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Abstract

Background:
Insulin treated diabetic patients often do not adjust their insulin doses. We developed a method to provide a 
quantitative and qualitative assessment of this behavior.

Methods:
Fourteen patients provided logbook pages of their self-monitoring of blood glucose (SMBG) data and insulin doses.  
We compared the actual decisions of patients in real-life to what they would decide on the same SMBG, as an a 
posteriori exercise. We also compared these decisions and those proposed by 6 diabetologists on the same sets 
of data to the recommendations made by HumaLink, an automated insulin dosage system.

Results:
1) Patients in real-life modified their insulin doses least often. However, given a chance to make these decisions 
a posteriori, they modified their insulin doses more often. HumaLink proposed changes even more often, and 
diabetologists were the most aggressive in changing insulin doses. 2) The decisions proposed by the patients in  
real-life or a posteriori and by the diabetologists were compared to the recommendations made by HumaLink, 
using a decisions analysis grid (DAG). For these three groups, full disagreement with HumaLink (patient 
or physician increases while HumaLink decreases and the opposite) was observed for less than 5% of the cases.  
3) By comparison to HumaLink, patient decisions seemed guided by the desire to avoid hypoglycemia.  
By contrast, decisions by diabetologists seemed often to be guided by the desire to avoid hyperglycemia. 

Conclusion:
These methods provide an objective evaluation of insulin dose adjustments by patients with diabetes and may 
be useful to assess the effectiveness of educational programs.
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Introduction

Independent insulin dose adjustment by diabetic 
patients on the basis of self-monitoring of blood glucose 
(SMBG) could represent an important tool in insulin 
therapy. To these ends, in the DCCT study, patients in the 
intensive group were asked to have monthly contact with 
the medical team and weekly phone contact with the nurse 
to discuss glycemic results and receive decision support in 
regards to insulin dose adjustment.1 However, these ideal 
conditions are not currently met in the daily life of insulin 
treated diabetic patients. Even if they do monitor blood 
glucose (BG) at the recommended frequency, they often 
do not adjust their insulin doses.2,3  This may explain in 
part the etiology of the poor diabetic control prevailing 
in a number of patients. Avoiding dose adjustment while 
SMBG is high may be due to a lack of technical knowledge 
concerning insulin dose adjustment. However, this is 
unlikely, since clinical experience indicates that pregnant 
diabetic women start adjusting their insulin doses, often 
without any need for additional instruction. In a recent study, 
the lack of insulin adjustment was shown due to two main 
factors, a fear of hypoglycemia and a fear of weight gain.4 

The aim of this study was to design a method to objectively 
evaluate insulin dose adjustments by insulin treated, 
diabetic patients. First, we compared their actual decisions  
in real-life to what they would decide if they were given  
the chance, on the same SMBG data, to decide merely as 
a theoretical exercise. We also assessed proposals made by 
diabetologists on the same sets of data. Secondly, in order  
to provide a qualitative assessment of these decisions, we 
compared these decisions to the recommendations which 
would be proposed by an automated system, HumaLink5,6,7 
designed to follow standard, clinical algorithms for insulin 
dose adjustment.

Subjects and Methods

Subjects
To be eligible, patients had to be treated with a basal-bolus 
insulin regimen using glargine (Lantus®) and either Lispro 
(Humalog®) or Aspart (Novorapid®) ultrarapid insulin, 
had to measure blood glucose at least four times per day,  
and had to have a diabetes duration of more than one year. 
They were treated by the same diabetologist (GR), and had 
received a standard educational program. More specifically, 
when glargine was introduced in their treatment in 2003, 
they were provided with a one-page form describing rules 
for insulin dose adjustment in a basal-bolus insulin regimen, 
indicating that the glargine dose had to be determined on 

the basis of the fasting blood glucose value, and that the 
ultrarapid insulin dose had to be decided on the basis 
of both the pre-prandial and postprandial blood glucose 
values. Since the study consisted only in a retrospective 
analysis of logbooks, without any potential consequence 
on the patient health, this study was not submitted for 
Institutional Review Board (IRB) approval. Furthermore,  
the patients were not informed before the study that  
their logbooks would be investigated, ruling out an effect  
of the study on their behavior. 

Fourteen type 1 diabetic patients, 6 female and 8 male, 
participated in this study. The mean ± SD age was 32.8 ± 
7.9 years and the duration of diabetes was 19.4 ± 6.7 years. 
The HbA1c (glycated hemoglobin) was 7.4 ± 0.9%.  
No one patient had experienced severe hypoglycemia 
within the year preceding the study and no one  
presented with severe diabetes complications.

Study design
Patients agreed to send us copies of at least 6 pages of their 
logbook, each page recording 5 consecutive days of data 
with at least 4 SMBG measurements per day and the doses 
of insulin injected, before each meal (ultrarapid insulin) 
and at bedtime (glargine). From each of these pages, we 
generated a spreadsheet file including SMBG target, which 
was 100 mg/dl for all patients before meals, and 120 mg/dl 
at bedtime for all patients; the insulin doses considered by 
the patient as optimal to reach these targets; the real SMBG 
values recorded in the logbook; and hypoglycemic episodes,  
if any. The resulting 86 sheets, which were anonymized, were 
actually identical to the pages of the logbook, except that 
the doses of insulin actually administered had been masked.

We sent back these 86 masked pages to each of the diabetic 
patients, asking them, as an exercise, to propose insulin 
doses for all 86 files. The pages were also presented 
to 6 diabetologists working in the same department, 
who proposed an insulin dose for each of the 1690 BG 
measurements. Finally, the data were processed by 
HumaLink, which similarly proposed recommendations.

HumaLinkTM

HumaLink is a central, shared resource (Diabetes Data Center 
hosted by BCMC Better Control Medical Computers, Inc., 
Hollywood, FL). It can offer computer assisted decision 
support, including algorithms for insulin dose adjustment. 
The HumaLink algorithms8,9 are customizable. These can be 
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individually programmed by the physician for each  
particular patient. Programming requires physicians to 
specify (1) four pre-meal targets, (2) a glucose sensitivity 
factor and, (3) maxima for each prescribed type of insulin 
dose. Instructions in the event of diabetes glucose extremes 
are standardized (hyperglycemia or hypoglycemia). 
HumaLink is accessible via the Web or the keypad of any 
touch-tone telephone. In the present study, SMBG values 
were entered retrospectively by direct access to the 
computer program.

Data analysis 
In order to provide a quantitative description, insulin 
adjustments were simply categorized into “no change” 
[0], “increase” [+] or “decrease” [-], vs. the amount of 
insulin that had been chosen by the patient to be optimal 
to reach the target. This first part of the analysis made 
it possible to determine the respective percentages of 
decisions corresponding to these three categories (made 
by the patients in real-life, the patients a posteriori as 
a theoretical exercise, and the diabetologists), and by 
HumaLink. Comparisons of the respective percentages 
of decisions were done using the chi-squared test, and 
pairwise comparisons were also performed in order to 
assess the difference between pairs of groups. To take 
into account the multiplicity of the tests, we applied the 
Bonferonni correction to the test levels.

In addition, we used the recommendations made by 
HumaLink in order to evaluate in a normative way the 
decisions made by the patients (in real-life or a posteriori) 
and by the diabetologists. For that, we designed a simple 
DAG comparing these decisions to those made, for the 
same situations, by HumaLink (Figure 1). The diagonal 
of the DAG indicates full agreement between the patient 
or the diabetologist and HumaLink (A1, A2, A3), the 
top right (C1), and bottom left corners (C2) indicate full 
disagreement, and the other cells can be referred to as  
neutral (B1, B2, B3, B4). Two-sided Student’s tests were 
used to analyse the data of the DAG observed in the  
diabetic patients (in real-life and a posteriori) and in the 
diabetologists. To take into account the heterogeneity of 
the variances induced by the difference of the size of the 
populations, we used the Satterthwaite approximation 
to compute the degrees of freedom. HbA1c testing 
corresponding to the period of the study, was determined 
by a HPLC method certified to be conform to the DCCT 
standards. 
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Figure 1: Decision Analysis Grid : [+]=increase, [0]=no change and  
[-]=decrease insulin dose vs. the insulin dose considered by the patient to 
be optimal to reach the target. Cells A1, A2, A3 indicate full agreement 
([++], [00], [--]); cells C1, C2 indicate full disagreement ([+-], [-+]);  
cells B1, B2, B3, B4 are referred as neutral ([+0], [0+], [0-], [-0]).

Results
Figure 2 represents the distributions of the three kinds of 
decisions (no change [0], increase [+], or decrease [-]) made 
by patients in real-life, patients a posteriori, HumaLink 
and diabetologists, respectively. Patients in real-life were 
found to modify their insulin doses least often (only 30% 
of decisions to [+] or [-] changes). However, given a 
chance to make these decisions a posteriori, they changed 
doses more often (45%). HumaLink proposed changes 
even more often (49%), but diabetologists were most 
aggressive in the rate of changing insulin doses (62%).  
The chi-squared test comparing the distributions of 
decisions in the four groups was significant (test=1081, 
df=6, p < 0.00001). Paired comparisons were also performed  
in order to assess the difference between patients in real- 
life, patients a posteriori, HumaLink and diabetologist. 
These comparisons were all significant (p < 0.00001).

Figure 2: Distribution of the decisions made by the 14 patients in  
real-life, the 14 patients a posteriori, HumaLink and the 6 diabetologists, 
as a no-change, an increase or a decrease of the insulin doses. All paired 
comparisons are highly significant (p < 0.00001). Data are presented as 
means. Numbers inside the boxes refer to the percentages of change.
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Figure 3 compares the decisions proposed by the 
diabetologists, the patients a posteriori, and the patients in 
real-life to the recommendations made by HumaLink, using 
the DAG shown on Figure 1. Both for diabetologists, 
patients a posteriori and in real-life, full disagreement 
with HumaLink was observed for less than 5% of the 
decisions. Agreement was observed for approximately 
60% of the cases, the lowest case being for the patients  
in real-life. More precisely, for decisions made by the 6 
diabetologists, the range of disagreement was 2.4% to 
6.2% of the decisions, with only one diabetologist having  
a score of full disagreement higher than 5%. The range  
of full agreement was 56.9% to 70.2%. For the 14 patients 
a posteriori, the range of full disagreement was 1.4% to 
4.6% of the decisions, and the range of full agreement 
was 48.9% to 72.1% with only one patient having a  
score below 60%. For the 14 patients in real-life, the  
range of full disagreement and full agreement were larger, 
being 0 to 7.3%, and 41.0% to 77.5%, respectively.

Figure 3: Categorization of the percentages of insulin dose decisions 
into full agreement, neutral, full disagreement, according to the Decision 
Analysis Grid. Data are presented as mean and SD. For the comparison 
between the decisions made by HumaLink on one hand, and the 
diabetologists or the patients a posteriori on the other hand, the SD bar 
represents the variability of the data observed when considering the  
6 diabetologists or the 14 patients, respectively. For the comparison 
between HumaLink® and the patients in real-life, we present the 
percentages, among the 1690 decisions, of full agreement, full 
disagreement, or neutral comparisons, explaining the absence of SD bar.

In a further analysis of non-agreement between the patients 
and the diabetologists on one hand, and HumaLink on the 
other hand (cells B and C of the DAG), we evaluated the 
percentage of decisions present in cells B1, C1 and B3, i.e., 
the right-top corner of the grid. This corresponds to the 
decisions where patients or diabetologists avoid an increase 
in the insulin dose, or even to decrease it, while HumaLink 
would have proposed an “increase” or a “no-change.”  
Figure 4 represents the percentage (B1+C1+B3) / [(B1+C1+B3) 
+ (B2+C2+B4)] determined for the 14 patients in real-life, 
the 14 patients a posteriori and for the 6 diabetologists. The 
index was significantly higher than 50% for the patients, 

especially in real-life (p < 0.005). By contrast, this index  
was significantly lower than 50% for the diabetologists 
(p < 0.05). Moreover, the index obtained for the diabetologists 
was significantly different by comparison to patients 
in real-life (p < 0.0001) and to the patients a posteriori  
(p = 0.002). There was no significant difference between 
patients in real-life and patients a posteriori.

Figure 4: Index defined as the ratio (B1+C1+B3) / (B+C) for patients in 
real-life, patients a posteriori and diabetologists. For patients, this index 
is significantly higher than 50% (p<0.005 and p<0.0001, respectively).  
For the diabetologists, this index is significantly lower than 50% (p<0.05). 
Data are presented as mean and SD.

Discussion
Many patients do not adjust their doses of insulin while  
their SMBG levels are high, explaining in part their high 
level of glycated hemoglobin. This avoidance of adjustment 
of the insulin doses is often noticed while the other tasks  
of their treatment, for example insulin injections, SMBG, 
and even the recording of the data in a diabetes logbook,  
are accomplished correctly.2,3 First, this study confirmed 
that in the real-life, patients indeed modify their insulin  
doses less often than if they were given a chance to make 
these decisions a posteriori, suggesting that this behavior 
is not due to a lack of knowledge. Deciding on the same  
sets of data, diabetologists were even more aggressive in 
the rate of changing insulin doses (Figure 2).
In order to make it possible to evaluate in a normative 
way decisions made by patients or diabetologists, we 
used as an objective reference the recommendations made 
by HumaLink; a computer program designed to propose 
insulin adjustment on the basis of standard algorithms. 
We devised a simple 9-cell DAG, making it readily 
possible to categorize the decisions made by the patients 
or the diabetologists versus the recommendations made  
by HumaLink into “full agreement,” “full disagreement,” 
and “neutral.” It is important to keep in mind that this 
trichotomization was qualitative, and not quantitative, and 
did not take into account the magnitude of the proposed 
changes. A quantitative assessment would be difficult to  
set up, as the magnitude of the changes would have to 
take into account the absolute insulin dose. 
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First, we demonstrated that the rate of full disagreement 
between HumaLink on one hand, and the patients and 
the diabetologists on the other hand was almost always 
lower than 5% (Figure 3); on the basis of this rather 
low rate of full disagreement, computed on a very high 
number of decisions, and for 14 different patients and 
6 diabetologists, we felt that it was appropriate to use 
proposals made by HumaLink as a standard in the second 
part of this analysis.

Focusing on discordance between HumaLink and the 
patients on the one hand and the diabetologists on the 
other, we realized that the specific cells of DAG are not 
symmetrical when comparing the decisions made by the 
patients or the diabetologists to the recommendations 
proposed by HumaLink. Indeed, the 3 cells placed at the 
right top corner represent behaviors where patients avoid 
increasing the insulin dose, or decrease it, while HumaLink 
would have proposed an increase or a “no-change.”  
This may actually represent a trend to cautious behavior 
vis-à-vis the risk of hypoglycemia. Data shown on Figure 4  
indicate that the percentage of the top right corner cells 
of the grid was higher than 50% for the patients, both  
concerning their behavior both in real-life and when they 
had to find the solution as a theoretical exercise. This may 
suggest that the fear of hypoglycemia may represent a 
significant deterrent of patient decisions. In this regard, 
hypoglycemia has been described as the complication that 
patients fear most,10,11 and the risk of severe hypoglycemia 
represents a major limit to diabetes self management.12,13 
The opposite figure was observed for the diabetologists, 
who may be more concerned by the risks related to 
hyperglycemia. Interestingly, this phenomenon was 
observed in patients who did not have a history either 
of frequent severe hypoglycemia, or of severe diabetic 
complications, i.e., a context often observed during the 
first decades of the disease. 

This index, which may thus be an index of the cautiousness 
vis-à-vis the risk of hypoglycemia, determined from the 
data obtained in patients in real-life, was found to be 
significantly correlated to HbA1c (r=0.523, p<0.05, data 
not shown). While the number of subjects investigated 
was small, this may suggest that such behavior of the 
patient represents a risk for poor metabolic control, and  
thus, for the development of long term complications. 

In conclusion, this study should be considered as a pilot 
study, aimed to demonstrate the feasibility of assessing 
patient behavior concerning insulin dose adjustment.  
Thus, this paper proposes a method for the objective 
assessment of this behavior, both quantitatively, 
determining the respective percentages of increase, 

decrease, and no-change in the insulin doses, and 
qualitatively, comparing their decisions to a reference 
standard. This method may prove to be useful to assess  
the efficacy of educational programs.
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