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Utilization of an abbreviated diabetes impact management scale to assess
change in subjective disability during a trial of pulsatile insulin delivery
demonstrates benefit
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Abstract

A prospective interventional study of pulsatile intravenous insulin infusion therapy has demonstrated reduction of left ventricular mass
and blunting of progression of diabetic nephropathy. We anticipated that improvements in objective parameters would be associated with
similar improvement measurable by the self-administered Diabetes Impact Management Scale (DIMS). The DIMS was administered at
baseline and 12 months for 19 participants randomized to receive either standard insulin treatment of 3 to 4 injections of insulin daily or
insulin treatment plus an additional day per week of 3 intravenous pulses over an 8-hour period. For standard vs pulsed intravenous insulin
therapy, mean baseline scores were similar for the 12 total questions as well as the groups of 7 questions with emotional content and 5 with
physical (neurologic) content. Mean study group scores at 1 year and changes over 1 year were not significantly different for the 7 questions
with emotional content (P = .3143, .7574). Score results for the 5 questions related to neurologic status at 1 year and changes over 1 year
were significantly different between patients with standard and with pulsed insulin therapy (P = .0144, 0.0004). Pulsatile intravenous insulin,
when added to standard multiple-dose insulin therapy, was demonstrated to improve subjective perception of neurologic disability on

repeated use of an abbreviated form of the DIMS.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Physiologic secretion of several hormones occurs in
pulsatile fashion, including insulin [1], glucagon [2],
somatostatin [3], and growth hormone [4]. When equimolar
amounts of hormones have been compared with continuous
infusion, increased efficiency of physiologic response has
been found for insulin, glucagons, and growth hormone. The
intent of this study was to assess quality of life as determined
by the Diabetes Impact Management Scale (DIMS) in a
prospective randomized study involving pulsatile intrave-
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nous insulin infusion [5] added to standard care in patients
with type 1 diabetic nephropathy followed for 12 months.
We hypothesized that repeated use of a simple subjective
impact evaluation tool would give information that would
correlate with objective changes in clinical and laboratory
patient status particularly improvement in carbon dioxide to
oxygen production ratio [6,7].

A prospective interventional study of pulsatile intrave-
nous insulin infusion therapy has demonstrated reduction of
left ventricular mass and blunting of progression of diabetic
nephropathy. Such findings would not be expected to bring
about improvements in patient’s perception of their quality
of life. We considered that improvements in objective
parameters, however, might be associated with similar
improvement measurable by a self-administered DIMS and
were worthy of investigating in a trial to assess methods of
insulin delivery to patients with type 1 diabetes mellitus.
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2. Methods

Investigators participating in a multicenter study, with the
goal of optimizing glycemia and blood pressure control, saw
patients with type 1 diabetes mellitus weekly for 1 year.
Individual patients were randomized to either a control group
or a treated group. Both groups of patients received 3 to 4
subcutaneous insulin injections per day. The treated group
received, in addition, a pulsed intravenous insulin infusion
consisting of three 1-hour infusions in a pulsatile fashion
over one 8-hour period each week. A description of the
complete protocol has been previously published [8].
Laboratory investigations included levels of and changes in
serum creatinine, creatinine clearance, total urinary protein
per 24 hours, hemoglobin, glycohemoglobin, and advanced
glycated end products. Additional measurements were
calculated for left ventricular mass, serum fibrinogen,
fibrinolytic activity, factor VII level, plasminogen activator
inhibitor 1, von Willebrand factor, diastolic function (by E/A
ratio), systolic function (fractional fiber shortening, ejection
fraction), mean arterial pressure, day to night mean arterial
pressure ratio, and measures of time and frequency spectral
analysis of 24-hour ambulatory electrocardiographic mon-
itoring (all results not shown) [9-11].

A subgroup of 19 patients seen at the Joslin Diabetes Center
(12 men, 7 women) participated in this study [7,9-11]. The
patients were randomly assigned to a control group (n =9) or
an intravenous pulsed insulin infusion group (n =10). Baseline
characteristics and clinical profile are shown in Table 1.

All patients completed the 44-question DIMS at baseline
and 12 months. Validation of the methodology and scoring of
this instrument in a standardized manner has been previously
published [12-14]. Each patient’s DIMS response at
12 months was compared with his/her individual baseline
response to minimize interindividual variability. All patients
had at least a 75% question response rate on both the baseline
and 12-month questionnaires. Because missing data
occurred for different questions in the 2 study groups, we
created a data set for analysis where each missing value was
replaced with the mean response for that question for the
total group [15,16]. Thirty-two of the 44 questions showed

Table 1
Demographics: baseline variables

Variables Insulin pulsing by IV insulin
Yes(n=10) Nom=9) P value

Age (Y) 403+24  402+3.8 .9860
Duration DM 270+ 1.4 26619  .8528
Body weight (kg) 73.2+3.7 72.8+2.4  .9400
Serum creatinine (mg/dL) 1.8+0.2 1.8+0.2 .9725
Creatinine clearance (mL/min) 58.1+£7.0 57.8+6.0 .9729
24-h proteinuria (g/d) 2449 + 735 3974 £ 794 1764
Hemoglobin (g%) 13.4+£0.7 13.8+£0.5  .6557
Hemoglobin A . (%) 8.9+0.5 9.7+05 2724
Advanced glycated end products ~ 11.5+3.3 126 +1.8  .7867

IV indicates intravenous; DM, diabetes mellitus.

no significant change between baseline and 12 months for the
total group (P > .10) and were therefore excluded from
further analysis. Of the 12 remaining questions, 5 predomi-
nantly reflected physical issues (Did burning, tingling, pain,
or numbness bother you in your hands? Have you been
bothered by blurring of vision? How often did you have
diarrhea? How often were you able to function sexually as
well as you wanted to? Have you been bothered by feeling
faint/dizzy on sitting up/standing up?) and 7 reflected
emotional issues (How much of the time were you lacking
enough energy? Have you felt optimistic about your
diabetes? How well have you slept? Have you felt depressed?
Have you eaten what you wanted to? Have you participated
in and enjoyed family life? How often have you been able to
function well in your usual occupation?) regarding the prior
months’ activities and sensations. Responses were based on a
6-point scale (worst case response being 6 points, best case
receiving 1 point): never, rarely, sometimes, often, usually,
and always. The neuropathy question was scored on
responses including no discomfort, mild, moderate, severe,
nearly unbearable, and unbearable (worst case response
being 6 points, best case receiving 1 point).

Annual changes of individual patient scores were
calculated for each of the 2 response question groups, and
results were then correlated with treatment and changes in
laboratory values measured during the study. It should be
understood that a decrease in DIMS score or any of its
components represents a subjective improvement of symp-
toms reported for the prior month.

Data analyses were performed using SAS Version 8.2
(SAS Institute, Cary, NC). Significance of annual responses
from zero was determined by Student paired ¢ tests. Tests of
significance between study groups were determined by
Student unpaired ¢ tests. Frequency data were compared
using Fisher exact test. Pearson product moment correlations
were used to determine the relationships between variables.
Values are reported with standard error of the mean as a
measure of dispersion. A P value not exceeding .05 was
considered statistically significant.

3. Results

Using standardized scoring of the DIMS questionnaire,
we found that changes, over the year, in the 12-question
scores (Table 2) were significantly different between the
study groups. There were no statistically significant relation-
ships between change in the baseline and 1-year DIMS
scoring for 44 questions and type of insulin delivery or
resultant diabetes control (all Ps = not significant). It
appeared that virtually all of the difference between the
insulin groups was accounted for by the physical and not the
emotional content questions.

During the yearlong course of the trial, the patients
receiving pulsed weekly insulin had more stable serum
creatinine (baseline, 1.8 mg/dL; 12 months, 1.8) than those
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Table 2
The DIMS question scores over 1 year: relationship to method of insulin
administration (mean + SEM)

Insulin pulsing by IV insulin P value
Yes (n = 10) No (n=9)
12-Question score (total)
Baseline 32.01 +£1.72 31.23 £ 1.38 7323
ly 27.18 £ 1.41 33.16 £2.22 .0331
Change —-4.83+1.79 1.92 +1.72 .0150
5-Question score (physical)
Baseline 13.10 £ 0.82 11.33 £ 0.60 .1078
ly 8.48 +£0.91 12.96 + 1.41 .0144
Change —4.62 £ 0.87 1.62 £ 1.16 .0004
7-Question score (emotional)
Baseline 1891 + 1.16 19.90 + 1.09 .5455
ly 18.70 + 1.03 20.20 + 1.00 3143
Change -0.21 £ 1.30 0.30 +0.92 1574

on standard insulin therapy (baseline, 1.8; 12 months, 2.3;
difference between study groups, P = .0233). Likewise,
creatinine clearance in the pulsed group was more stable (58
to 59 vs 58 to 41 mL/min, P = .0528); as was hemoglobin
(13.4t0 12.6 vs 13.8 to 11.8, P=.0075). Control of glycemia
as measured by glycohemoglobin A;. was not statistically
different at baseline or at 1 year but improved less in the
pulsed care group (8.9% to 8.4% vs 10.0% to 8.0%, P =
.0520); as measured by advanced glycated end products
(11.5 to 8.3 vs 12.6 to 7.2, P = .66606), there were no
differences between study groups. These findings are similar
to those previously reported in the multicenter study [3].

Significant physical, but not emotional, score responses
were evident only after pulsed insulin administration (Table 2)
along with stability of renal function and reduction of left
ventricular mass [17]. Changes in the 5-question responses
over the course of the study were statistically correlated with
changes in serum creatinine (» = 0.6998, P = .0009),
creatinine clearance (r = —0.4669, P = .0438), and left
ventricular mass (r = 0.5189, P =.0394).

4. Discussion

We hypothesized that correction of insulin deficiency by
pulsatile intravenous insulin infusion in type 1 diabetes
mellitus patients with nephropathy would be associated with
a measurable improvement of the physical and emotional
diabetes impact measurement scale when compared with a
control group with conventional subcutaneous insulin dosing
provided that there was similar glycemic control. We
reasoned that questions relating to the subjective physical
as opposed to emotional impact of diabetic nephropathy or its
management might be more sensitive to the objective
changes observed in individuals. Of the 5 physical questions,
3 relate directly to autonomic, 1 to peripheral, and 1
potentially to cranial nerve function [18]. We anticipated as
well that changes in the individual responses to the DIMS
would be associated with measurable changes in the kidney

and the heart. Physical, but not emotional, responses
corresponded nearly identically to pulsed insulin administra-
tion (Table 2), stability of renal function, and reduction of left
ventricular mass. The response to physical status questions
was not associated with any improvement in hemoglobin or
control of diabetes as assessed by glycohemoglobin con-
centration or advanced glycated end products.

This study demonstrates that pulsatile insulin injections
had a significant benefit in perceived neurologic function when
compared with standard therapy corresponding to a slowing
in the decline in kidney function and diminution in left
ventricular hypertrophy. As it is quite unlikely that stability of
renal function or decrease in left ventricular mass has a direct
effect on subtle neurologic changes, 1 reasonable explanation
may be that the delivery of insulin in a physiologic manner
has diffuse metabolic effects at the cellular level.

The current pilot study was limited to type 1 diabetes
mellitus patients with abnormalities in renal function. The
findings cannot be generalized to type 1 diabetes mellitus
patients with normal renal function or to individuals with
type 2 diabetes mellitus. Our results, however, suggest that
repeated use of abbreviated DIMS (rather than the standard
long form) questionnaires might provide useful information
in prospective interventional studies. At least in this study,
the abbreviated test focused and magnified changes that
would have been obscured by the use of the full tool. In the
complete DIMS tool, there are many questions that related to
morale. In the current study, patients were used as their own
controls; and chronic depressive illnesses were neither
diagnosed nor treated. Prior studies have demonstrated little
relevant clinical value for the full DIMS tool. We believe that
this is due to the static produced by questions that are only
loosely associated with physical illness, though certainly
related to perceived quality of life.

A large prospective study (n = 506) of individuals older
than 70 years demonstrated significant differences in all-cause
mortality and cardiovascular events in the presence or absence
of subtle neurologic findings. In that study, patients were
examined for tremor, rigidity, deficiencies of small move-
ments, and postural balance in addition to changes in frontal
lobe function, with notable difference in patient outcomes
after 3 to 9 years [19]. Mechanism of brain dysfunction in the
older adults was suggested to be direct subcortical injury, but
the accompanying editorial suggests that the more basic
underlying defect is in the microvasculature [20]. The current
small pilot study using subtle subjective neurologic abnorm-
alities in patients 3 decades younger with cardiorenal disease
was able to identify significant differences in surrogate
markers of vital organ function within the first 18 months.
Because the findings in our study touch areas of micro-
vasculature as well as direct neurologic change, the impact of
physiologic insulin delivery to diverse target organs at the
mitochondrial level would appear central [21].

We believe this to be a potentially important observation
in the clinical evaluation of patients with progressive
nephropathy, as the full DIMS tool may obscure some
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important results with respect to the progressive changes of
diabetes. If this finding is confirmed in larger data sets, it
may lead to improvement in the precision and utility of the
DIMS for further clinical research in patients with type 1
diabetes mellitus. Pulsatile intravenous insulin, when added
to standard multiple-dose insulin therapy, was demonstrated
to improve subjective perception of neurologic disability on
repeated use of an abbreviated form of the DIMS.

Acknowledgment

This study was supported in part by Advanced Metabolic
Systems and the Pat Covelli Foundation.

References

[1] Paolisso G, Scheen AJ, Giugliano D, Sgambato S, Albert A,

Varricchio M, et al. Pulsatile insulin delivery has greater metabolic

effects than continuous hormone administration in man: importance

of pulse frequency. J Clin Endocrinol Metab 1991;72:607-15.

Paolisso G, Sgambato S, Giunta R, Varricchio M, D’Onofrio F.

Pulsatile rather than continuous glucagon infusion leads to greater

metabolic derangements in insulin-dependent diabetic subjects.

Diabete Metab 1990;16:42-7.

[3] Berts A, Liu YJ, Gylfe E, Hellman B. Oscillatory Ca2+ signaling in

somatostatin-producing cells from the human pancreas. Metabolism

1997;46:366-9.

Maiter D, Underwood LE, Maes M, Davenport ML, Ketelslegers JM.

Different effects of intermittent and continuous growth hormone (GH)

administration on serum somatomedin-C/insulin-like growth factor I

and liver GH receptors in hypophysectomized rats. Endocrinology

1988;123:1053-9.

[5] Aoki TT, Benbarka MM, Okimura MC, et al. Long-term intermittent
intravenous insulin therapy and type 1 diabetes mellitus. Lancet 1993;
342:525-8.

[6] Aoki TT, Vlachokosta FV, Foss MC, Meistas MT. Evidence for
restoration of hepatic glucose processing in type I diabetes mellitus.
J Clin Invest 1983;71(4):837-9.

[7] Weinrauch LA, Burger AJ, Aepfelbacher F, Lee AT, Gleason RE,
D’Elia JA. A pilot study to test the effect of pulsatile insulin infusion
on cardiovascular mechanisms that might contribute to attenuation
of renal compromise in type 1 diabetic patients with proteinuria.
Metabolism 2007;56:1453-7.

2

—

[4

[}

[8] Dailey G, Boden G, Creech R, Johnson D, Gleason RE, Kennedy
FP, et al. Effects of pulsatile intravenous insulin therapy (PIVIT) on
the progression of diabetic nephropathy. Metabolism 2000;49:
1491-5.

[9] Aepfelbacher F, Yeon SB, Weinrauch LA, D’Elia J, Burger AJ. Effect
of improved glycemic control on left ventricular structure and
function in patients with type 1 diabetes mellitus. Int J Cardiol 2004;
94:47-51.

[10] Weinrauch LA, Burger A, Gleason RE, Lee AT, D’Elia JA. Left

ventricular mass reduction in type 1 diabetic patients with nephropathy.

J Clin Hypertens 2005;7:159-64.

Weinrauch LA, Burger A, Aronson D, Gleason RE, Lee AT, D’Elia JA.

Regression of left ventricular hypertrophy in diabetic nephropathy: loss

of parasympathetic function predicts response to treatment. J Clin

Hypertens 2006;8:330-5.

[12] Aoki TT, Hammond GS. Measurement of health status in diabetic
patients. Diabetes impact measurement scales. Diabetes Care 1992;15:
469-71.

[13] Jacobson AM, de Groot M, Samson JA. The evaluation of two
measures of quality of life in patients with type I and type II diabetes.
Diabetes Care 1994;17:267-74.

[14] McColl E, Eccles MP. From the generic to the condition-specific?
Instrument order effects in quality of life assessment. Med Care 2003;
41:777-90.

[15] Simes RJ, Greatorex V, Gebski VJ. Practical approaches to minimize
problems with missing quality of life data. Stat Med 1998;17(5-7):
725-37.

[16] Jacobsen PB, Davis K, Cella D. Assessing quality of life in research
and clinical practice. Oncology 2002;16:133-9.

[17] Weinrauch LA, Bayliss G, Gleason RE, Lee AT, D’Elia JA. A pilot
study to assess utility of changes in elements of the Diabetes Impact
Management Scale in evaluating diabetic patients for progressive
nephropathy. Metabolism 2009;58:492-6.

[18] Mehra S, Tavakaoli M, Kallinikos PA, Efron N, Boulton AJM,
Augustine T, et al. Corneal confocal microscopy detects early nerve
regeneration after pancreas transplantation in patients with type 1
diabetes. Diabetes Care 2007;30:2608-12.

[19] Inzitari M, Pozzi C, Ferrucci L, Chiarantini D, Rinaldi L, Baccini M,
et al. Subtle neurological abnormalities as risk factors for cognitive and
functional decline, cardiovascular events, and mortality in older
community-dwelling adults. Arch Int Med 2008;168:1270-6.

[20] Boustani M, Justiss M. Subtle neurological abnormalities and
functional cognition in older adults. Arch Int Med 2008;168:1252-3.

[21] Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T,
Kaneda Y, et al. Normalizing mitochondrial superoxide production
blocks three pathways of hyperglycaemic damage. Nature 2000;404:
787-90.

[1

—



	Utilization of an abbreviated diabetes impact management scale to assess change in subjective d.....
	Introduction
	Methods
	Results
	Discussion
	Acknowledgment
	References




