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INTRODUCTION

The shortcomings of standard protamine zinc
insulin when used alone in a single daily injection
for the treatment of so-called “severe” diabetes are
well known (1-4). Post-prandial glycosuria, noc-
turnal hypoglycemia, or both, are common and are
directly attributed to its slow, gradual but vari-
able rate of absorption from the subcutaneous de-
pot (5). Consequently, increasing attention has
been directed during the past several years toward
developing a depot insulin whose activity would be
distributed more in keeping with the physiological
needs of the diabetic. Several preparations inter-
mediate in time-action between ordinary unmodi-
fied insulin and standard protamine zinc insulin
have been proposed. Of these the most promising
and extensively studied are modifications of stand-
-ard protamine zinc insulin (6-18) and globin in-
sulin with zinc (19-32).

The modifications of standard protamine zinc
insulin include premixed and extemporaneous
mixtures of unmodified or crystalline insulin with
standard protamine zinc insulin in various propor-
tions (5-12), specially modified protamine zinc
insulin, type NP-50 (13-15) and more recently
specially modified insulin types NPC-40 and NPH-
50 (12). The most popular and widely used
mixture seems to be the pre-mixed, unbuffered
“2:1 mixture” (9-12), made by mixing thor-
oughly two parts of unmodified or crystalline in-
sulin with one part of standard protamine zinc
insulin. The physical nature and principal consti-

1 Aided by grants from Eli Lilly and Company, and
from the Hochstetter Fund of the University of Rochester
School of Medicine and Dentistry.

2The insulins used in these studies were supplied
through the courtesy of Eli Lilly and Company.

8 Bertha Hochstetter Fellow in Medicine, and Eli Lilly
Fellow in Medicine.

4 From the Department of Mathematics, University of
Rochester.

tuents of the insulins mentioned are outlined in
Table 1.

In a previous report (33) the time action
curves and solubility properties of all of these
intermediate insulins were compared. This paper
deals with a quantitative comparison of five of
these insulins ® at the clinical level. No report
has appeared previously in the literature in which
all of these insulins have been compared clinically
in the same group of patients.

PLAN OF INVESTIGATION

Patients. Nineteen women patients with diabetes melli-
tus were used in this investigation. Throughout the pe-
riod of study, which in each case extended over several
weeks, they lived quietly in the hospital under carefully
controlled uniform conditions. They observed normal
sleep and waking habits. Activity was restricted to be-
ing up and about on the hospital floors ad libitum.

The subjects selected do not represent a random sample
of the population of our diabetic clinic. They were se-
lected specifically to obtain a wide range in age, dura-
tion of diabetes, insulin requirements, and stability, as
outlined in Table II. Since the classification of the pa-
tients on the basis of stability is important in the later
interpretation of results it is pertinent to digress a mo-
ment to discuss it more fully.

It became obvious early in the investigation that de-
spite meticulous control of the external factors the re-
sponse in some cases was strikingly different from that
in others. Observations of the types of patients under
investigation impressed one of us with the fact that it
is possible to separate out two rough clinical groups
irrespective of amount of exogenous insulin required
or type of insulin used. These have been called the rela-
tively stable group (Patients 1-7) and the relatively un-
stable group (Patients 8-19). No sharp line of demarca-
tion is possible between the groups. Nevertheless, in
most instances a classification could be made without
difficulty after a sufficient period of observation under
controlled conditions.

In the unstable group control was difficult. Control is

5 NP-50 insulin was omitted because its manufacture
had been discontinued at the time this investigation was
started.
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TABLE 1
Physical nature and principal constituents of different insulin preparations
. Modifying agent
Name of preparation | pH | appeas | Chamcter Zine | Relative amount of insulin in
ance
Type Amt.
- |(mg./100 u,
of insulin)

Crystalline insulin 3.3 | Clear No ppt. None — 0.02 | All in solution
Standard protamine 7.2 Cloudy | Amorphous | Protamine| 1.25 0.20 Practically all in the precipi-

zinc insulin tate
2:1 mixture (2 parts 5.9 | Cloudy | Amorphous |Protamine| 0.42 0.07 Practically all in the precipi-

insulin, 1 part prota- tate

mine zinc insulin)
Special protamine zinc 7.2 | Cloudy | Amorphous | Protamine| 0.50 Approximately 25%, in solu-

insulin, type NP-50 tion and 75%, in the pre-

cipitate

Specially modified insu- 7.2 | Cloudy | Crystalline |Protamine| 0.40 0.02 | Largely but not all in the

lin, type NPC—40 recipitate, a small fraction

in solution

Specially modified insu- 7.2 Cloudy | Crystalline |Protamine| 0.50 0.02- | Practically all in the precipi-

lin, type NPH-50 0.05 tate
Globin insulin with zinc 3.7 | Clear No ppt. Globin 3.80 0.30 | All in solution

here used in the strict sense, implying not only complete
absence of glycosuria but also maintenance of blood sugar
levels within the normal range. Under the conditions of
the study the typical unstable patient was subject to
wide, unpredictable swings in blood sugar levels; com-
plete absence of glycosuria was virtually impossible; in-
termittent or irregular glycosuria of variable degree was
the rule; reactions to insulin tended to be frequent, severe,
difficult to eliminate and aggravated by attempts to main-
tain normal blood sugar levels; ketosis was prone to de-
velop rapidly; slight excesses or deficiencies of insulin
were apt to produce marked hypo-or hyperglycemia, re-

spectively. In contrast it was possible to approach con-
trol in the stable patient; variations in blood sugar levels
were decidedly less; virtually complete absence of gly-
cosuria was possible without the penalty of frequent or
severe insulin reactions; the response of the blood sugar
to changes in dose was sluggish ; ketosis was not observed.

Diets. All patients received three weighed meals
daily, breakfast at 8:00 a.m., lunch at 12:00 noon and
supper at 5:00 p.m. In the relatively unstable group of
patients in-between feedings at either 3:00 p.m., 9:30 p.m.,
or both were frequently necessary. For example, the
evening feeding was routine with standard protamine zinc

TABLE II
Supplementary information about the patients in this study
. Insulin—single daily di
Diet A.C. breakfast (units)
Patient Age Duration of
number g diabetes
Protein Fat Carbohydrate c}}g‘:és Ats:ﬁ:ir; of Agt?ll:‘g'd
(yrs) (yrs) (in g.) (in g.) (in g.)

1 49 14 75 40 151 1,264 70 45
2 74 20 69 72 138 1,476 65 55
3 66 13 63 60 102 900 75 60
4 60 10 78 78 150 1,534 44 44
S 74 7 70 96 170 1,824 4 44
6 74 4 70 90 170 1,770 35 35
7 67 87 98 183 1,962 15 35
8 44 14 81 84 160 1,720 20 22
9 53 7 72 46 150 1,392 50 30
10 21 1 92 94 171 1,898 240 200
11 22 13 81 9 181 1,898 48 46
12 39 10 69 138 164 2,674 24 30
13 58 S 94 106 195 2,010 48 40
14 66 13 77 93 188 1,897 56 56
15 14 3 920 100 248 2,260 75 140
16 21 6 95 101 200 2,170 75 50
17 28 23 60 71 182 1,607 48 52
18 55 24 - .n 100 150 1,784 28 34
19 24 5 76 72 171 1,546 40 - 85
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insulin while the mid-afternoon feeding was routine with
globin insulin with zinc. The pattern of in-between feed-
ings was less consistent with the modifications of stand-
ard protamine zinc insulin. As a rule the diets (see
Table II) approximated those that the patients were ac-
customed to receiving prior to the investigation. The pro-
tein value of the diet was calculated on the basis of 1.0 to
1.5 g. per kg. of ideal body weight and the remaining
calories distributed approximately equally between car-
bohydrate and fat. In the sub-maintenance diets reduc-
tion in calories was chiefly at the expense of fat. The
total daily carbohydrate intake in most cases ranged be-
tween 150 g. and 200 g., with extremes of 102 g. in one
elderly patient on a very low caloric intake and 248 g. in
an adolescent patient. The basic distribution of carbo-
hydrate for the three meals was breakfast 20%, lunch
40%, and supper 40%, with lunch and supper both con-
tributing to the in-between feedings. The range of car-
bohydrate distribution was as follows: breakfast 20-30%,
lunch 35-40%, supper 30-40%, in-between feeding 8-15%.
Insulins. Each of the patients was observed from one
to six weeks in the hospital under uniform conditions be-
fore the insulin comparisons were begun. It was found
that for a given patient the over-all variability among
blood and urinary sugar levels remained quite constant
during this period. Since the insulins were to be com-
pared on their ability to affect this variability it was felt
that a more extended initial period of adjustment would
not have altered the results of the insulin comparisons.
Five different insulins, namely: the 2:1 mixture,
NPC-40 insulin, NPH-50 insulin, globin insulin with
zinc, and standard protamine zinc insulin were compared
in each patient. The order in which they were given
was varied from patient to patient. Insulin was always
administered hypodermically in a single daily dose before
breakfast. The comparisons are based on the perform-
ance of each insulin over periods of three to ten consecu-
tive days (mode of five days). On changing from one in-
sulin to another a period of adjustment (usually one to
three days) was allowed before the comparison was made.
In most patients the performances of one or more of the
insulins were observed during two. periods separated by at
least one period on some other insulin. With few excep-
tions it was found impossible to maintain the insulin dose
in the individual patient constant throughout the study.
Changes in tolerance necessitated slight adjustments in
dose from time to time. In some cases a gradual im-
provement in tolerance occurred so that the insulin dose
had to be gradually reduced; in others, however, the re-
verse was true. In six patients (nos. 10, 14, 15, 17, 18, 19)
standard protamine zinc insulin was omitted because of
a history of severe nocturnal reactions with doses large
enough to prevent marked glycosuria or ketosis during
the day. It was not felt advisable to subject these indi-
viduals to the possibility of severe nocturnal reactions.
Blood and urinary sugar. Specimens of venous blood
were taken four times daily at 7:30 am. 11:30 am.,
4:30 p.m., and 9:30 p.m. and analyzed for glucose ac-
cording to Somogyi’s modification of the Shaffer-Hart-
man copper iodometric titration method for “true” blood
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sugar estimation (34). Twenty-four hour urines were
collected in four periods: 7:30-11:30 a.m. 11:30-4:30
p.m., 4:30~9:30 p.m., and 9:30 p.m.-7 :30 a.m., and analyzed
quantitatively for glucose according to the Shaffer-Hart-
man method (35) using Somogyi’s new copper reagent
(34).

ANALYSIS OF THE DATA

The volume of the original data makes it im-
practical to present them in their entirety.. A
summary of the original data is presented in Tables
IIT and IV. The purpose of these tables is only
to provide the reader with a general impression
of the levels and variability of the blood and uri-
nary sugar determinations during the period of
study.

The primary problem in the analysis of these
data is a descriptive one. The extent of the data
makes it difficult to determine by inspection
whether there are consistencies of patient response
reflected by blood and urinary sugar levels which
relate to type of insulin received. A striking fea-
ture in the blood and urinary sugar levels in dia-
betics is their variability in contrast to their con-
stancy in non-diabetics. Hence, a reasonable basis
for comparing insulins is their effect on this vari-
ability. The total variability among the blood or
urinary sugar levels for each patient on each in-
sulin has been divided into two components, intra-
and inter-daily variability. The intra-daily varia-
tion is the variability among the four determina-
tions (of blood or urinary sugar) in a single day.
To measure this variation monotonic functions of
the variance ® of the four readings in a single day
have been used. Precise definitions of ¢ntra-daily
variation for blood and urinary sugar are given in
the appendix.

The inter-daily variation is the variability among
the average blood or urinary sugar levels from
one day to another. In order to compare the dif-
ferent kinds of insulin it would not be pertinent.to
have the measure of inter-daily variation include
variability resulting from changes in unit dose
from one day to the next. Inmter-daily variation
should include only that variability remaining when
the patient is treated as nearly identically as pos-

8 The variance of a set of numbers is an average of the
squared differences between the numbers and their mean.
The use of the wariance as a measure of variability is

discussed in any standard text on statistics, e.g., Snedecor
(36).
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TABLE III
Summary of blood sugar data
Mean and range of blood sugar in mg. % at Number
Average

Patient Insulin daily o days

dose 7:30 a.m. 11:30 a.m. 4:30 p.m. 9:30 p.m. vation
1 2:1 mixture 63 106 (99-115) 90 (79-107) 85 (70-112) 104 (98-110) 3
NPC-40 45 136 (120-150) | 121 (103-144) | 116 (97-129) 134 (124-141) 3
NPH-50 52 129 (108-140) | 104 (73-131) 96 (74-127) 114 (82-134) 6
Protamine zinc 70 138 (134-155) | 127 (117-141) | 119 (77-148) 147 (100-190) 5
Globin with zinc 47 131 (115-146) | 121 (97-138) 100 (56-132) 107 (82-127) 3
2 2:1 mixture 61 99 (76-133) 92 (52-189) 93 (68-148) 132 (105-246) 12
NPC-40 59 116 (84-159) 94 (60-140) 107 (78-148) 144 (109-200) 10
NPH-50 56 121 (47-163) 109 (88-127) 127 (86-197) 172 2145-—197) 14
Protamine zinc 60 92 (75-104) 108 (86-131) 130 (113-151) 158 (137-179) 6
Globin with zinc 60 122 (99-165) 126 (99-157) 136 (104-162) 154 (130-171) 6
3 2:1 mixture 65 135 (88-176) 141 (104-161) | 118 (93-144) 126 (43-162) 4
NPC—40 60 147 (130-166) | 1S5 (144-178) | 115 (75-164) 128 (98-150) 4
NPH-50 60 151 (123-171) 164 (148-182) | 138 (116-170) 151 (136-173) 4
Protamine zinc 72 114 (65-164) 128 (82-171) 124 (86-162) 140 (116-176) 4
Globin with zinc 60 138 (88-172) 133 (128-138) | 140 (130-148) 104 (68-154) 4
4 2:1 mixture 44 162 (143-193) 180 (167-204) | 172 (151-208) | 201 (172-246) 3
NPC—40 4 152 (139-164) | 161 (142-176) 175 (146-200) 185 (144-224) 3
NPH-50 45 160 (100-188) | 184 $89—270) 198 (168-238) | 234 (194-264) 6
Protamine zinc 44 165 (121-200) | 161 (78-224) 212 (138-251) 193 (85-258) 3
Globin with zinc 44 142 (106-159) | 218 (199-237) | 210 (186-226) | 157 (128-185) 3
5 2:1 mixture 44 152.(119-195) | 166 (148-184) | 146 (99-168) 189 (162-211) 5
' NPC—40 44 186 (139-217) | 178 (54-233) 169 (107-217) | 235 §177—268) 6
NPH-50 44 165 (133-229) | 194 (154-248) | 178 (121-265) | 235 (165-350) 8
. Protamine zinc 4 146 (97-193) 165 (127-200) | 170 (124-208) | 206 (182-224) 5
Globin with zinc 44 134 (118-146) | 171 (161-188) | 147 (111-184) 171 (129-198) 5
6 2:1 mixture 35 112 (103-121) | 120 (103-136) | 140 (88-193) 126 (75-152) 3
NPC—40 35 126 (99-165) 148 (137-157) | 114 (88-130) 146 (107-194) 3
NPH-50 35 128 (112-137) | 158 (133-182) | 138 (124-166) 172 (163-190) 3
Protamine zinc 35 106 (97-112) 97 (84-112) 118 (70-142) 127 (95-144) 3
Globin with zinc 35 100 (78-117) 120 (97-144) 141 (131-150) 152 (126-179) 3
7 2:1 mixture 26 136 (97-193) 148 (60-218) 146 (53-252) 171 (73-260) 8
NPC—40 24 159 (82-200) 172 (99-266) 99 (66-127) 149 (110-170) 4
NPH-50 23 154 (132-182) | 174 (56-252) 137 (90-199) 160 (96-213) 7
Protamine zinc 23 148 (94-222) 212 (78-318) 230 (154-286) | 226 (139-295) 7
Globin with zinc 24 168 (113-216) | 172 (104-230) | 154 (76-210) 160 (62-248) 7
8 2:1 mixture 18 184 (146-234) | 183 (129-233) | 203 (152-243) | 227 (132-296) 4
NPC—-40 18 135 (108-160) | 154 (92-254) 114 (74-144) 160 (105-198) 4
NPH-50 20 176 (86-254) 185 (51-290) 172 (14-270) 211 (160-314) 10
Protamine zinc 17 163 (112-197) | 200 (162-282) | 181 (140-204) | 268 (135-454) 4
Globin with zinc 20 206 (150-259) | 208 (120-295) | 180 (84-226) 236 (185-299) 8
9 2:1 mixture 45 124 (80-179) 157 (71-260) 109 (40-154) 129 (53-255) 7
NPC—40 40 132 (85-175) 185 (157-233) | 103 (68-132) 88 (46-129) 4
NPH-50 39 107 (47-222) 146 (65-203) 113 (63-243) 91 (28-220) 10
Protamine zinc 36 68 (59-77) 147 (110-198) | 168 (140-204) 127 (93-159) 3
Globin with zinc 44 166 (93-264) 198 (136-251) | 116 (47-219) 72 (49-130) 7
10 2:1 mixture 240 91 (68-128) 167 (115-239) | 136 (57-276) 130 (74-212) 4
NPC—40 216 69 (27-86) 124 (76-184) 54 (26-84) 72 (43-128) S
NPH-50 220 80 (57-116) 106 (60-178) 91 (60-201) 100 (23-205) 8

Protamine zinc :

Globin with zinc 200 84 (51-128) 1167 (106-269) | 100 (24-187) 52 (31-79) 4
11 2:1 mixture 49 120 (67-160) . | 151 (41-229) 102 (29-194) 120 (54-219) 14
NPC—40 50 107 283—144) 112 (53-152) 110 (47-167) 119 (64-170) 6
NPH-50 49 135 (87-182) 115 §56—l62) 93 (44-148) 108 (55-163) 6
Protamine zinc 42 87 (21-139) 178 (116-238) 157 (108-195) 146 (70-206) 5
Globin with zinc 48 131 (95-174) 103 (40-148) | 78 (62-85) 132 (68-217) 6
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TABLE II—Continued

) Average Mean and range of blood sugar in mg. % at 1:)1;;&-;59;
Patient Insulin daily of obaye.
dose 7:30 a.m. 11:30 a.m. 4:30 p.m. 9:30 p.m. vation
12 2:1 mixture 30 83 (70-92) 94 (72-146) 116 (56-175) 111 (99-119) 3
NPC-40 30 118 (88-169) 106 (50-132) 131 (67-167) 146 (98-212) 3
NPH-50 30 106 (79-167) 107 (53-229) 140 (69-256) 137 (47-232) 7
Protamine zinc 28 93 (73-115) 198 (159-225) | 294 (166-374) | 188 (120-288) 4
Globin with zinc 30 111 (91-150) 173 (146-232) | 102 (55-157) 101 (61-131) 4
13 2:1 mixture 65 200 (176-242) | 142 (95-214) 198 (136-263) | 242 (204-291) 4
NPC—40 49 209 (177-240) | 137 (68-203) 161 (62-323) 176 (126-228) 8
NPH-50 55 169 (77-208) 178 (88-257) 157 (69-252) 176 (116-353) 13
Protamine zinc 47 176 (77-268) 212 (107-318) | 241 (104-337) | 239 (51-428) 8
Globin with zinc 40 175 (88-248) 174 (43-257) 100 (48-205) 155 (102-198) 8
14 2:1 mixture 54 148 (56-289) 203 (66-331) 148 (52-279) 153 (33-269) 14
NPC—40 55 140 (61-196) 183 (82-263) 138 (64-213) 163 (78-222) 8
NPH-50 55 175 (31-329) 262 (82-342) 207 (99-352) 265 (141-343) 9
Protamine zinc :
Globin with zinc 56 251 (82-344) 170 (61-356) 83 (46-185) 205 (139-293) 6
15 2:1 mixture 116 225 (82-340) 237 (51-312) 235 (107-405) | 332 (240-415) 17
NPC—40 140 100 (55-147) 50 (49-61) 195 (57-279) 238 (140-313) 4
NPH-50 150 126 (82-170) 114 (53-238) 226 (166-326) | 190 (153-262) 4
Protamine zinc
Globin with zinc 140 151 (90-225) 100 (63-120) 83 (37-123) 247 (109-328) 3
16 2:1 mixture 75 89 (27-228) 88 (39-176) 99 (23-214) 152 (33-310) 6
NPC—40 55 129 (34-288) 72 (34-132) 111 (26-214) 131 (29-276) 5
NPH-50 60 | 104 (43-286) 99 (21-227) 99 (31-255) | 193 (67-322) 9
Protamine zinc 49 114 (40-239) 120 (34-236) 178 (73-318) 225 (73-356) 4
Globin with zinc 55 184 (51-276) 138 (25-274) 73 (32-123) 142 (69-257) 5
17 2:1 mixture 48 129 (38-237) 137 (37-306) 152 (27-291) 110 (28-190) 5
NPC+40 50 189 (40-410) 160 (64-274) 172 (35-384) 240 (70-436) 10
NPH-50 52 | 150 (27-304) | 200 (58-343) | 202 (31-366) | 213 (22-376) 5
Protamine zinc v
Globin with zinc 48 381 (328-475) 311 (87-398) 76 (8-206) 71 (31-169) 5
18 2:1 mixture 30 246 (20-359) 181 (16-285) 119 (28-296) 194 (82-237) 9
NPC-40 32 220 (45-360) 199 (34-348) 234 (134-377) | 243 (145-437) 7
NPH-50 33 | 183 (109-347) | 138 (12-260) | 133 (25-278)" | 177 (70-307) 6
Protamine zinc
Globin with zinc 34 214 (105-340) | 153 (26-339) 109 (42-265) 150 (48-365) 4
19 2:1 mixture 51 162 (70-269) 286 (208-374) | 262 (88—460) 214 (53-274) 8
NPC—40 56 148 (73-282) 229 (160-285) | 270 (196-357) | 241 (119-347) 4
NPH-50 46 110 (64-221) 212 (93-300) 205 (118-258) | 228 (159-314) 10
Protamine zinc
Globin with zinc 44 266 (145-346) 324 (216-412) 163 (110-227) 111 (53-226) S

sible for each of a series of days. The period of
observation for each patient while receiving one
kind of insulin has been divided into “groups” of
days. A “group” of days is a series of consecutive
days on which a single patient received the same
unit dose of the same kind of insulin. Inter-daily
variation is then measured separately for each
“group” of days in a manner similar to that for
intra-daily variation. Precise definitions of inter-
daily variation are given in the appendix.

The choice of particular measures of intra- and
inter-daily variability is to a large extent arbi-
trary. The measures used in this analysis were

chosen because they possess certain desirable
statistical properties.

Each patient provides one estimate of her intra-
daily variation in both blood and urinary sugar on
each day of observation. When these are averaged
over all days on which the patient received the
same kind of insulin, the insulins may be compared
on their ability to control intra-daily variability.
Similarly, each patient provides one estimate of
her inter-daily variation during each “group” of
days of observation. These may be averaged over
all “groups” of days during which the patient re-
ceived the same kind of insulin in order to com-
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pare insulins on their ability to control inter-daily
variability.

While intra-daily variation measures the extent
of the variability among the four blood sugar deter-
minations in a single day it fails to describe the pat-
tern of this variability. It is possible for two in-
sulins to produce no detectable difference in intra-
daily variation even though they produce clearly
different patterns. In order to describe the pat-
tern of the intra-daily variability the mean devia-
tion from the daily mean at the four specified times
of the day has been calculated for each patient on
each insulin. For example, at 7:30 a.m. the
mean deviation from the daily mean? is the aver-

7 The mean deviations have also been calculated for
the urinary sugar determinations. Since they reflect the
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age of the deviations of blood sugar values at that
time from their corresponding daily means, where
the averaging is over all days on which the pa-
tient received a specified insulin.

Statistical tests of significance have been uti-
lized in deciding whether observed differences in
averages are sufficiently large to warrant the con-
clusion that kind of insulin had a real influence on
the quantity in question. In all cases the 5% sig-
nificance level has been used and the tests have
been carried out by means of Analysis of Variance
Technique. For a full discussion of this statistical
method see Snedecor (36). It has been assumed
throughout that changes in dose within the ranges

same patterns as the blood sugars they have not been
presented.

TABLE 1V
Summary of urinary sugar data
Aver- Mean and range of urinary sugar in g. from Dai é\lo. °ff
. . age y ays O
Patient | Tnsulin daily 7.30 a.m.— 11:30 a.m.- 4:30 p.m.- 9:30 p.m.- total obser-
dose 11:30 a.m. 4:30 p.m. 9:30 p.m. 7:30 a.m vation
1 |2:1 mixture 63 | 0.15(0.13-0.17) | 0.15(0.13-0.17) 0.15(0.13-0.17) | 0.17(0.15-0.20) | 0.62(0.54-0.71) 3
NPC-40 45 | 0.16(0.12-0.21) | 0.15 go .11-0.21) 0.15(0.09-0.21) | o. 1650 11-0.22) | 0.62(0.43-0.85) 3
NPH-50 52 | 0.54(0.10-2.38) | 0.25 0.09—0.65; 0.44(0.10-1.78) | 0.68(0.09-2.83) 1.9120.39-7.64) 6
Protamine zinc 70 | 0.22(0.15-0.40) | 0.20(0.15-0.30 0.20(0.15-0.30) | 0.38(0.15-1.02) | 0.99(0.60-2.02 s
Globin withzinc| 47 | 0.15(0.03-0.24) | 0.10(0.00-0.24) 0.14(0.03-0.20) | 0.21(0.08-0.28) | 0.61(0.12-0.96) 3
2 | 2:1 mixture 61 | 0.16(0.02-0.82) | 0.32(0.00-1.50) 0.28(0.12-1.59) | 0.30(0.13-0.58) | 1.08(0.26-4.49) 12
NPC-40 58 | 0.34(0.08-1.90) | 0.22(0.09-1.00) 0.26(0.06-0.50 0.26(0.14-0.40) | 1. 0450 .39-3.70) 8
NPH-50 56 | 0.26(0.02-0.91) | 0.18(0.02-0.35) 0.24(0.05-0.43) | 0.37(0.06-0.58) | 1.04(0.19-1.89) 13
Protamine zinc 60 | 0.16(0.05-0.31) | 0.20(0.10-0.36) 0.26(0.14-0.45) | 0.26(0.07-0.38) o.ss&o .69-1.28) 6
Globin withzinc| 60 | 0.23(0.09-0.45) | 0.35(0.14-0.73) 0.18(0.12-0.29) | 0.34(0.27-0.45) | 1.11(0.75-1.69) 6
3 | 2:1 mixture 65 | 0.11(0.08-0.12) | 0.11(0.08-0.13) 0.16(0.08-0.27) | 0.22(0.08-0.45) | 0.59(0.32-0.97) 3
NPC-40 60 | 0.12(0.10-0.19) | 0.13(0.10-0.21) 0.10(0.09-0.11) | 0.16(0.08-0.33) | 0.51(0.38-0.82) 4
NPH-50 60 | 0.14(0.04-0.32) | 0.16(0.10-0.30) 0.14(0.10-0.22) | 0.11(0.09-0.15) | 0.56(0.39-0.73) 4
Protamine zinc 72 | 0.12(0.06-0.20) | 0.12(0.05-0.20) 0.13(0.07-0.18) | 0.49(0.13-1.16) | 0.86(0.47-1.39) 4
Globin withzinc| 60 | 0.15(0.09-0.21) | 0.12(0.09-0.17) 0.18(0.09-0.27) | 0.23(0.08-0.62) | 0.67(0.35-1.24) 4
4 | 2:1 mixture 44 | 0.07(0.06-0. 08) 0.18(0.06-0.30) 0.14(0.06-0.22) | 0.25(0.07-0.43) | 0.64(0.25-1.03) 2
NPC—40 44 | 0.18(0.04-0.3 0.22(0.16-0.31) 0.14(0.08-0.19) 0.43(0.13-0.99) 0.96(0.43-1.82) 3
NPH-50 45 | 1.18(0.04-2. 72) 0.88(0.08-1.72) 0.81(0.08-1.93) | 0.85(0.08-3.10) 3.1120.32—7.31) 6
Protamine zinc 4 | 1. 1350 .93-1.45) | 0.84(0.06-1.92) 0.72(0.50-0. ssg 1.22(0.13-2.68) | 3.91(1.97-6.55) 3
Globin withzinc| 44 | 0.36(0.08-0.82) | 0.71(0.08-1.85) 0.38(0.08-0.89! 1.18(0.08-2.16) | 2.63(0.32-4.86) 3
s | 2:1 mixture 44 | 0.20(0.08-0.41) | 0.34(0.13-0.97) 0.17(0.10-0.29) | o. 21%0 .12-0.30) | 0.91(0.51-1.97) 5
NPC-40 44 | 0.49(0.16-0.70) | 2.63(0.15-6.39) 0. 25&0 .13-0.52) | 0.23(0.13-0.41) | 3.61(0.64-7.46) 5
NPH-50 44 | 0.58(0.01-1.97) | O. 6620 .01-2.14) 0.46(0.01-2.07) | 1.04(0.01—4.34) | 2.90(0.04-8.91) 7
Protamine zinc 44 | 0.31(0.10-0.71) | 0.21(0.03-0.35) 0.25(0.10-0.36) | 0.53(0.25-1.12) | 1.73(0.51-3.41) 5
Globin withzinc| 44 | 0.38(0.16-0.77) | 0.34(0.05-0.68) 0.53(0.12-0.95) | 0.40(0.18-0.81) | 1.64(0.69-3.06) 5
6 | 2:1 mixture 35 | 1. 36§0 .76-1.96) | 0.24(0.12-0.35, 0. 4350 .08-0.89) | 0.28(0.22-0.33) | 2.36(2.33-2.38) 2
NPC-40 35 | 2.19(0.66-3.04) | 2.00(1.28-2.90 1.25(0.49-2.70) | 0.58(0.26-1.09) | 6.01(4.96-7.35) 3
NPH-50 35 | 1.70(0.82-3.27) | 1.72(0.76-2.58) 1.34(0.89-1.47) | 0.67(0.40-0.91) s.so§3.96—7.45) 3
Protamine zinc 35 | 0.95(0.52-1.38) | 2. 2420 .17-4.32) 0.37(0.05-0.69) | 0.56(0.07-1.04) | 4.12(0.81-7.43) 2
Globin withzinc| 35 | 2.12(1.39-2.52) | 1.17(0.96-1.59) 1.33(0.74-1.88) | 0.43(0.27-0.73) | 5.06(3.37-6.20) 3
7 | 2:1 mixture 26 | 2.61(0.01-12.60) | 1.40(0.07-6.02) 1.12(0.07-4.16) 1.27(0.06-2.95) | 6.40(0.27-4.05) 8
NPC-40 24 | 0. 2750 .07-0.53) | O. 43§o .07-0.93) 0.39(0.07-0.83) o.7o§o .02-1.46) | 1.80 0 23—3 75) 4
NPH-50 23 | 1.64(0.34-4.02) | 1.38(0.22-3.20) 0.60(0.06-2.14) | 0.58(0.07-1.62) | 4.20(1.58-8.06) 7
Protamine zinc 23 | 2.05(0.39-5.00) | 4. 18§ .04-14.00) | 3. oo(o 98-7.22) | 1.98(0.13-7.45) |11.22(3. 16-23 28) 7
Globin withzinc| 24 | 2.76(0.14-6.93) | 1.19(0.18-4.52) 1.24(0.23-4.03) | 0.96(0.06-2.17) | 6.14(2.74-12.96) 7
8 | 2:1 mixture 18 | 1.03(0.19-2.70) | 0.63(0.14-1.58) 9.23(0.20-0.27) | 0.50(0.09-1.00) | 1.82(0.11-4.89) 3
NPC-40 18 | 0.50 0.30 0.20 0.22 0.56(0.12-1.22) 1
NPH-50 20 | 0.34(0.05-1.25) | 0.66(0.13-2.48 0.91(0.05-3.60) | 0.64(0.06-1.84) | 2. 542 .64-8.53) 10
Protamine zinc 17 | 0.71 go .08-1.34) 1.5920. 19-3.97 0.49(0.23-1.08) | 3.15 o.12—7.s7; 5.94(0. 73—-10 49) 4
Globin withzinc| 20 | 0.74(0.07-2.42) | 0.82(0.02-3 1.08(0.18-2.28) | 0.80(0.42-1.46) | 3.45(1.1 8
9 | 2:1 mixture 47 1. o4§o .34-2.06) | 0.48 0.16-1.58; 1.26(0.18-5.49) 1.52(0.27-5.07) | 4.04(0.54-13.50) 6
NPC-40 40 | 1.76(0.52-3.76) | 1.55(0.87-2.41 0.32(0.21-0. 48; 0.21(0.11-0.29) | 3.84(1.98-6. 74 3
NPH-50 39 | 0.40(0.03-1.55) | 0.52 0.03-1.56; 0.31(0.03-0.93 0.37(0.04-0.92) | 1.60(0.13-3 46 10
Protamine zinc 36 | 1. 1450 .25-2.69) | 0.85(0.12-2.16, 0.68(0.37-1.06) | 0.29 0.14-0.44; 2.96(1.27-6.19) 3
Globin withzinc| 44 | 1.22(0.27-3.81). | 1.64(0.04-5.00) 0.24(0.01-0.79) | 0.28(0.01-0.61) | 3.39(1.48-9.29) 7
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TABLE IVv—Continued

Aver- Mean and range of urinary sugar in g. from i (F"' ot;.
Patient Insulin age f ays o
daily total obser-
7:30 a.m.~ 11:30 a.m.~ 4:30 p.m.~ 9:30 p.m.-
dose 11:30 a.m. 4:30 p.m. 9:30 p.m. 7:30 a.m. vation
10 | 2:1 mixture 240 1.48(0.72-2.69) 1.73(0.31-4.02) 1.2850.36-2.98) 1.14(0.42-1.56) | 8.11(1.94-15.55) 3
NPC-40 220 0.31(0.16-0.72) | 0.45(0.14-1.82) 0.191 0.10—0.28; 0.22(0.16-0.43) 1.1820.64-2.92) 6
I{’IrPH-Sp in 220 1.27(0.02-3.91) 1.06(0.02-3.16) 0.32(0.02-1.31 0.72(0.04-3.86) | 3.36(0.10-8.62) 8
otamine zinc :
Globin with zinc| 200 1.39(0.06-5.06) | 0.95(0.06-3.07) 0.23(0.06-0.43) 0.44(0.08—0.93) 3.02(0.26-8.75) 4
1 2:1 mixture 49 3.70(0.20-15.10) | 5.56(0.30-15.10) 2.06(0.00-10.20) | 0.94(0.10-7.60) |12.26(2.30-37.50) 13
NPC-40 49 2.12(0.10-3.00) 1.08(0.30-1.90) 2.04(0.30-9. so; 0.69(0.10-3.80) | 5.93(2.80-16.40) 6
NPH-50 49 3.7221.70—9.50) 1.87(0.10-5.90) 0.98(0.20-2.40 0.50(0.20-1.60) 07(3.80-11.20) 6
Protamine zinc 42 3.24(0.20-8.00) | 6.80(1.00-13.90) 4.62(0.50-12.20) | 1.30(0.20-3.60) |15.96(3.30-30. 5
Globin with zinc 48 5.12(2.10-10.00) | 0.63(0.10-1.10) 1.00(0.10-3.. 30) 2.21(0.20-9.50) |10.33(5.40-18.50) 6
12 2:1 mixture 30 0.56(0.10-1.30) 1. 4050 .10-2.74) 0.25(0.13-0.. 35; 0.. 36§o .14-0.52) | 2.57 §0.47—3.82) 3
NPC-40 30 1.10(0.14-3.09) 1.56(0.14-6.84) 0.82(0.14-3.16 1.22(0.12-2.59) | 4.70(0.54-13.08) 3
NPH-50 30 1.14(0.03-3.78) | 2.38(0.03-7.20, 2.01(0.02-6. 20; 0.72§0 02-2.42) | 6.26(0.10-19.60) 7
Protamine zinc 28 3.57(1.15-6.85) 4.26%0 .58-9.80) 3.30(1.30-7.70; 1.50(0. 25—4.80; 12.63(4.02-29.15) 4
Globin with zinc 30 1.61(0.20-5.15) | 0.53(0.17-1.00) 1.41(0.15-4.40) 1.46(0.11-5.30 5.02(1.55-10.07) 4
13 | 2:1 mixture 65 1.17(0.56-1.88) | 2.11(0.59-3.12) 1.34(0.45-2.58) 3.85(2.38-6.55) | 8.46(5.86-12.67) 4
NPC-40 50 2.24(0.25-3.14) 1.64(0.21-2.92 0.68(0.21-1.. 42; 1.84 0.10—5.70; 6.40(1.22-11.41) 7
NPH-50 55 1.91(0.20-5.43) 1.62(0.06-3.74 0. 68§0 .02-3.25 1.34(0.05-4.86; 5.56(1.78-13.69) 13
Protamine zinc 45 6.05(0.33-16.10) | 4.47(0.17-11 41) 7.13(0.21-15.12) | 6.94(0.22-14.00)] 21.63(3.67-49.55) 7
Globin with zinc 40 1.46(0.42-3.12) 1.56(0.06-3.1 0.52(0.01-1.11) 0.76(0.11-2.51) | 4.30(0.93-7.80) 8
14 | 2:1 mixture 54 1. 9420 .04-6.13) | 2.20(0.05-11.65) 0.71(0.03-6.30) 0.60(0.03-3.24) | 5.74(0.22-22.00) 15
NPC-40 55 2.85(0.08-11.. 353 1.56(0.06-4.14) 0.52(0.10-2. 14; 0.25(0.10-0.40) | 5.18(0.62-16.11) 8
NPH-50 55 5.42(0.09-12.04) | 5.02(0.04-14.63) 3.77(0.28-7.64, 5.38(0.33-21.80)| 19.59(2.18-33.20) 9
Protamine zinc
Globin with zinc 56 4.71(0.03-13.54) | 2.06(0.03-8.88) 0.22(0.03-0.37) 3.62(0.11-17.96)| 10.60(0.42-22.88) 6
15 No data
16 | 2:1 mixture 75 2.88(0.17-8.65) | 4.42(0.22-11.88) 2.70(0.24-13.30) | 3.66(0.08-14. 60; 13.65(1.81-48.15) 6
NPC-40 55 0.84(0.14-1.88) | 2.48(0.40-7.18) 2.38(0.77-5.17) 7.19(0.39-25.00) 11.41(2.17-33.21) 4
NPH-50 61 4.11(0.20-14.99) | 2.02(0.16~5.67) 3.34 0.05-10.60; 4.66(0.24-11.65)| 13.94(1.05-29.94) 8
Protamine zinc 49 2.70(0.15-8.16) | 7.58(0.06-24.65) 6.80(0.17-13.35 3.69(0.39-6.3 7(10.60-46.16) 4
Globin with zinc 55 2.69(0.42-4.87) 1.82(0.26-6.26) 3.36(0.25-12.80) | 1.42(0.88-1.87) | 9.29(4.86-21.50) 5
17 | 2:1 mixture 48 0.81(0.04-2.58) | 0.59(0.04-2.03) 0.30(0.04-0. 1.30(0.04-4.95) 7.7050.16-27.65; 4
NPC-40 50 1.87(0.06-5.39) | 2.40(0.06-8.20) 3.10(1 06—-20 75) 5.64(0.08-31.00)| 13.02(0.26-38.35 10
Igrl;m o 52 1.90(0.03-3.62) | 3.98(0.03-9.52) 1.42(0.03-3.52) 3.42(0.02-7.41) |10.73(0.11-20.88) 4
e zinc
Globin with zinc 48 9.22(0.05-15.20) | 3.43(0.92-7.10) 1.15(0.13-4.04) 2.46(0.58-4.70) {16.25(5.92-24.62) 5
18 | 2:1 mixture 30 8.14(0.12-16.40) 1.3450.07-7.55) 0.82(0.07-4.00) 6.58&0.03—38.10) 16.88(5.38-48.98) 8
NPC-40 32 8.07(0.03-17.20) | 5.96(0.02-20.60) 5.04(0.07-12.00) | 4.30 0.01-17.40; 23.37 0.13-63.10; 7
ll;ll’l-l—sgl X 33 2.47(0.04-9.80) 1.45(0.05-7.90) 4.12(0.10-20.21) | 5.12(0.11-17.98)|13.16(0.38-47.01 6
rotamine zinc
Globin with zinc 34 8.04(0.07-21.70) | 1.80(0.21-3.90) 1.65(0.17-4.60) 6.69(0.05-16.72)| 18.18(0.50-27.02) 4
19 | 2:1 mixture 51 7.98(1.97-17.00) | 13.04(4.54-24.20) 8.38$0.44—23.00; 9.56(0.77-21.00) 38.9658.32—56.65) 8
NPC-40 57 14.33?.50-25.80) 23.67(15.00-40.40) | 10.55(4.60-13.70) | 16.30(4.60-31.10)| 54.97(24.32-75.40) 3
grlzl-l-sio o 48 5.27(0.94-20.70) | 3.68(0.11-9.15) 2.50(0.79-5.75) 3.34(0.28-9.35) |16.06(3.63-36.45) 8
tamine zinc
Globin with zinc 4 8.54(5.64-13.00) | 7.54(0.13-14.80) 2.97(0.56-5.72) 3.01(0.87-5.25) |20.21(12.77-34.39) 4

encountered had negligible effects on any of the
measures of response used. The validity of this as-
sumption is supported by the lack of any apparent
relation when any of the measures of response is
plotted against unit dose. It has also been neces-
sary to assume that the changes in diet distribution
which were necessary in some of the patients had,
at worst, a leveling effect on the quantities investi-
gated. Hence, when differences associated with
kind of insulin are observed it is felt that they
would be larger rather than smaller if diet distri-
bution had been entirely uniform over all insulins
for each patient.
RESULTS

Intra-daily variation. On the present measure-
ment scale ntra-daily variation in blood sugar

ranges from about 2.00 in non-diabetics to about
5.00 for the highest value obtained in this investi-
gation. The value for non-diabetics was calculated
from published .data (37). Although these data
are not directly comparable with those of the
present study, the value so obtained provides an
approximate normal level for intra-daily variation
in blood sugar.

Table V presents the average values for inira-
datly variation in blood sugar for each patient on
each insulin. In the eight patients marked with
the asterisk the probability of obtaining the ob-
served results on the hypothesis that the true -
tra-daily variation is the same with each of the
insulins tested is less than 5%. In these patients,
then, it is decided that there are changes in the
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level of intra-daily wariation associated with
changes in kind of insulin administered. The dif-
ferences observed in the other patients are small
enough to have arisen easily by chance. Although
individual patients show different levels of inira-
daily variation in blood sugar on the different in-
sulins, there is little consistency from one patient
to another. The data of this study do not dem-
onstrate any tendency for one insulin to maintain
this measure at lower levels than another when re-
sults are considered over all patients.

From the definition of intra-daily wvariation in
urinary sugar, it is clear that this quantity takes the
value zero when there is no glycosuria. The high-
est value obtained in the present investigation was
approximately 2.50. Table VI presents the
average values of the intra-daily variation in uri-
nary sugar. Again the patients in which the dif-
ferences among insulins are too large to be reason-
ably ascribed to sampling variation have been
marked with the asterisk. No tendency is ap-
parent for any one insulin to maintain intra-daily
variation in urinary sugar at levels higher or lower
than any other insulin.

Inter-daily wvariation. The highest value of

TABLE V
Average intra-daily variation in blood sugar
Patient|  2:1 NPC0 | NPH-so |Protamine | Cobin
number| mixture | insulin | insulin | ,®OE with
21nc

1 |2.53 (3)t | 2.61 3) |2.75 (6) | 3.09 (5) | 2.88 (3)
2* [3.06 (10) | 3.22 (9) | 3.44 (11)| 3.41 (6) | 2.95 (5)
3% |3.42 (4) | 3.42 (4) |2.57 (4) | 3.01 (4) | 3.17 (4)
4 13.16 (3) | 3.20 (3) |3.59 (5) | 3.99 (3) | 3.70 (3)
S 13.32(5) [3.76 (5) | 3.54 (8) | 3.52(5) | 3.21 (5)
6 |3.56(2) |3.16 (3) |3.18 (2) |2.99 (3) | 2.99 (2)
7 |3.57(8) |3.74 (3) | 3.61 (7) | 3.91 (7) | 3.50 (7)
8 13.77 (4) | 3.66 (4) | 3.66 (8) | 3.84 (4) | 3.77 (8)
9* [ 3.65 (7) | 3.80 (3) |3.47 (10) | 3.50 (2) | 4.06 (7)
10* | 3.63 (3) | 3.56 (4) |3.23 (8) 3.89 (4)
11 |3.66 (10)] 3.26 (5) | 3.72 (5) | 3.96 (4) | 3.57 (5)
12* | 3.33 (3) |3.39 (3) | 3.47 (7) |4.30 (4) | 3.45 (4)
13 | 3.97 (4) | 3.54 (8) |3.59 (12)] 3.77 (8) | 3.97 (8)
14* | 3.75 (13) | 3.71 (7) | 4.28 (9) 4.39 (5)
15 [4.14 (13) ] 4.50 (4) | 4.00 (4) 4.13 (3)
16 |4.02 (6) | 4.01 (5))3.92 (8) | 3.66 (4) | 4.24 (5)
17* [3.35 (5) | 4.04 (9) | 3.75 (5) 4.94 (5)
18* | 4.24 (7) | 4.05 (6) | 3.39 (5) 4.34 (3)
19 |4.37 (8) |4.34 (4) | 4.06 (8) 4.47 (5)

* The patients marked with the asterisk are those show-
ing differences among the insulins which are significant at
the 5% level.

1 The numbers in the parentheses are values of n, the
number of days of observation on which the average is
based. The standard error of any average in the table is
approximately equal to (1/vg) (.435).
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TABLE VI
Average intra-daily variation in urine sugar

‘Prota- Globin
Patient 2:1 NPC-40 | NPH-50 mine insulin
number| mixture insulin insulin zinc with
insulin zinc
1 [0.00 (3)t]|0.00 (3) |0.11 (6) |0.03 (5)]0.00 (3)
2 10.04 (12)}0.07 (8) |0.05 (13) | 0.01 (6) | 0.03 (6)
3 10.01 (3)|0.00 (4) |0.01 (4) [0.08 (4)0.02 (4)
4 10.01 (2) |0.05(3)]0.29 (6) |0.27 (3) |0.27 (3)
5* 10.03 (4) |0.58 (5) |0.34 (7) |0.06 (5)|0.04 (S)
6 [0.32 (2) |0.72 (3) [0.41 (3) |0.51(2)|0.41(3)
7* 10.56 (8) {0.07 (4) {0.53 (7) |0.89 (7)|0.84 (7)
8 10.30 (3) {0.02 (1) {0.30 (10) | 0.70 (4) | 0.32 (8)
9 (0.48 (6) |0.47 (3) |0.10 (10) | 0.24 (3) | 0.51 (7)
10 (0.28 (3) |0.08 (6) |0.37 (8) 0.33 (4)
11 1.31 (13)/0.86 (6) |0.99 (6) | 1.43 (5)}|1.33 (6)
12 [0.33 (3) |0.45 (6) |0.43 (4) [0.83 (4)|0.69 (4)
13 |0.54 (4) |0.58 (7) |0.66 (13) | 1.11 (7) | 0.40 (8)
}g‘ 0.77 (15)] 0.60 (8) |1.63 (9) 1.28 (6)
16 [1.00 (6) | 1.08 (4) |1.28 (8) |1.76 (4) | 1.11 (5)
17* {0.26 (4) | 1.06 (10)] 0.68 (4) 1.70 (5)
18* 11.83 (8) |1.23 (7) | 1.03 (6) 1.64 (4)
19* | 1.86 (8) {2.32 (3) |1.32(8) 1.65 (4)
* The patients marked with the asterisk are those show-

ing significant differences among insulins.

t The numbers in the parentheses are values of n, the
number of days on which the average is based. The
standard error of any value in the table is approximately
gl_/l\;;) (-303) for patients 1-7 and (1/vz) (.596g for patients

inter-daily variation in blood sugar obtained here
was about 5.50. No direct estimate of this quan-
tity was available for non-diabetics. Calculated
“guesses” based on published data (37) in which
non-diabetics were observed for just one day
place the figure in the neighborhood of 2.50.
Inter-daily variation in urinary sugar ranges from
zero in individuals showing no glycosuria to about
3.00 for the highest value in this study.

Table VII presents the average values for inter-
daily variation in blood sugar. In no case are the
differences associated with insulins sufficiently
large to indicate anything except sampling varia-
tion. Average values of inter-daily variation in
urinary sugar are shown in Table VIII. In this
respect there also seems to be no real difference
among insulins.

Mean deviations from the daily mean. The re-
sults of this part of the analysis are presented
graphically in Figures 1-5, each Figure corre-
sponding to one kind of insulin. - Part A in each
Figure plots the results for the first seven or
stable patients while Part B plots the results for
the last twelve or unstable patients. It may be
noted that each line in these figures represents the:
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TABLE VII
Average inter-daily variation in blood sugar

Prota- Globin

Patient 2:1 NPC-40 | NPH-50 mine insulin

number| mixture insulin insulin zinc with

insulin zinc

1 13.26 (1)*f] 3.35 (1) | 3.02 (2) | 3.65 (1) | 2.38 (1)
2 |3.82(2) |3.68(2)(3.39(3)]3.28(1)]3.61(1)
3 1358 (1) |3.18(1)|3.61(1)]4.27(1)]344()
4 1390 (1) |3.12(1)|3.89 (1) |4.12 (1) {3.74 (1)
5 1281(1) |390(1) 346 (1) (347 (1) [3.41(1)
6 [395(1) |395(1)|3.35(1)]4.17(1)]3.73(1)
7 13.82(2) |3.71(1)]3.59(2)]3.95(2)|3.47(2)
8 |3.98 (1) |4.20 (1) {4.21 (2) |4.70 (2) |3.92 (1)
9 14.26 (2) 4.32 (1) | 3.52 (3) | 4.56 (1) | 4.06 (2)
10 1492 (1) |3.06(1)[4.16 (2) 4.40 (1)
11 [4.08 (2) |4.23 (1) | 3.91 (2) 3.46 (1)
12 |1 3.94 (1) |4.43 (1) |4.54 (2)|4.45 (1) |4.09 (1)
13 | 3.82 (1) |4.27(2)|3.58 (5) | 4.38 (2) | 4.17 (2)
14 14.10(5) |4.28 (1) |4.59 (2) 4.77 (1)
15 |4.34 (3) [4.12 (1) | 4.74 (1) 3.65 (1)
16 [4.54 (1) |4.55 (1) |4.94 (2)|4.60 (1) |4.56 (1)
17 14.30 ?) 493 (2) [ 5.38 (1) 4.42 (1)
18 14.53 (2) |5.15(2) | 4.61 (2) 4.90 (1)
19 449 (3) |391(1)]3.82(3) 4.75 (1)
* The numbers in the parentheses are values of p, the

number of “‘groups” of days on which the average is based.
The standard error of any average in the table is approxi-
mately equal to (1/v3) (.565).

t The standard error in this case depends also upon the
number of days in each ‘“group” involved. Since the
numbers of days in the “groups” did not vary excessively
about the mode of 3, this factor has been ignored.

average over all the days on which the patient re-
ceived the given insulin. If the lines were plotted
separately for each day the high variability in the

TABLE VIII
Average inter-daily variation in urine sugar

Prota- Globin

Patient 2:1 NPC-40 | NPH-50 mine insulin

number| mixture insulin insulin zinc with

insulin zinc
1 0.00 (1)* 0.02 (1) | 0.61 (2) | 0.13 (1) | 0.07 (1)
2 0.52 (3) | 0.22 (2) { 0.04 (3) | 0.02 (1) [ 0.04 (1)
3 |0.04 (1) |0.02(1)]o0.01(1)]0.05 (1) | 0.06 (1)
4 0.11 (1) { 0.19 (1) | 0.82 (2) | 0.82 (1) | 0.79 (1)
5 0.13 (1) | 1.06 (1) | 0.54 (1) | 0.18 (1) | 0.32 (1)
6 0.00 (1) | 0.40 (1) | 0.63 (1) | 1.36 (1) | 0.51 (1)
7 1.08 (2) | 0.61 (1) | 0.52 (2) | 1.15 (2) | 0.86 (2)
8 0.77 (1) 0.69 (3) | 1.43 (1) | 0.82 (2)
9 091 (2) 1 0.87 (1) | 0.12 (3) | 0.94 (1) | 0.55 (2)
10 140 (1) | 0.18 (2) | 0.64 (2) 1.21 (1)
11 197 (3) | 1.57 (1) | 1.15(2) [ 1.76 (1) | 1.27 (1)
12 0.64 (1) {1.38 (1) | 193 (1) |2.23(1)|1.24(1)
13 | 1.05 (1) | 0.97 (3) | 0.52 (5) | 1.14 (2) | 0.84 (2)
{g 1.01 (5)'| 0.99 (1) | 1.64 (2) 1.92 (1)
16 2.49 (1) [ 2.33 (1) | 2.03 (1) | 0.50 (1) | 1.68 (1)
17 142 (1) | 1.89(2) | 2.14 (1) 1.78 (1)
18 | 1.68 (3) | 2.41 (2) | 1.66 (2) 2.18 (1)
19 2.16 (3) | 2.51 (1) | 1.95 (3) 298 (1)

* The numbers in the ntheses are values of p, the
number of “‘groups” on which the average is .

JOSEPH L. 1ZZO AND S. LEE CRUMP

shape from one day to another on the same insulin
would be apparent. In spite of this large varia-
bility, however, statistical analysis supports the
view that the consistency of the pattern is not a
chance effect and that the apparent differences in
pattern shown in Figures 1-5 are real differences.
This consistency in pattern not only shows itself
during any two days from the same period on a
given insulin, but also in any two days from differ-
ent periods on the same insulin.

In the stable group (Part A of Figures 1-5)
the patterns for the different insulins are essentially
the same. The three modifications of standard
protamine zinc insulin produce patterns in the un-
stable group (Part B of Figures 1, 2 and 3),
which are not only indistinguishable from one an-
other but also similar to the patterns of the stable
group. On the other hand, globin insulin with
zinc and standard protamine zinc insulin produce
patterns in the unstable group which are strikingly
different from those of the other three insulins.
The pattern of globin insulin with zinc displays a
consistent tendency toward high points at 7:30
am. and 11:30 am. and low points at 4:30 p.m.
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and 9:30 p.m. (Part B of Figure 5). In contrast
the pattern of standard protamine zinc insulin dis-
plays a consistent tendency toward low points at
7:30 a.m. and high points at 4:30 p.m. and 9:30
p. m. (Part B of Figure 4).2* Both of these pat-
terns should be contrasted with the more nearly
level patterns in the other instances.

8 It should be pointed out that the pattern might have
been even more striking had it been possible to include
all of the unstable group.
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DISCUSSION

It is pertinent at this point to show the extent
of agreement between the clinical classification of
the patients and a classification based on the ob-
jective measures of response. The patients were
ranked on the basis of each of the following quanti-
ties averaged over the whole period of study:

1.) Intra-daily variation in blood sugar
2.) Inter-daily variation in blood sugar
3.) Intra-daily variation in urine sugar
4.) Inter-daily variation in urine sugar

The agreement between the rankings on each of
these bases although by no means perfect was
found to be remarkably close. With one exception
each of the rankings separately classified the pa-
tients into the stable and unstable groups in ex-
actly the same way as clinical impression. The
numbering of the patients in this paper is based on
their respective average ranks. As would be ex-
pected no sharp line exists between the stable and
unstable patients no matter what criterion of sta-
bility is used. The decision to make the break
after seven patients was quite arbitrary. Be that
as it may, some scale of stability seems desirable
and meaningful. It is largely a matter of con-
venience in discussion to choose some dividing
point on it. The essential conclusions would not
be altered by moving this dividing point up or
down by small amounts.

The two clinical groups which have been distin-
guished here on the basis of clinical impression and
objective measures of variability possess the same
characteristics as the two groups distinguished
by Himsworth and Kerr (38) and Falta and
colleagues (39) on the basis of sensitivity to in-
sulin. Himsworth recognized two clinical groups
of patients corresponding to the two types of dia-
betics differentiated by an insulin-glucose test. He
remarked, “on the whole the insulin-sensitive dia-
betics tend to be younger, thin, to have a nermal
blood pressure and healthy arteries; in them the
disease is sudden and severe at onset; they easily
develop ketosis and react to a slight excess of in-
sulin with a hypoglycemic attack. The insulin-
insensitive diabetics on the other hand tend to be
older, to have hypertension and to exhibit arterio-
sclerosis ; the onset of the disease is insidious ; they
rarely develop ketosis and can tolerate over-dosage
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of insulin without showing symptoms of hypogly-
cemia.” It should be pointed out that Hims-
worth’s description of insulin-sensitive and insulin-
insensitive diabetics describes exactly the unstable
and stable diabetics respectively.

It would thus seem that generally speaking
the stable diabetic is relatively insensitive to in-
sulin whereas the unstable diabetic is relatively
sensitive to insulin. However, a given patient’s
sensitivity to insulin fluctuates. At one time a
given dose may invoke a profound hypoglycemia
and yet the same dose may have little effect at
another time. This is particularly true in the un-
stable patient and may give some insight into the
occasional lack of agreement between the labora-
tory tests and clinical grouping of patients noted
by both Himsworth and Falta. The general clas-
sification on the basis of stability is therefore con-
sidered preferable. It might be added that the
so-called “brittle” diabetic (40, 41) is merely an
example of marked instability.

Since the patients studied are not a random sam-
ple of the diabetic population, they provide no
estimate of the true proportion of unstable dia-
betics. The series is biased in favor of the un-
stable group because it is felt that these are the
patients in whom insulin timing is more critical.
Some idea of the proportion of relatively unstable
patients in the general diabetic population may be
gleaned from the fact that in our diabetic clinic
with a population between 250 and 300 the un-
stable group comprises probably not more than
25% of the entire group.

The importance of stability in the comparison
of behavior of the different insulins is evident
from the data presented. When the insulins are
compared on their ability to control intra- and in-
ter-daily variability, no large differences appear.
Since intra- and inter-daily variations are measures
of instability it becomes apparent that the ability
of the insulins tested to affect stability is negligible.
In spite of the best possible control of extraneous
factors (diet, environment, and insulin) a certain
basic instability remains, the degree of which is
characteristic for each patient.

In contrast with extent of intra-daily variability,
the pattern of intra-daily variability is affected
differently by the insulins, though notable only
in the unstable group of patients. In the stable
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group no serious timing defects are noted for any
of the insulins studied. The patterns of distribu-
tion of insulin activity as described by the mean
deviations from the daily mean of the blood sugar,
at the times selected, are nearly level. The pat-
terns are not only remarkably comparable from pa-
tient to patient, but even from insulin to insulin.
For all practical purposes none of the insulins
studied possesses any significant advantage over

. another in this group.

In the unstable group timing defects are brought
into sharp focus. Globin insulin with zinc displays
a consistent tendency to produce hypoglycemia in
the late afternoon or evening. At the same time
its action is too weak overnight to control ade-

quately the morning fasting levels. The so-called

“over-lapping” effect from dose to dose which is
considered important in controlling post-breakfast
hyperglycemia and glycosuria is either feeble or
lacking altogether. The action of standard pro-
tamine zinc insulin is, in certain respects, opposite
to that of globin insulin with zinc. Its action is too
weak to control adequately post-prandial hypergly-
cemia and glycosuria. At the same time it has a
distinct tendency to produce hypoglycemia over-
night. In other words, a fault common to both
insulins is too much activity at one time and too
little at another. In contrast, the three modifica-
tions of standard protamine zinc insulin appear
to have a more balanced distribution of insulin ac-
tivity over a 24 hour period.

It is noteworthy that reactions to insulin were
fewer, milder or less precipitous with any of the
three modifications of standard protamine zinc
insulin than with globin insulin with zinc or stand-
ard protamine zinc insulin. Also of interest is
the observation that subcutaneous injections of
any of the protamine insulins studied were de-
cidedly less apt to cause local discomfort (immedi-
ate “burning” or “stinging” pain) than those of
globin insulin with zinc.

Observations on the behaviour of the insulins
in question have been continued in each of the 19
patients under their routine living conditions fol-
lowing discharge from the hospital. They have
been followed at regular intervals (two to four
weeks) through the facilities of the out-patient
department for periods extending to as much as
three years. Although the data obtained from
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this “follow-up study” do not permit quantitative
comparisons, the general pattern of response to
the different insulins is essentially the same as
that already described. As a matter of fact, the
increased physical activity of the patients inci-
dental to pursuing their routine way of life has
tended, if anything, to accentuate the timing de-
fects. Finally, clinical experience with the insu-
lins in question in over 100 patients followed on an
out-patient status substantiates the opinions which
have been formulated on the basis of the controlled
studies presented.

The striking discrepancy in the performance of
globin insulin with zinc and standard protamine
zinc insulin in the two groups may be connected
with the problem of homeostasis. In the stable pa-
tient any inherent defect in timing of the given
insulin may be compensated for or minimized by
homeostatic mechanisms which seem to be func-
tioning to some extent; while in the unstable pa-
tient in whom the homeostatic mechanisms appear
to be seriously disrupted and insulin timing more
critical, any inherent faults stand out glaringly.
For this reason comparison of time-action curves
of various insulins in stable patients or in normal
laboratory animals (31-33) cannot be strictly cor-
related with comparison of clinical responses to
the same insulins. Difference in timing tends to
be minimized in stable patients and accentuated in
unstable patients. Some insight into the nature
and mechanism of the observed defects of globin
insulin with zinc and standard protamine zinc in-
sulin is afforded by some nephelometric .studies
on the combining properties of protamine and
globin for insulin reported in part in a previous
paper (33). These studies have been extended
and will be considered in detail in a separate com-
munication (42). The diurnal rhythm factor in
diabetics (43) may also serve to aggravate the
timing defects of globin insulin with zinc. There
is a natural tendency for the blood sugar to fall
during the day and rise during the night in a typi-
cal rhythmic fashion. The lowest levels are gener-
ally reached in the late afternoon or early evening
and the highest levels by early morning. In other
words, globin insulin with zinc, when administered
in a single daily injection before breakfast, pro-
duces a strong effect when the blood sugar is at
its lowest and, at most, a very weak effect when the
blood sugar is at its highest.
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SUMMARY

1. Each of five different insulin preparations
(the “2:1 mixture,” specially modified insulin
types NPC-40 and NPH-50, standard protamine
zinc insulin, and globin insulin with zinc) have
been compared in each of 19 women patients
with diabetes mellitus under routine but controlled
conditions in the hospital. The blood and urinary
sugar responses to each insulin have been deter-
mined in each patient over periods of several con-
secutive days (mode of five days).

2. The patients have been divided into two
rough groups, the relatively stable group and the
relatively unstable group, primarily on the basis
of the variability of the blood and urinary sugar
responses. In the stable group the variability was
relatively low whereas in the unstable group it was
excessively high. The insulins have been com-
pared in each patient on their ability to control
the extent of, or to influence the pattern of, this
variability.

3. The insulins showed no differential ability
to control the extent of the variability of blood and
urinary sugar response or, in other words, stability.
On the other hand, type of insulin did influence
the pattern of this variability, but only in the un-
stable group. The three modifications of standard
protamine zinc insulin (the 2:1 mixture, type
NPC-40 and type NPH-50) produced a nearly
level pattern in the variability in this group, i.e.,
no conspicuously high or low points. In contrast,
globin insulin with zinc gave consistently high
points in the morning and low points in the after-
noon or evening while standard protamine zinc
insulin produced consistently low points in the
morning and high points in the afternoon or even-
ing. The results indicate that clinical insulin com-
parisons without a consideration of stability may
be very misleading.

APPENDIX

Let w, x, y and z denote the four blood sugar determina-
tions for one patient on one day: then the inira-daily
variation in blood sugar for that patient and day is defined

-5 ) 61 6D

w+x+y+z=t
Let w/, x/, y’, and 2z’ be corresponding urinary sugar
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determinations: then inira-dasly variation in urinary sugar
is defined to be:

S
+(z-§) +1}.

w+x 4y +2 =t

Let t;, t2 - -+ t, and t)/, t’ - - - t,’ be the daily totals in
a “‘group” of p days for blood and urinary sugar respec-
tivgley. Then inter-daily variation in blood sugar is defined

to
. 1
log { p—1
where

where

[t= O + (e — T 4 - +(t,-m},

Tms ittt )
Inter-daily variation in urinary sugar is defined to be:
tog { gy [t — TP + (o — TP+ -
+ & =TI+ 1},

where
Tt 3%(&' +t + -+ tp)
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