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Rlasma Lipid Levels in
Insulin-Dependent Diabetes Mellitus
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Because several recent reports have indicated a high incidence of hyperlipidemia in insulin-dependent
juvenile diabetes, the plasma lipid levels were measured in a population of insulin-dependent diabetic
patients to determine if hyperlipidemia is necessarily associated with diabetes. Only one patient had an
elevated cholesterol concentration (>220 mg. per deciliter) and two patients had an elevated triglyceride
concentration (> 140 mg. per deciliter), giving an incidence of 6.4 per cent. A normal control group had
an incidence of hyperlipidemia of 5.7 per cent. The mean cholesterol level (164 ± 38 mg. per deciliter) of
the diabetic population was significantly less than that of the normal control group (183 ± 38 mg. per
deciliter). The diabetic patients were divided into groups on the basis of 24-hour urinary glucose excretion
and records of glycosuria. The serum triglyceride of the patients in group 4 (highest urinary glucose
content and spills) was significantly elevated above three other groups with less glucosuria. Dietary history
revealed that group 4 patients consumed a significantly higher percentage of fat. Cholesterol levels did
not correlate with parameters of regulation of the diabetes, DIABETES CARE2- 31-34, JANUARY-FEBRUARY 1979.

One of the complications of juvenile-onset diabetes
mellitus is an increased incidence of premature
atherosclerotic cardiovascular disease. Recently,
it was reported that about 50 per cent of juvenile

diabetics in "good" control had hyperlipidemia as defined by
either increased serum cholesterol, increased trigiyceride
levels, or both.1 This high incidence is alarming since
hypercholesterolemia and hypertriglyceridemia are thought
to be prominent risk factors in the development of athero-
sclerosis. The results also are contrary to earlier results of
other investigators.2

The present study was undertaken to determine if insulin-
dependent patients on a different management regimen also
have a high incidence of hyperlipidemia and to determine if
control of the diabetes can be correlated with serum lipid
levels.

PATIENTS AND METHODS

All insulin-dependent patients (47) followed in the
Pediatric Diabetes Clinic as of January 1977 were included in
the study. The age range was IVi to 19V4 years. All patients

had diabetes at least one year. The regimen3 for each patient
included: (1) a prescribed caloric intake (60 to 70 cal. per
kilogram per day for prepubertal children and 30 to 40 cal. per
kilogram per day for postpubertal adolescents) in a three-meal,
three-snacks distribution; (2) 40, 40, and 20 per cent of the
calories prescribed as carbohydrate, fat, and protein, respec-
tively; (3) two injections of insulin a day using an NPH-
Regular mixture.

The prepubertal children exhibited normal growth
patterns, and the weights of the postpubertal patients were
stable during the course of the study.

Blood for cholesterol, triglyceride, and serum glucose
determinations was drawn before each patient's morning dose
of insulin and breakfast. Blood for cholesterol and triglyceride
was immediately centrifuged for 20 minutes, and the plasma was
decanted and frozen. Triglyceride was determined by a micro-
method (Azarnoff4). Cholesterol was determined by Auto-
Analyzer method 24-A. Upper limits of normal cholesterol
and triglyceride concentrations were defined as 220 and 140
mg. per deciliter, respectively.5 The mean cholesterol and
triglyceride levels of a "normal" control group of 341 school
age children (grades K through 6) were }83 ± 26 and
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56 ± 38 mg. per deciliter, respectively, for our laboratory.
The prevalence of hyperlipidemia in this control population
was 5.7 per cent.

A 24-hour urine for quantitative glucose was collected by
all children the day before being seen. Adequacy of the
collection was based on the creatinine content of the urine:
20 to 26 mg. per kilogram per 24 hours for boys and 14 to 22
mg. per kilogram per 24 hours for girls. Each patient also
provided a record of the two-drop Clinitest determinations
performed on first voided urines obtained before each meal
and at bedtirhe for the two-month period before the clinic
visit. Blood and urine glucose was determined by the glucose
oxidase method.6 The number of calories lost in the urine
per 24 hours was determined by multiplying the quantitative
24-hour glucose excretion by the caloric equivalent of
glucose.

Dietary intake was determined from detailed dietary records
for the seven days prior to the clinic visit. In addition, a food
frequency questionnaire (Missouri Dietary History Form,
M. B. Kohrs) was administered by our dietitian at the time of
the clinic visit. The daily caloric intake and calorie distribu-
tion were determined from the records and recall testing.
Per cent calories lost in the urine per day was calculated
and expressed as per cent of total caloric intake.

A rating system was devised, arbitrarily placing the patients
into four regulation groups on the basis of 24-hour calorie
content of the urine and per cent of urines positive for
glucose (table 1). These criteria were chosen since Service,
et al.7 have demonstrated that there is a significant correlation
between the blood glucose and urinary glucose concentrations
during any period of observation. We have recently demon-
strated excellent correlation (r = 0.76) between semiquanti-
tative urine glucose spills over a three-month period and
hemoglobin Alc levels (unpublished data). Any positive urine
test was given equal weight in the rating system. Points of
2, 1, 0, —1, and —2 were given for urine records that were

TABLE 1
Characteristics of the diabetic regulation groups

positive for glucose <25, 26 to 50, 51 to 100, 100 per cent, or
100 per cent glucose with acetone, respectively. Points of
2, 1, 0, and —1 were given for 24-hour quantitative urine
glucose values that contained <3, 4 to 7, 8 to 15, or >15 per
cent of total daily caloric intake. These points given for urine
records and quantitative urine were summed to yield the score
used in rating. Rating by total points into groups was as
follows: ( 1 ) 4 points, group 1; (2) 2-3 points, group 2;
(3) 0-1 point, group 3; (4) <0 points, group 4- The number
of patients judged to be in groups 1,2,3, and 4 was 7, 14, 7,
and 5, respectively. Fourteen of the patients were excluded
from the control rating because of inability to provide
adequate urine collection, diet history, or test records.
Obviously, group 1 represents the best control and group 4
the worst.

Two patients in group 4 had symptoms of polydipsia and
polyuria. Hospitalization in the past six months included:
one patient in group 1 for severe gastroenteritis; one patient
in group 4 for ketoacidosis; and one patient in group 3 for
desensitization of systemic insulin allergy.

RESULTS

Mean (±S.D.) plasma cholesterol for the popula-
tion (47 patients) was 164 ± 38 mg. per
deciliter, with only one value exceeding 220
mg. per deciliter, which was 234 mg. per

deciliter. Seven patients had values between 190 and 210
mg. per deciliter, while the remainder were <190 mg. per
deciliter. Mean cholesterol of the diabetic group was
significantly less than that of the control group (183 ± 26
mg. per deciliter). Mean (±S.D.) plasma triglyceride for the
diabetic group was 55 ± 33 mg. per deciliter, with no
subject having a triglyceride level greater than 180 mg. per
deciliter and only two exceeding 140 mg. per deciliter. Mean

Regulation
group2

1 (n = 7)

2 (n = 14)

3 (n = 7)

4 (n = 5)

Duration of
diabetes

(yr.)

4.7 ± 2.41

4.7 ± 2.0

4.6 ± 3.3

6.4 ± 3.2

Age
(yr.)

10.1 ± 4.4

10.3 ± 4.9

13.6 ± 1.6
( P < 0.05)

17.0 ± 2.1

Fasting serum
sugar

(mg./di.)

I l l ± 43
(P < 0.05)

193 ± 64
(P < 0.05)

257 ± 58

228 ± 36

Male/female
No./No.

4/3

8/6

3/4

2/3

Per cent of
ideal body wt.

(%)

108 ± 16

103 ± 14

109 ± 11

100 ± 19

Insulin dosage
(U./kg.)

0.8 ± 0.6

0.9 ± 0.4

1.1 ± 0.5

0.9 ± 0.3

1 Mean ± S.D.
2 Fourteen patients were excluded from analysis because of inadequate urine collections or lack of urine or diet records.
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TABLE 2
Cholesterol and triglyceride levels in the diabetic regulation groups

Calories in Mean3 urine
Regulation Cholesterol Triglyceride urine glucose

group2 (mg./dl.) (mg./dl.) (%) (%)

1

2

3

4

(n = 7)

(n = 14)

(n = 7)

(n = 5)

164 ± 12'

165 ± 21

161 ± 18
(P < 0.05)4

182 ± 14

42 ± 1.6

46 ± 23

51 ± 18
(P < 0.05)''

74 ± 24

0.

(P

3.

(P

9.
(P

13.

5 ± 0.3
< 0.05)5

7 ± 0.8
< 0.05)5

8 ± 2.0
< 0.05)'1

2 ± 3.9

0.11 ± 0 . 1 4
(P < 0.05)5

0.9 ± 0.6

0.7 ± 0.3
(P < 0.05)4

3.6 ± 1.5

' Mean ± S.D.
2 One patient excluded only hecause of an inadequate urine collection
based on creatinine excretion had n cholesterol of 234 mg. per deciliter
and triglyceride of 111 mg. per deciliter. This patient would likely have
heen in group 4 since the urinary glucose represented 11.3 per cent of
total caloric intake with a urinary creatinine of 10.5 mg. per kilogram.
'' Represents the mean urinary glucose determination obtained hy averaging
the two-drop Clinitest results in terms of per cent glucose for one week
prior to the clinic visit.
4 The difference between group 4 and the groups 1, 2, and 3 is statistically
significant with P < 0.05.
5 The difference between groups 1 and 2 and between groups 2 and 3 is
statistically significant with P < 0.05.

triglyceride of the diabetic group was not significantly
different than the control group (56 ± 38 mg. per deciliter).

For purpose of analysis the patients were divided into
groups based on the rating explained above. Fourteen patients
(ages 8 to 14 years) were excluded from the rating because
they did not complete the study. Mean plasma cholesterol of
this excluded group was 164 ± 38 mg. per deciliter (range
101 to 234), with one patient having a value above 220 mg.
per deciliter. Mean triglyceride concentration of the excluded

TABLE 3
Characteristics of the diet in the diabetic regulation groups

patients was 73 ± 42 mg. per deciliter (range 23 to 152),
with one patient having a value above 140 mg. per deciliter.
For the patients in whom a rating could be established,
clinical parameters are presented in table 1.

The mean cholesterol and triglyceride concentrations of
the different groups were compared. There was a statistically
significant difference between lipid concentrations of group 4
vs. the other groups (table 2). The diabetic (male) subject with
elevated triglyceride was rated to be in group 4.

Mean urine glucose obtained by averaging the Clinitest
results for seven days before the clinic visit was calculated
for each group for purpose of comparison with the data of
Chase and Glasgow.1 Although the mean urine glucose of
group 4 (3.6 per cent) was significantly greater than the
other control groups (table 2), this value was not helpful in
discriminating between groups.

The effect of diet on the lipid levels was evaluated from
analysis of the composition of the diets of the different groups
(table 3). Significant differences in the relative contribution
of protein and fat to the diet were evident between group 4
and the other groups. The combined average per cent of
protein, fat, and carbohydrate in the diet of groups 1,2, and
3 was 17.5, 40, and 43 per cent, respectively, while group 4
was characterized by relatively less protein (15.9 per cent)
and more fat (45.6 per cent). Cholesterol intake in group 4
also tended to be higher than in other groups, as might be
expected in higher fat diets. There was no correlation
between the various dietary parameters and lipid levels by
linear regression analysis.

DISCUSSION

The prevalence of hyperlipidemia in insulin-dependent
juvenile diabetes has been reported variously between 20 and
56 per cent,1'8 while others have found no significant eleva-
tions. Hyperlipidemia is of concern because a major com-
plication of diabetes is premature vascular disease,9'10 and
attempts should be made to eliminate hyperlipidemia. In this
study, there was only one patient with elevated cholesterol

Regulation
group

1

2

3

4

Excess caloric
intake

(% of prescribed)

108 ± 15

125 ± 30

119 ± 39

124 ± 54

' The difference between group 4

Caloric
(cal

2020 ±

2455 ±

1974 ±

2765 ±

intake

• • )

582

1343

: 276

: 1114

and the other groups i:

Protein

18

17

18

( P <

16

± 3

± 2

± 1
0.05)

± 2

Caloric distribution

Fat

39

42

40
• ( P <

46

s statistically significant
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± 6

± 5

± 5
0.05)'

± 5

with P

Carbohydrate

44 ±

42 ±

43 ±

39 ±

< 0.05.

9

4

5

5
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Excess carbohydrate
(cal.) (cal./kg.

180

278

144

108

± 208

± 343

± 296

± 474

9.4 ±

7.1 ±

2.4 ±

2.2 ±

1.

6.

5

9.

6

6

.7

.3

Cholesterol
intake

(mg./day)

455 ± 216

426 ± 278

379 ± 178
(P < 0.05)'

520 ± 323
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and two patients with elevated triglyceride, giving a total
prevalence of 6.4 per cent consistent with an earlier study2

and with a normal control group, but clearly below the 20 to
56 per cent prevalence reported in other diabetic
populations.1'8

Comparing this study to those that report a high prevalence
of hyperlipidemia is difficult due to lack of standardized
procedures, lack of information, and lack of adequate
parameters of diabetic regulation; however, several aspects
can be compared that may be informative. The mean urine
glucose value used by Chase and Glasgow1 to assess diabetic
control was 2 - 3 + (4+ equals 2 per cent reducing substance)
as assessed by a five-drop Clinitest on a urine sample (first or
second voided specified) three to four times per day. The
comparable values for this diabetic population were between
0.11 and 3.6 per cent as assessed by a two-drop Clinitest on a
first voided urine sample. Even though the five-drop Clinitest
would tend to underestimate mean urine glucose when com-
pared with a two-drop test, the diabetic control of our groups
2 and 3 appears comparable to at least some of the patients
of Chase and Glasgow1 with hyperlipidemia. Since the pa-
tients in each series were growing normally, we may
assume that adequate insulin and calories were available to
insure normal growth. The patients of this series were
receiving two injections of insulin daily compared with a
single daily injection by the patients reported by Chase and
Glasgow.1 This may be one possible important difference
between the groups. Another possible difference between the
two studies was diet. The patients in our study were on diets
restricted in simple sugars and calculated to provide a set
proportion of calories as fat, protein, and carbohydrate in
contrast to the patients in the Colorado study who were
instructed to eat balanced and nutritious, but unrestricted,
diets. Unfortunately, additional dietary information is not
available for comparison.

Achievement of normal lipid levels in insulin-dependent
diabetes seems not only reasonable but also possible,
presumably through satisfactory management of the disease
achieved by proper balance of caloric intake and insulin.

Therapeutic dietary modification and pharmacologic therapy
should be reserved for those individuals with genetic hyper-
lipoproteinemia or hyperlipidemia that persists after several
months of optimal diabetic management.
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