39.7 271 36.9 USD-~A 
S-A 41 41 37.8 274 25.3 SD 

D3 S.A 38 38 51.5 282 35.2 N 
D4 I-A 28 28 158.1 278 85.0 USD-SA S-A 22 22 36.9 271 23.8 

S-A c 20 20 59.8 279 32.3 USD-IA 
D6 I-A 34 36 44.6 283 38.3 SD 

S-A 28 28 37.5 274 25.6 N 
D7 I-A 63 63 70.3 278 39.8 

S-A 50 52 48.5 281 37.2 
D8 I-A 40 40 41.1 274 22.9 

S-A 33 33 36.6 276 30.9 

a I-A = intermediate-acting insulin injected once or 
twice/24 h; S-A = short-acting insulin injected four times/ 
24 h 

b p = phenformin; T = tolazamide (mg/24 h) 
c S-A regimen with insulin and meals at 6-h intervals 

l i ty with which blood glucose excursions occur. (The 
coefficient of variat ion of MAGE was similar in the 
three groups of subjects [2]). The magni tude  of blood 
glucose excursions, generally but  not  necessarily, 
tended to be more variable (both within and between 
days) when the excursions are wider (Fig. 1 through 4). 
Ins tead  of relying on the M value [2, 5, 8], which lumps 
the quant i ta t ive  assessment of a diabetic 's adequacy 
of blood glucose regulatory compensation, we have 
aimed for separate quantifieations of the following 
components :  1. the mean level to which diurnal 
glyeaemia has been decreased by  therapy,  given by 
mean blood glucose; 2. the wi thin-day extent  of 
postprandial  blood glucose swings, given by  MAGE;  
and 3. the day- to -day  variat ion in glycaemia, given by  
MODD. We previously found that ,  on intensification 
of insulin therapy,  individually irreducible MAGE 
values as well as f requency and severity of hypo- 
glycaemie episodes limited the extent  to which mean 
blood glucose could be decreased in unstable dia- 
betics. While MODD values also separated the groups 
of subjects, this parameter  (somewhat like the mean 

f ,~~ * *  

oo o o o 

+ + + 

i ; , . , ,  oo + + 

• 

[oo oo 
i [ : i i i I i t 4 /  i 

0 20 40  60 80 100 140 

Blood glucose(rng/lOOml) or Urine glucose(gin) 

i 
<5 

! I 

160 

Fig. 5. Comparisons of MODD with day-to-day differences 
(A) in 24-h MAGE, mean blood glucose (MBG), and urine 
glucose (UG) values. Symbols: • = normals; -t- = stable 
diabetics; circles = unstable diabetics. Open circles are 
values during therapy with intermediate-acting insulin 
regimen (I-A); closed circles are values during therapy 

with short-acting insulin regimen (S-A) 

response to the rapy  tha t  has been kept  as constant  as 
possible. MAGE measures the average extent  of blood 
glucose swings. I n  unstable diabetics, these blood 
glucose swings are wide because of excessive increases 
in blood glucose as a result of too little insulin action, 
usually soon after food intake. I n  the same subjects, 
the blood glucose swings are also wide because of 
excessive decreases in blood glucose as a result of too 
much insulin action, usually late after food intake. 
Thus, MAGE measures the relative inadequacy of 
therapy  in keeping blood glucose excursions within 
normal  limits. MAGE does not  measure the variabi- 

blood glucose) could be varied, and intensification of 
t rea tment  usually, but  not  always, tended to decrease 
it. On the same regimen of therapy,  MODD appeared 
relatively stable for those subjects in whom this was 
tested. 

Thus, MODD quantifies the clinical phenomenon 
of between-day variabil i ty of blood glucose behaviour 
under  conditions of relative constancy of experimental 
conditions. MODD can be relatively independent  of 
)/[AGE because some pat ients  (for example, D2 and 
D4 on the short-acting insulin regimen) can have wide 
blood glucose swings within days but  relatively less 
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wide blood glucose differences between days. Like- 
wise, other patients (D7 and D11 on the intermediate- 
acting insulin regimen) can have relatively narrow 
blood glucose swings within days but relatively wide 
blood glucose differences between days. The mean 
blood glucose supplies important  background infor- 
mation about the degree to which mean glyeaemia 
approached normal as the other two parameters were 
measured. With these three values, it is possible to 
describe quantitatively a diabetic's degree of blood 
glucose regulatory instability or stability. 

The causes of within-day blood glucose changes 
being relatively independent of between-day blood 
glucose changes are not known. The wider-than-normal 
within-day blood glucose fluctuations in diabetics 
reflect the lack of adaptation between the moment-to- 
moment need for and supply of insulin. The greater- 
than-normal between-day variations indicate that,  
despite constant treatment,  the results of t reatment 
are abnormally variable. Consideration of the pre- 
sumed causes of each of these types of blood glucose 
changes suggests that  they are so related as to make 
various degrees of interdependence possible. The 
presumed principal cause of wider-than-normal within- 
day blood glucose variation is insufficient insulin 
action soon after meals and excessive insulin action 
late after meals. A partial confirmation of this hypo- 
thesis is now at hand from measurement of I g I  levels 
in insulin-treated patients [13]. Additional factors 
which may widen the amplitude of glyeaemie excursions 
are: 1. influences augmenting early postprandial 
glyeaemia, including hormonal anti-insulin factors (such 
as glueagon, epinephrine, and growth hormone), rapid 
gastrointestinal absorption of carbohydrate [14], and 
augmented glueoneogenesis and 2. influences decreas- 
ing late postprandial glycaemia, including muscular 
exercise and glyeosuria. The presumed principal causes 
of wider-than-normal between-day blood glucose varia- 
tions may be day-to-day changes of insulin delivery to 
and effectiveness in the liver and peripheral tissues. 
Furthermore, day-to-day variation in the factors pre- 
sumed to be affecting the width of glyeemie excursions 
could also contribute to the variation in day-to-day 
blood glucose patterns. 

Others have used measures of day-to-day vari- 
ability to quantify diabetic instability [4, 6--8], but 
these all were based on intermittent blood glucose 
determinations and on 4 to 9 values per 24 h in contrast 
to our 288 values. However, some of the studies 
extended from 3 to 6 days [5, 7, 9]. Quantitative 
analysis of our continuously collected urinary glucose, 
ketone body, and nitrogen data, for periods before, 
during, and after our 48-h continuous blood glucose 
analysis, Suggests that  the 48-h-long continuous blood 
glucose studies were representative of the 6-day-long 
balance periods [1]. However, because the correlation 
between urinary glucose variation from day to day and 
MODD values was not sufficiently high to be statisti- 
cally significant, it is not possible to state how repre- 

sentative the observed MODD value for 48 h might 
be of the 6-day periods of study. Studies in progress 
show promise that  adequate, although less precise, 
quantification of diabetic instability may be feasible 
with a relatively small number of blood glucose values 
obtained, with identical timing, on successive days 
[15]. These additional studies reveal the feasibility of 
applying the present methods of analysis to inter- 
mit tently obtained data, so that  patients could be 
studied (for both investigative and practical clinical 
purposes) over more extended periods than has here- 
tofore been possible because of the limits imposed by 
continuous blood glucose analysis [1, i l l .  

In this context it is important to acknowledge that,  
for clinical data to be interpretable, they need to be 
accumulated with sufficient precision and under inter- 
pretable conditions. With cooperative patients and 
proper emphasis on the importance of making accu- 
rately timed observations, while therapeutic conditions 
(insulin, diet, and exercise) are kept similar from day 
to day, the practical clinical application of the lessons 
learned during these investigations has not been unduly 
difficult [15]. The difference between investigative and 
practical clinical data gathering may in this case be 
merely one of degree. For instance, the degree to which 
conditions are kept similar from day to day is some- 
what more lax in the clinic or hospital than in the 
research ward. Because blood glucose levels respond 
to meals, exercise, and other activities, the sampling 
of blood must be related to the timing of these activ- 
ities instead of to clock time if changes in timing of 
activities occur. Furthermore, the number of blood 
samplings has to be compatible with a level of dis- 
comfort acceptable even to a cooperative patient. I t  
is reasonable to assume that  patients who seek help 
because of genuine difficulties of regulating their dia- 
betes are likely to be cooperative. Their physicians in 
turn need to recognize that  quantification of blood 
glucose variability should include three elements: 
day-to-day changes, within-day changes; and overall 
level of glyeaemia. 
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