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Three hundred twelve diabetic children and adolescents
were seen in our diabetic clinic and instructed to test
their capillary blood glucose (CBG) twice daily and to
use an algorithm to adjust their short-acting insulin. Of
this group, 219 youngsters had a full 3-yr period of
observation. At each clinic visit, blood was obtained for
fasting blood glucose and HbA, and, once a year,
cholesterol and triglycerides were also measured.
Patient and parent accuracy in measuring CBG was
found to be adequate. The changes over time in HbA,
were nondifferential across age and sex, and there was
no difference in the level of HbA, between age and sex
groups, the number of tests reported to have been done
by the patients, the number of injections of insulin per
day, or the serum cholesterol. There was a significant
relationship between the HbA, and the fasting blood
glucose (P < .001) measured by the laboratory as well as
with the serum triglyceride (P < .01). The failure to
improve diabetic control, despite measures that would
have been expected to do so, was believed to relate
more to a lack of compliance than to a flaw in the
therapeutic approach. It was interesting to note that the
adolescent patients in the study were in no worse
control than the younger children in the group.
Although better technical skills are available today to
manage diabetes, the psychosocial approach to patient
motivation requires improvement. Diabetes Care
11:484-88,1988

S
elf-monitoring of blood glucose (SMBG) has be-
come one of the most important tools of diabetic
therapy. Many groups have demonstrated the
efficacy of this technique in improving glycemic

control of selected insulin-dependent diabetic (IDDM)
patients treated with conventional therapy and intensi-

fied insulin administration (1-4). SMBG can be done
with reagent strips alone or with reagent strips and a
reflectance photometer. The efficacy of each technique,
the reliability and precision of the different instruments
available for that purpose, and individual patients' per-
formance and short-term glycemic control have been
reported many times over the last decade. However,
information on the long-term effects of SMBG on the
glycemic control of diabetic patients is not available.
The purpose of our study was to assess the effects of
SMBG on the long-term glycemic control of a large co-
hort of unselected young IDDM patients followed pro-
spectively for a 3-yr period.

METHODS

Subjects. Three hundred twelve patients aged 1 to 22
yr followed at our diabetes clinic were initially enrolled
in the study. Ninety-three were lost to follow-up as a
consequence of their moving out of our area (24 sub-
jects) or being transferred to adult care (69 subjects).
Thus, 219 patients are the subject of this report, and
they were followed for a total of 3 consecutive yr. At
the end of the study, the number of fingertip punctures
was measured in a subset of 86 randomly chosen pa-
tients who had recorded two to three blood glucose tests
per day in their diaries.
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Treatment. After a 4-mo initiation period, patients were
instructed to perform SMBG two to three times per day
as well as to test for urinary acetone on the first morning
urine and for urinary glucose on a second voided spec-
imen at bedtime. SMBG was to be performed at least
before breakfast and before supper and, in addition, when
the bedtime urine test was negative for glucose. The
evening snack was to be increased if the blood glucose
proved to be <120 mg/dl at bedtime. Patients were
treated with a mixture of intermediate-acting (NPH or,
less frequently, Lente) and short-acting (CZI) insulin usu-
ally from Connaught Lab, Canada. The decision to treat
with a single or twice-daily mixture of intermediate plus
short-acting insulin was based on whether the fasting
blood or urine glucose could or could not be controlled
by a single injection. Algorithms, as illustrated in the
prescription shown in the APPENDIX, were provided for
the adjustment of the short-acting insulin according to
the fasting and presupper blood or urine glucose tests.
Instructions were given not to alter the algorithms or the
dosage of the intermediate-acting insulin without first
discussing the matter with the physician or nurse. All
patients had had an initial admission at the time of di-
agnosis and received 7-10 days of intensive teaching.
Additional teaching was given as needed, during sub-
sequent hospitalizations or outpatient visits to the hos-
pital. Patients were seen every 3-4 mo or more fre-
quently when control was deemed to be unsatisfactory.

Beginning in the 2nd yr of the study, parents were
asked to calculate the means for the fasting and presup-
per blood glucose tests at the end of each page of the
diary (14 days) and to report by telephone values outside
the range of 100-150 mg/dl, which we arbitrarily es-
tablished as a safe goal. The clinic staff would then alter
the insulin prescription as needed and/or shorten the
interval between clinic visits if indicated. Failure to re-
duce the HbA, to <12% over a period of several months
resulted in readmission to the hospital for control, wher-
ever possible. After discharge, telephone follow-up was
ensured in order to further adjust the basic insulin dos-
age to fit the level of home activity.

At each clinic visit a fasting sample of blood was ob-
tained for laboratory estimation of glucose and HbA,
and the patients were asked to do a visual Chemstrip
bG on the same sample to verify their accuracy. Blood
for cholesterol and triglyceride measurement was drawn
yearly. The clinic secretary compiled the means of all
blood glucose values recorded in the patients' diaries
since the previous clinic visit, thus obtaining mean SMBG
readings for the fasting and presupper tests for periods
varying between 3 and 4 mo. The diaries were also
expected to contain information about daily insulin dos-
ages, hypoglycemia, and other events relating to con-
trol. Patients' or parents' accuracy in measuring capil-
lary blood glucose (CBG) was assessed during clinic visits
as mentioned earlier. There was a significant correlation
between the CBG measured by them and the laboratory
value obtained from the same blood sample (yr 1: r2

.76, P < .01; yr 2: r2 .78, P < .001; yr 3: r2 .80, P <

.01).
Analytic methods. SMBG was performed for the most
part with Chemstrip bG read visually. The urine was
tested with Chemstrip UG 5000K for glycosuria and ke-
tonuria. Plasma glucose was determined by a glucose
oxidase technique (Beckman glucose analyzer, Beck-
man, Fullerton, CA). Total glycosylated hemoglobin
(HbAJ was measured by agar gel electrophoresis with-
out previous hemolysis of the blood, via the Corning
method as previously described (5). The mean (± SD)
HbA! in nondiabetic children in our institution at the
time was 6.8 ± 1.02% (range 5-10.5%). Only three of
our patients were known to have "abnormal" hemoglo-
bin; their HbA, values were corrected for this factor.
Statistical analysis. Standard summary statistics, such
as means and standard deviations, were used to describe
the distributions of the patient characteristics. Repeated
measures analysis of covariance was used to evaluate
the effect of the covariance under study (age, sex, mon-
itoring score, number of injections per day, and labo-
ratory fasting blood glucose, cholesterol, and triglycer-
ide) on the degree of control, as measured by HDAT over
time. The monitoring score refers to the frequency and
the type (urine or blood) of self-monitoring as recorded
in the patient's diary. A score of 1 refers to the absence
of any recorded tests, a score of 2 refers to patients
recording both urine and blood tests but showing <14
blood glucose tests requested per week, and a score of
3 was given to patients recording >14 blood glucose
tests per week with or without additional urine tests. All
analyses were conducted with BMDP statistical software
(6).

RESULTS

Table 1 describes the demographic and clinical char-
acteristics at entry into the study. Table 2 shows the
mean ± SD HbA, values throughout the 3-yr period.
There was a highly significant increase in HbA, from yr

TABLE 1
Demographic and clinical characteristics at entry into
study

Sex (% female)
Age

<12 yr (%)
12-16 yr (%)
>16 yr(%)
Mean ± SD

Mean duration of IDDM (yr)
Mean monitoring score
Mean injections per day (n)
Mean HbA, at entry (%)

219
47.5

39.7
38.4
21.9
12.6 ± 5.2
5.0 ± 3.9
2.3 ± 0.5
1.3 ± 0.5

11.4 ± 2.1

Means are presented ±SD.
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TABLE 2
Mean HbA, values over time by age, sex, and year of study

Year 1 Year 2 Year 3

Females
<12 yr
12-16 yr
>16 yr
Total

Males
<12 yr
12-16 yr
>16 yr
Total

Mean ± SD

44
41
19

104

43
43
29

115
219

11.4 ± 1.5
11.8 ± 2.3
11.5 ± 2.8
11.6 ± 2.1

11.1 ± 1.4
11.3 ± 1.7
11.2 ± 1.4
11.2 ± 1.5
11.4 ± 1.8

12.0 ± 1.5
12.6 ± 2.2
12.1 ± 2.3
12.2 ± 1.1

12.2 ± 1.6
12.1 ± 1.7
11.6 ± 1.5
12.0 ± 1.6
12.1 ± 1.8

11.8 ± 1.5
12.1 ± 1.7
11.6 ± 2.3
11.9 ± 1.8

12.1 ± 1.6
11.6 ± 1.6
11.8 ± 1.8
11.8 ± 1.7
11.8 ± 1.7

Values are means ± SD.

1 to yr 2 (11.4 ± 1.8 vs. 12.1 ± 1.7%; P < .001)
but a significant decrease in HbA, from yr 2 to yr 3
(12.1 ± 1.8 vs. 11.8 ± 1.7%, P < .006). These changes
over time in HbA, were nondifferential across age and
sex as indicated by nonsignificant interactions. In ad-
dition there was no difference in the level of HbA, be-
tween age and sex groups, monitoring score, number of
injections per day, or level of serum cholesterol. In con-
trast, fasting blood glucose measured by the laboratory
on clinic visits were significantly related (P < .001) to
HbA, as was the serum triglyceride concentration (P <
.01).

During the 3 yr of this survey the patients continued
their normal life-styles, participating in age-related ac-
tivities in their communities. Hospitalization statistics
for the entire 3-yr period were as follows: 100 hospi-
talizations for improvement of control and psychosocial
factors, 15 admissions for severe hypoglycemia (6 in yr
1, 4 in yr 2, and 5 in yr 3); 12 admissions for ketoaci-
dosis, and 74 admissions for reasons unrelated to dia-
betes.

Of the 86 patients in whom there was a systematic
examination of the hands for evidence of fingertip punc-
tures, 23% had no evidence whatsoever of stab marks
and their mean HbA, was 13.8 ± 1.7%; 23% had <10
marks (HbA, 12.4 ± 2.7%) and the remaining 54% had
>10 punctures (HbA, 10.7 ± 1.5%). The difference be-
tween the groups was statistically significant (<.05).
Eighty-eight percent of the children <12 yr of age had
>10 finger punctures, whereas among the children >12
yr of age, only 46% had >10 finger punctures.

Of the 99 patients who dropped out of the study, we
were able to contact 56. They were asked to provide as
many HbA, results as they could give us. The group as
a whole registered a mean HbA, value of 11.7 ± 2.3%
on values ranging from 1 to 3 per patient during the
time our study was in progress. The patients also re-
ported the following major diabetes-related health
events: pregnancy with loss of the fetus (1); diabetic

ketoacidosis (4); admission for control (1); pyelonephri-
tis (1); severe hypoglycemia resulting in a fall and sub-
sequent paraplegia (1); background retinopathy (4); ne-
phropathy and proliferative retinopathy (1).

DISCUSSION

S
MBG has gained widespread acceptance and has
proven feasible (7) in the childhood population
with IDDM. It provides much more useful in-
formation than urine testing and would be ex-

pected to help insulin adjustment and thereby improve
metabolic control. Experience with selected groups of
patients on intensified insulin schedules based on reg-
ular blood glucose monitoring has shown impressive
improvement in metabolic control as measured by HbA,
(1-4).

Reports on the effects of SMBG done in conjunction
with conventional insulin regimens (1 or 2 injections/
day) have shown variable results (7-10). Our 3-yr study
shows a slight overall worsening of control in the 1 st yr,
a slight improvement in the second, but no statistically
significant change over the entire period.

Interestingly there was no difference in glycemic con-
trol between the sexes and different age groups. In par-
ticular, contrary to other reports (11), we found our ad-
olescents to be in no worse control than other age groups.
We believe that this reflects our practice to give as much
insulin as is required to achieve reasonable control (the
dosage being well above 1 U/kg during the growth spurt)
and to avoid underinsulinization, a factor described to
be responsible for poor control in adolescents (12,13).

The only significant correlations with HbA, were the
fasting blood glucose levels measured by our laboratory
at the time of clinic visits and the serum triglyceride
concentration. The monitoring score and number of in-
sulin injections per day would have been expected to
correlate with HbA,, but did not; the reasons are un-
clear. Our patients' technical skill in performing SMBG
was adequate and others have had similar experience
in this age group (14). However, we frequently noticed
diaries that appeared to have been produced at the last
moment before the clinic visit and whose results, as
expressed by the mean CBG for the morning and supper
tests, did not reflect the HbA, concentrations found at
the clinic visit. Interestingly there was a correlation be-
tween mean HbA, and finger-prick marks.

We feel that the lack of improvement in glycemic
control observed in our study relates more to the failure
to perform SMBG in a consistent fashion or at all than
to any inherent deficiency of SMBG. Other studies in
similar clinic populations, albeit shorter in duration and
smaller in sample size, have shown a lack of significant
statistical or clinical difference in glycemic control be-
tween patients performing SMBG versus patients per-
forming urine tests (8,15), or between patients perform-
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ing SMBG coupled with intensive education versus
patients receiving intensive education alone (9). Wing
etal. (16) assessed compliance with SMBG using an 11-
item questionnaire and reported that, in the month pre-
vious to the study, 26% of the patients indicated that
they had been testing ^3 times/day, 37% had been
testing 1-2 times/day, and the rest had tested infre-
quently or never. Their findings are in agreement with
our objective evidence that overall compliance with
SMBG is adequate in —50% of the young diabetic pop-
ulation studied. We agree with their conclusion that
teaching patients how and when to monitor their blood
glucose level is not sufficient to improve glycemic con-
trol. In a study done in adult patients using reflectance
meters with memory chips, Mazze et al. (10) showed
that noncompliance with SMBG was relatively high and
that the pattern of noncompliance consisted of adding
fabricated test scores to the logbook and omitting or
lowering actual test values. When patients were made
aware of the memory capability of the reflectance me-
ters, overreporting and underreporting decreased and
reliability and precision increased but without any sig-
nificant changes in the mean blood glucose concentra-
tion. The authors concluded that steps to improve gly-
cemic control need to link the positive behavior fostered
by the modified reflectance meters with appropriate be-
havior regarding insulin administration and dietary reg-
ulation.

There are several possible reasons for the failure of
SMBG to improve HbA, in our study. We have objective
evidence (as assessed by finger punctures) that only 50%
of this subset of patients was strictly adhering to frequent
SMBG. In fact we were able to demonstrate, at least in
a small number of patients, that glycemic control was
significantly better in the group of children who had
objective evidence of SMBG (>10 finger punctures). We
also observed from the diaries that despite advice to
contact us when persistent hyperglycemia was noted,
many patients failed to do so. Thus, long delays ensued
and hyperglycemia was maintained until the next clinic
visit, several weeks or months later. It may also be that
twice- to thrice-daily SMBG is insufficient, and that our
treatment objectives (means of 100-150 mg/dl) were
not sufficiently stringent. Changes in the other compo-
nents of diabetic therapy, such as mode of insulin
administration and diet regulation might not have been
implemented as often as test results dictated. Finally,
the efficacy of insulin administration used in conven-
tional therapy (1-2 injections/day) may not be sufficient
to substantially improve glycemic control in a large
number of patients even if all components of the treat-
ment in addition to SMBG are carefully adhered to.

We agree with Davidson (1 7) that it would be unfor-
tunate if this and other studies led to the conclusion that
SMBG was of no benefit. During the course of this study
numerous other advantages emerged from the use of
SMBG that should encourage its regular use. SMBG gives
the patients and their families a sense of security during

intercurrent illnesses when glycemic control is more dif-
ficult to achieve; it also establishes or disproves the pres-
ence of hypoglycemia when patients are symptomatic
or in danger of hypoglycemia after exercise or during
sleep. In addition, although the study group showed no
change over the years, our overall clinic admission sta-
tistics showed that, toward the end of the study, there
was a decrease in the number of admissions for diabetic
ketoacidosis, severe hypoglycemia, and intercurrent ill-
nesses.

Before making the statement that SMBG is of no ben-
efit, we must address the issue of adherence to the pre-
scribed regimen. We believe noncompliance to be the
most important hurdle in the way of achieving good
glycemic control. The problem in any study of the fac-
tors that interfere with or improve adherence is the dif-
ficulty of assessing adherence behavior itself (18). Ver-
bal self-reports (19), clinician ratings (20), and home
observations (21) have shown limited value in the mea-
surement of adherence for reasons of patient denial and
physician bias. In addition to adherence, other variables
such as emotional factors and stress may affect glucose
control. For children with IDDM, adherence usually re-
quires once- or twice-daily insulin injections, multiple
urine or blood glucose testing, consistent day-to-day ca-
loric intake with particular attention to fixed carbohy-
drate: fat: protein ratios, strictly spaced meals, the im-
plementation of insulin and dietary changes for exercise,
intercurrent illnesses, and response to hypoglycemic ep-
isodes. It stands to reason that the complexity of the
treatment regimen is one of the main factors associated
with poor compliance (19) and that adherence to one
aspect of the treatment is generally not strongly related
to adherence to other aspects (22).

We have ever better technical means to aid patients
in managing their insulin adjustment, but we have not
achieved the same ability to motivate them to perform
what is necessary to improve glycemic control. A clear
communication of the objectives expected by the phy-
sician and careful attention to education that takes into
account individual health beliefs, capabilities, and lim-
itations are essential first steps. Psychological factors that
may interfere with adherence also must be taken into
consideration, and in individual cases, psychological
counseling may result in improved behavior.

In conclusion, this study suggests that although SMBG
is an important adjunct to the treatment of diabetes mel-
litus, simple teaching and a physician's recommenda-
tion to use it are not sufficient to improve glycemic con-
trol. Appropriate interpretation of the SMBG results with
consistent implementation of insulin dose and dietary
changes are essential. Further studies are needed to
evaluate the relative importance of each of the aspects
involved in the implementation of SMBG in order to
establish its efficacy in the long-term glycemic control
of diabetic patients treated with conventional insulin
therapy. Until a cure for diabetes becomes available
through fundamentally new medical and/or technolog-
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ical advances, SMBG properly done and properly acted
on remains in our opinion a valuable tool in the man-
agement of IDDM.
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APPENDIX

Example of a prescription for a single dose of NPH
and an algorithm for CZI:

Breakfast
30 U of intermediate-acting insulin (NPH) every day.

(Do not change dosage without discussion with
nurse or doctor.)

And a sliding scale of short-acting insulin (CZI) ac-
cording to test:

4 U for blood glucose ^80 mg/dl (or negative ur-
ine)

6 U for blood glucose between 80 and 120 mg/dl
(urine trace)

8 U for blood glucose between 120 and 180 mg/
dl (urine 1%)

8 U for blood glucose between 180 and 240 mg/
dl (urine 2%)

10 U for blood glucose >240 mg/dl (urine 3-5%)
Supper

0 U of intermediate-acting insulin (NPH) every day.
(Do not change dosage without discussing with
nurse or doctor.)

And a sliding scale of short-acting insulin (CZI) ac-
cording to test:

0 U for blood glucose <80 mg/dl (or neg. urine)
0 U for blood glucose between 80 and 120 mg/dl

(urine trace)
2 U for blood glucose between 120 and 180

mg/dl (urine 1%)
3 U for blood glucose between 180 and 120

mg/dl (urine 2%)
4 U for blood glucose >240 mg/dl (urine 3-5%)
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