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ABSTRACT
A COMPARISON OF THE EFFECTS OF VARYING INSULIN REGIMENS
IN TYPE II DIABETICS ON WEIGHT CHANGES AND
DIETARY COMPLIANCE
Myra Ross Barber
May , 1995
A retrospective study of NIDDM patients compared
changes in glycemic control and weight between nine
different insulin regimens .

Ninety-th ree clinic patients

completed a questionnaire addressing issues of dietary
compliance, appetite and hypoglycemia for comparison with
recorded HgA1C and weights.

Statistical comparison of the

groups found no differences at the .05 level when compared
by demographic data or by HgA1C at basel ine or at the end of
6 months on insulin.

Two-thirds of the sample were either

using bedtime NPH combined with oral h ypoglycemics (HS) o r
70 /3 0 twice each day.

At 6 months, the mean decrease in

HgA1C was similar in both group (1.55 +/ - 7.71 vs. 1.8 4 +/ 2.21, respectively).

A significant difference in weigh t

gain was found (p=.01 ) with an increase of 0.2 pounds +/ 4.7 for HS compared to 9.6 +/ - 10.5 .

Reported dietary

compliance increased in 30% of the samp l e with init iation of
insulin, but recent diet education with a dietitian made a
v

significant difference (p= . 006) by minimizing weight gain .
Mean gains of 3 . 9 +1- 9.4 were compared to 9.5 +/ - 8.1 for
those without this education .

Use of bedtime NPH combined

with oral agents produced comparable improv ement in HgAlC
with smaller weight gains, but when combined with a rev iew
of diet education the mean weight remained stable .
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CHAPTER I

INTRODUCTION
Type II diabetes affects more than

5~

of the U.S. adult

population and the recommended initial treatments are diet
and exercise.

If these fail to achieve glycemic control,

then sulfonylureas are often prescribed (1) .

However,

20~

of people with Type II diabetes have minimal initial
response to sulfonylureas and another
secondary failures

(2).

5-10~ / year

become

Generally, insulin therapy is

initiated in sulfonylurea failures .

Even with insulin, it

is often difficult to achieve adequate control because many
patients have pronounced insulin resistance.

Theoretically,

in patients capable of endogenous insulin production, the
combination of sulfonylurea and insulin might achieve better
glycemic control at lower doses of insulin.

The

sulfonylureas have been reported to increase endogenous
insulin secretion (3), reduce the accelerated rates of
hepatic glucose production, partially reverse the
postreceptor defect in insulin action, and lead to an
increase in the number of cellular insulin receptors (2)
These actions should complement the effect of exogenous
insulin and a metaanalysis of 17 randomized, controlled
1

2

trials of combination therapy reported a modest improvement
in glycemic control over insulin therapy alone (4) .
The major drawback with insulin therapy is that it
often causes weight gain.

Because this weight is largely

adipose tissue, it ccanfurther worsen insulin resistance,
thus creating a vicious cycle.

In studies, insulin has

produced weight gain averaging 4 to 5 kg in the first months
of therapy and weight gain is often proportional to the
degree that insulin treatment lowers blood glucose (5).
One study published in the New England Journal of
Medicine, November 1992, compared various insulin and oral
hypoglycemic agent regimens in non-insulin-dependent
diabetics.

One of the published conclusions was that the

use of oral hypoglycemic agents with the addition of an
evening dose of NPH insulin produced improved glycemic
control comparable to other regimens, but induces less
weight gain and hyperinsulinemia (6).

Another comparison

study with a different design found no differences in weight
gains

(7 ).

Both studies included extensive patient

education in diet and self-monitoring of blood glucose,
along with hospitalization for initiation of insulin and
titration of doseage.

Any difference in weight change with

varying insulin regimens requires further study, including
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whether these results would be applicable to a non-research
setting.
PURPOSE OF THIS STUDY
The purpose of this study was to determine if there are
any adv antages to a particul ar treatment regimen fo r Type II
diabetics in

a clinic population with regard to we i ght

changes as well as glycemic control .

Specific objectives

included:
1.

To determine the relationship between changes in
glycemic control and weight c h anges.

2.

To compare response to various insul in regimens by
comparison of before and after glycosyl ated
hemoglobins.

3.

To determine if diet education, either in the
period just prior to beginning insulin, at tha t
point or during the first months will mit igate
weight changes.

4.

To determine if there are any advantages to an
evening only insulin regimen regarding we ight
increases.

s.

To determine any differences in the patient's
perception of appetite or ability to follow
dietary regimens dependent on treatment regimen.

4

NULL HYPOTHESIS
The null hypotheses tested are as follows:
1.

There is no correlation between change in glycemic
control and changes in weight.

2.

There is no difference in wei ght gain between
insulin administered in the morning, e v ening or
both.

3.

There is no difference in weight changes during
the first months using insulin regardless of
the extent of diet education.

4.

There is no difference in the patient's
perception of appetite or ability to fo l l ow
dietary restrictions between treatment regimens .

CHAPTER

II

REVIEW OF LITERATURE
Introduction
The more common Type II or non-insulin dependent
diabetes would seems to be an easier disease to treat than
Type I or insulin-dependent diabetes .

The metabol ic state

of the Type II diabetic is highly abnormal, but more stable
than in Type I diabetes.

However this appears to be an

illusion, since the morbidity and mortality attributed to
non-insulin dependent diabetes includes macrovascular
complications increased by two to four times as well as a
severalfold greater morbidity from microvascular
complications than in a matched nondiabetic population (8 ) .
While this might be attributed to problems in this
population other than hyperglycemia ; including obesity,
hyperlipidemia and hypertension; control of h y perglycemia
appears to be an important factor .

However, achieving

glycemic control in this group is often a source of
frustration to health-care providers.

In a recent

population-based survey, the mean gly cosylated hemoglobin
level was 10.2% among those on diet or oral h y poglycemic
5
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therapy and 11.8% in those using insulin (9). Both groups
were significantly above the 8.0% upper limit for good
control established by the American Diabetes Association
(10).

Therefore, new treatment regimens are continuing to

be explored to identify those that are not only effective,
but simple enough to increase compliance among the general
patient population.
ETIOLOGY
Non-insulin dependent diabetes is associated with both
insulin resistance and a decrease in insulin secretion b y
the beta cells of the pancreas.

It has been theorized that

the initial problem is insulin resistance.

In response to

this insulin resistance, both hepatic glucose production a nd
peripheral tissue glucose utilization eventually reach a new
basal equilibrium at a higher glucose setpoint.

The gradual

deterioration in glucose regulation has been referred to as
"Starling's law of the pancreas."

At t he early st a ges the

pancreas secretes more insul in to compensate for insulin
resistance, but the increased demand produces exhaustion of
the beta cells with an eventual de cline in insulin
production (11,12 ) and h y pergl y cemia .

I n support of this

theory, studies of relatives of patients with t y pe II
diabetes followed by the Jos l in Diabetes Center s howed that
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a high fasting insulin level, indicating insulin resistance,
was a key indicator of future development of diabetes

(13).

Much attention has been focused on the cause of insulin
resistance.

This insulin resistance is associated with

central or abdominal obesity.

Several studies, including

the prospective Health Professionals' Follow-up Study (14)
hav e found that waist circumference as well as obesity are
predictive of increased risk of diabetes . The increased
insulin resistance is augmented by an increase in betaandrenergic receptors on the visceral abdominal adipocytes .
These are then more metabolically active, resulting in
increased plasma levels of free fatty acids, which the liver
then uses for further gluconeogenesis (15,16).
The exact cellular action of insulin in glucose
transport has not been completely elucidated.

The defect in

insulin resistance takes place at the postreceptor level,
since the insulin clearance rate and half-life are similar
in diabetics to non-diabetics.

Many questions are still

unanswered concerning the defect, although small pieces of
the cellular puzzle are emerging.

This includes discovery

of the glucose transporter proteins termed GLUT 1-5.

It has

been shown in non-diabetics that insulin stimulated a

10-

fold increase in GLUT 4 translocation to the cell surface
(17).

This is sufficient to explain the observed

stimulation of glucose transport without having to invoke a
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change in the intrinsic activity of the transporters.

The

intermediate link between insulin and these transport
proteins, or the second messenger, is y et to be determined.

TREATMENTS
The cornerstone of treatment for NIDDM consists of
diet, especially for overweight patients.

Numerous studies

over the years have reflected an improvement in blood
glucose with weight loss (18,19) but the reasons for these
changes have been argued.

While insulin lev els did not

change significantly, weight loss has been shown to result
in increased

numbers of insulin receptors on circulating

monocytes (20 ) .

With weight loss averaging 16. 8 kg., it has

also been shown that the basal hepatic glucose production
was reduced 40% (21) .

This was not due to a hy pocaloric

state, since all testing was done fol l owing a t hree week
refeeding period.

This change can hav e a signifi cant eff ect

on glycemic control, since resistance to insuli n' s acti o n in
suppressing hepatic gluc o se production is a ma jor c ause of
fasting hy perglycemia in t his popula t ion (22 ) .
The biggest problem with weight l oss for control o f
type II diabetes is the difficulty with dietary compliance.
Therefore, the first of the nutrition recommendations is for
blood glucose control with a second goal to achiev e a
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"reasonable weight", which may be abov e the stan dard ideal
body weight (23).

The dietary compliance problem is the

reason many phy sicians routinely add medications with
limited emphasis on diet.
ORAL HYPOGLYCEM ICS
The oral agents in use in this c ountry at present are
either first or second generation sulfonylureas.

A number

of investigators have shown that the effects of these agent s
are achieved primarily from their abi li ty to potentiate
insulin action on glucose metabolism.

When identical

glucose levels are imposed in patients on and off
sulfonylurea therapy by means of a g lucose clamp, it is
apparent that sulfonylureas stimulate insulin rele ase
approximately two-fold (24) .
It has been proposed that sulf onyl ureas affect Ca 2+
transport across the plasma membrane .

Sulfonylu reas may

bind to specific membrane recept o rs which act to close K+
channels in the beta-cell membrane (25 )

This reduction in

K+ loss increases the net intracellular posi tiv e charge and
tend s to depolarize the membrane.

This allows increased

ca 2+ entry through voltage-dependent channels in the
membrane, which then stimulates insulin secretion (26)
Increasing blood glucose may act in a similar manner b y
generating increased ATP within the beta cells which acts to
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close the ATP-sensitive K+ channels (27 ) .

This appears to

be a dose-response, with a marked rise fr om 0 to 5 mmol / 1
and any further increase generating onl y small increases in
ATP (28 ) .
The possibility of 'extra-pancreatic' action of
sulfonylureas on peripheral tissues has been raised
repeatedl y , but will not be resol v ed until research defines
the post-receptor mechanism for glucose utilization.

In

vitro studies at high sulphonylurea concentrations show
increased insulin-mediated glucose uptake into tissues

(29 ) ,

as well as increased insulin receptor numbers (30 ) .
However,

the concentrations used may not be relevant to the

therapeutic levels obtained in diabetic patients.

Also, any

method of reducing the blood glucose level can diminish the
insulin resistance which occurs secondary to hypergl y cemia.
Some clamp studies reported no differences in insulin
sensitivity between sulfonylurea treated and untreated
patients (24 ) .
al.

Other studies, including one b y Lardinois et

(31 ) usi n g the insulin-clamp t e chniqu e, rep o rted

improved metabolic glucose clearanc e wit h o ral h y pogl y cemic
treatment .
The addition of an oral hypoglycemic often results in
decreases in basal plasma glucose from 30 to 100 mg / dl.
However, about 20% of people with type II diabetes have
minimal initial response while an additional 5% to 10% per
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year become secondary failures

(2) . This means that within

10 years of diagnosis, only 30% to 50% will have
satisfactory control with treatment by oral agents.

The

reasons for these failures may be obvious in some cases, but
often are obscure.

Obvious reasons for primary failure

would include the use in cases of clear insulin-deficiency
while secondary failures could be caused by underlying
infections or addition of hyperglycemic drugs such as
thiazides or beta-blockers.

In addition, dietary

noncompliance is often listed as a cause for drug failure,
but this is an unjust indictment of the drug class.

Without

caloric control the medications are handicapped and a
subsequent failure is inevitable, whether with oral
hypoglycemics or insulin.
The point of sulfonylurea failure is not clearly
defined, being at present the degree of hyperglycemia deemed
acceptable to the physician and patient.

Euglycemia has

been proven to be the goal in type I diabetes by the
Diabetes Control and Complication Trial (32 ) and the UK
Multicenter Trial is attempting to address this issue in the
population with type II diabetes.

General targets might be

a fasting blood glucose below 144, since this level
corresponds approximately to the target glycosylated
hemoglobin value of 8 . 0%.
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Once the decision is reached that the drug has failed,
the choices in the United States at present are reemphasis
on diet and exercise or initiation of insulin therapy,
either with or without oral agents .

Other parts of the

world have other agents available, but all oral agents
currently a v ailable in this country are sulfonylureas and
have basically the same mechanism of action, so a change to
another agent is generally a short-term delaying maneuver.
INSULIN THERAPY
No insulin preparations are specifically formulated for
type II diabetes and no specific regimen is accepted for
initial therapy.

Generally the addition of insulin is a

intermediate acting insulin, either Neutral Protamine
Hagedorn (NPH) or Lente, with either one or two injections
daily.

Some physicians routinely include some short-acting,

or regular insulin; either by mixing insulin or a pre-mixed
formula such as 70 / 30 (70% NPH-30%regular ) .

The dosage may

be determined by one of sev eral formulas based on fasting
plasma glucose levels or on a number of units / kg body
weight.

Many physicians just have a standard starting dose

for obese type II diabetics and then titrate from this
initial dose.
There are three distinct potential problems associated
with initiation of insulin therapy.

First, but generally
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the easiest to deal with, is the patient's reluctance to
self-inject insulin.

With proper technique insulin

injection is relatively painless and many patients report
that the improved sense of well-being from better glucose
utilization offsets any short-term discomfort from
injections.

However, it should be remembered that this does

require some commitment of time and effort from the patient
and may require adjustments to the individual's daily
schedule.
The other two areas are more complex and are still
somewhat controversial.

The second problem area is the

large controversy over possible long-term effects of
hyperinsulinemia, while the third is weight gain secondary
to insulin initiation.

Each of these should be considered

in planning treatment plans.
HYPERINSULINEMIA
One large question in the area of diabetes is that
suggested by epidemiologic e v idence that an increased basal
insulin level is an independent risk factor for
atherosclerosis (33 ) .

The risk of cardiovascular disease is

increased two to three times in diabetics over age and sex
matched non-diabetics and this is not totally explained by
other associated cardiovascular risk factors
theory has been expressed that the insulin

(34,35).

The
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resistant / hyperinsulinemic state may itself be responsible.
To support this concept, several projects have pointed out
hyperinsulinemia as a factor in the risk of hypertension,
which effects greater than 75% of type II diabetics.
example, even in a group of normotensive adults,

For

those found

to have fasting hyperinsulinemia were shown to have
significantly higher systolic and diastolic blood pressures,
as well as increased fasting triglycerides while highdensity lipoproteins (HDL) levels were lower (36) .

In

addition, exercise programs have noted a decrease in blood
pressure among hypertensives only among those with
hyperinsulinemia; possibly due to the well documented effect
of exercise in lowering insulin resistance (37) . Several
other studies noted similar findings concerning blood
pressure and hyperinsulinemia (38,39).

Multiple mechanisms

have been postulated to explain a link between insulin
resistance and blood pressure, including increased
sympathetic nervous system activity, proliferation of
vascular s mooth muscle cells, altered cation transport and
increased sodium reabsorption (40 , 41 ) .

It is, howev er,

important to remember that these theories are as yet
unproven and not all research supports the premise.

For

example, Muller (42) in research on the Baltimore
Longitudinal Study of Aging found that when controlling for
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other risk factors there was no statistical impact from
hyperinsulinemia or hypertension.
One possible explanation for these discrepancies was
pointed out by Laakso et. al.

(43), who noted that among a

group with diabetes, the lean hypertensives were more
insulin resistant than lean normotensiv es, but this
distinction was not true in obese subjects.

The same

differences between obese and lean were noted in the San
Antonio Heart Study, with hyperinsulinemia predicting the 8year incidence of hypertension in lean, but not obese
subjects (44) .

Since most hypertensiv es are obese, a

relationship between insulin and blood pressure in lean
individuals might be overlooked in the overall populations.
The cause of this difference awaits further research.
Dyslipidemia is another prominent risk factor in
atherosclerosis that is increased in diabetes (45 ) .

The

most common abnormality is increased triglyceride levels,
which is estimated to occur in 10% to 20% of patients with
type II diabetes.

In addi t ion lev els of HDL are u sual ly 2 5 %

to 30% lower than age and sex matched n on-diabe tic s and
canno t b e expla i ned b y obes i t y (4 6 ) .
Treatment that improv es glycemic control res u lts in
decrease of plasma free fatty acids and improvement in
dyslipidemia.

Treatment with sulfonylureas results in

reduction in plasma triglycerides, total cholesterol
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(greatly due to a decrease in very-low-density lipoproteins)
and sometimes in low-density-lipoprotein (LDL) levels.
These changes correlate with falls in fasting blood glucose,
but therapy does not appear to increase the low HDL levels
(47) .

Along with the improvement attributed to changes in a

free fatty acid flux, a decrease in insulin resistance
helps, since hyperinsulinemia appears to increase
cholesterol levels even in non-diabetics (48).

Treatment

with insulin has the benefit of increasing HDL levels, but
rarely restores them to normal

(49).

The questions expressed by Stout (50) and Reaven (51)
concerning the increased risk of atherosclerosis from higher
insulin levels have generated tremendous amounts of
research, but have not been answered to date.

In addition,

there has been shown a positive correlation between insulin
dose and the prevalence of macrovascular complications in
diabetics,

including myocardial infarction, gangrene and

amputation (52).

Although a correlation does not prove a

cause and effect relationship, all of this has caused t h e
diabetes research community to question the previously
accepted truism that the only treatment for hyperglycemia
was increasingly larger insulin dosage.
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WEIGHT CONTROL
One major area of concern among non-insulin dependent
diabetics is weight control, and insulin therapy has been
associated with weight gain ( 2, 53, 54 ) .

This can lead to a

vicious cycle of increase insulin--weight gain--increased
insulin resistance--increased blood glucose--further
increased insulin.

Weight gain is often proportional to the

degree that insulin treatment lowers blood glucose and
generally averages 4 to 5 kg in the first months of therapy
(54,55,56).

Early weight gain is partly rehydration, partly

salvage of calories previously lost in glycosuria and partly
reflects a small positive nitrogen balance.

Glycosuria

losses can amount to as much as 400 kcal / day (57), but is
dependent on the degree of hyperglycemia and the renal
threshold .
There does not appear to be any change in metabolic
rate to explain the weight increase (58).

Two-thirds of the

ultimate weight gain is fat and one-third is l ean body mass
(57) .

In addition to the sal v age of calories previously

lost in glycosuria, induced hypoglycemia may necessitate
increased caloric int ake for treatment, although this is
probably only a negligible factor in a relatively inactive
type II population.

Of more concern is the possibility of

increased appetite in patients who have already shown
themselves to be prone to hypercaloric intakes.
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Hyperinsulinemia

has been shown to be a factor in

increasing appetite (59) and since utilization of a sloweracting insulin would bring about a gradual h yp ogl y cemia
without overt warning symptoms, then hunger could be
stimulated in a subtle manner (2 ).
COMBINATI ON THERAPY
The healthy, nondiabetic pancreas secretes 3 0 to 40
units of insulin each day ( 60).

Non-insulin dependent

diabetics frequently require far greater amounts of insulin
due to insulin resistance, making treatment difficult. The
theory behind combination therapy is that if sulfonylureas
potentiate insulin action and reduce insulin resistance in
type II patients, both endogenous and exogenous insulin
would be more effective.

Thus, a patient who is severely

insulin resistant and has some deficiency in insul in
secretion might have better glycemic response to insulin sulfonylurea combined therapy than to either drug alone.
Combined therapy for non-insulin dependent diabetics
was proposed sho rtly after the introduc tion of sul f o n ylureas
in the 1 950s , but early studies were incon clusive and the
concept was not pursued for years.

However, poor control in

many of these diabetics and concern over the effects of such
high insulin doses caused renewed interest in this approach
in the past decade.

Most published studies hav e eval u ated
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the addition of oral agents in patients with poor control on
insulin-only therapy .

A smaller number of studies hav e

utilized the addition of a basal insulin dose along with
continued oral agents.
The results of these studies hav e been extremel y
variable and somewhat difficult to assess.

Many of the

studies have used extremely small samples and some were
poorly controlled.

Assessing outcomes between changes 1n

glycosylated hemoglobins and changed glucose tolerance tests
have blurred some of the results.

Others were of such short

duration that the results are questionable, particularly
when some longer studies have noted an initial improvement
that appeared transient in a large percentage of the sample
(61, 62).

In addition, the small improvement in values seen

in some cases has been questioned from the cost angle, since
adding another medication is more expensiv e than increases
in insulin dosage ( 62, 63) .

The cost factor has been

equalized in the past two years with the a v ai l ability of
less expensiv e generic second-generation sulfony lureas.
Ev en rev iews and meta-analysis are not in agreeme nt o n
c ombination therapy.

A f o rmal me ta-analy si s of the Engl i s h

literature from 1976 to 1990 that combined weighted outcomes
from multiple studies failed to confirm a significant
benefit from the addition of a sulfonylurea to insulin
therapy (64) while a meta-analysis from 1966 to 1991
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identified 17 articles and reported that combined therapy
showed modest improvement in glycemic control

(4) .

EVENING INSULIN/ SULFONYLUREA
One strategy to help in control of blood glucose is to
attempt to mimic the normal physiology with a steady basal
insulin augmented with post-prandial insulin release .

One

attempted to do this is with injection of a sustained-action
insulin given at bedtime to achieve maximum effect close to
the peak of the early-morning rise in basal insulin
requirement.

This would compensate for the defect of

endogenous insulin in suppressing hepatic glucose output and
help to normalize fasting blood glucose.

By peaking later

during the period of the "dawn phenomenon'' rather than
between 2 and 3 a.m., the risk of hypoglycemia is greatly
reduced.
morning,

Also, since the insulin peaks early in the
less would be available for mobilization during

daily activities and thereby decrease the risk of activity
induced hypoglycemia during the day .

However , one

c omparison of nocturnal versus day time insuli n infusion
found similar 24-hour free insulin concentrations and mean
plasma glucose concentrations were identical.
insulin did result in 18% lower free fatty acid
concentrations (65).

Nocturnal
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One theoretical advantage to this bedtime insulin
regimen is that less exogenous insulin would be available to
increase appetite during the day .

This is one possibility

to explain the comparative study by Yki-Jarvinen et al.

(6)

that concluded that evening NPH insulin in combination
therapy produced equivalent glycemic control, but with less
weight gain or hyperinsulinemia.

This study involving 153

type II diabetics reported similar improvement in Hemoglobin
A1c levels and home blood glucose monitoring between the
combined therapy with either morning or evening insulin as
well as twice a day mixed insulin dosage or basal insulin
with short-acting insulin before each meal.

This same

improvement without weight increase has not been reported in
some other studies using bedtime insulin with combined
therapy (7,66,67) but differences in insulin adjustments
along with types and dosage of sulfonylurea makes comparison
of results less clear-cut.

A Swedish multicenter trial with

79 patients randomized to receive combination therapy of
either a bedtime NPH injection or injection of regular
insulin prior to each meal concurred with Yki-Jarvinen's
results. They reported equivalent improvement in glycemic
control with significantly higher weight gain among those
receiving daytime insulin (68) .
In each case, the effect of the intensive emphasis on
control within the research setting and extensive patient
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education must be considered when applying the results to
other patient populations .

Several of these studies

hospitalized patients for extensive instruction in insulin
usage, meal planning and blood glucose monitoring.

In

normal circumstances with today's emphasis on costcontainment in health care, NIDDM patients are not
hospitalized to begin insulin unless there is a concurrent
illness requiring hospitalization.

In some other studies

where insulin was begun in an outpatient setting, education
was emphasized with repeated instructions on insulin and
diet.

It is often difficult from published reports to

ascertain the extent of education provided,

so this is

another area that can make comparison of study results
difficult.

These differences in education could have a

significant impact on the outcome of the study, particularly
in regard to diet and weight changes.

CHAPTER III
METHODOLOGY
Approval
This research was conducted with the approv al of the
Human Research Committee of the Tarrant Count y Hospital
District (Appendix A) as well as approval from the Human
Subjects Review Committee of Texas Woman's University
(Appendix B) .

A statement of consent to participate is

included in the introduction of the patient questionnaire
(Appendix C) .
Facility
This study was conducted within the ambulatory care
clinics located on the main campus of a tax-supported county
hospital district.

Located on this urban campus is a 430

bed tertiary care hospital with several residency programs
whose teaching staff and residents provide care in
obstetrics and gynecology, family practice, orthopedic
surgery, general surgery, opthamology, oral surgery and
podiatry .

Ambulatory medical care is a v ailable in

t wo

clinics, the Family Health Center and the Outpatient
Medicine Center and it is within these clinics that diabetes
care is provided on this main campus.
23

In addition, primary
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medical care is available in community clinics located
throughout the county.
The Family Health Center is a part of an accredited,
university affiliated family practice residency program.
The teaching faculty oversee the patient care provided b y 72
residents in this three ye ar program .

Within this clinic

patients are assigned to a particular resident for their
primary care, thus allowing the physician to follow the
patient's progress over time.

This clinic records

approximately 3000 patient visits each month.
The patient care in the Outpatient Medi cine Center is
provided by hospital interns and five nurse practitioners,
along with five supervising physicians; four certified in
internal medicine and one endocrinologist.

Patients are

assigned for their primary care to one of these providers
and about 1400 patient visits take place each month.
The records from these two clinics on the main campus
are the basis for this research.

The patients with t y pe I I

diabetes who began receiv ing insulin injections during the
period between August, 19 93 and August, 1994 and met the
study requi rements were contacted f o r their perceptions of
changes in their schedules and lifestyl e as well as a rev iew
of their medical records for changes in diabetes control and
weight.
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Subject Identification
No complete lists are available to identify the
diabetic population within these clinics.

Therefore

pharmacy records were utilized to locate patients to be
included in the study.

The hospital's outpatient pharmacy

uses the Astra system by General Computer Corporation to
catalogue its prescriptions. By entering the patient's
medical record number it is possible to review all
prescriptions in chronological order; including prescription
number, dosage instructions and dates of refill.
of

A printout

patients with active prescriptions for either oral

hypoglycemics or insulin as of August, 1994, was provided by
the Information Systems Department.

This identified 3935

patients with active prescriptions on that date.
number,

Of this

1653 patients were found to have prescriptions for

oral hypoglycemics only and were excluded from further
review.

The pharmacy profiles for the remaining 2282

individuals were reviewed by the researcher to identify
those meeting the following criteria:
(1) All patients included were greater than 35 years of
age,

in an attempt to exclude patients with Type I

or gestational diabetes.
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(2)

Patients had to have their first recorded
prescriptions for insulin written between August,
1993 and August, 1994.

(3) Each patient included had to have previous
prescriptions for some type of oral hypoglycemic
agent to assure these were patients who had failed
use of oral agents.
(4)

Patients with use of agents known to increase
weight or appetite, particularly megace and
prednisone (69) were excluded, since these
medications could confuse the effect of insulin on
weight or appetite.

From this review of pharmacy profiles, a total of 193
individuals met the above requirements.

The medical records

of each of these individuals was then reviewed to assure the
initiation of insulin within the research period and that
the patients had kept follow-up appointments during the next
six months.

This review excluded sixteen of these patients

because they were found not to have been started on insulin
within this clinic s y stem and so specific data was
unavailable.

This left a total possible sample of 177 NIDDM

patients who began insulin within this clinic system in the
specified time period.

After medical record review,

five others were excluded for the following reasons:

sixty-
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failed to keep follow-up appointments

18

transferred to clinics off the main campus

_£.1._-

lacked necessary recorded lab values

102 -

total sample number

Medical Documentation
The medical record of each of the 102 subjects was
reviewed by the researcher.

The following data was compiled

from the official record for analysis.
(1) Date patient was instructed to begin insulin
therapy.
(2) Type and dose of insulin to be administered.
(3) Weight as determined by the nursing personnel on a
balance beam scale at the time insulin was ordered.
(4) Glycemic control as determined by hemoglobin A1c
prior to insulin therapy.
(5)

Follow up appointments at 2-4 months after
beginning insulin, with weight recorded.

( 6 ) Hemoglobin A1c between 2-4 months af t er initiation.
(7)

Follow up appointment 5 to 7 months after
initiation with weight recorded.

( 8) Hemoglobin A1c between 5 and 7 months after
initiation.
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( 9)

Record of dietary instruction by a registered
dietitian within a period from 6 months prior to
beginning insulin therapy through the first 3
months on insulin.
Laboratory Values

The discovery that patients with diabetes had elevated
levels of the glycosylated hemoglobin A1 provided a means to
evaluate the degree of diabetes control over a period of
time.

Glucose condenses with the N-terminus of the beta

chain in a two step, non-enzymatic glycosylation.

When the

plasma glucose is chronically elevated, the degree of
glycosylation provides an index of the average glucose level
over the half-life of erythrocytes, i.e., about 2 months.
Normally the level of the hemoglobin A1c is approximately 4
to

6

~
0

•

The values used in this study were those reported by
the accredited hospital laboratory.

Trained phlebotomists

collected the blood samples into EDTA collection tubes that
were stored at 2-8 degrees C0 for less than 7 days until
analysis by certified laboratory personnel.

The laboratory

uses the Bio-Rad DIAMAT Fully Automated Glycosylated
Hemoglobin Analyzer System that utilizes the principles of
ion exchange high performance liquid chromatography (70) .
Strict quality control includes use of Lyphocheck Diabetes
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Control Levels 1 and 2 and acceptable limits for controls
are +/ - 2 standard deviations.

Expected values for non-

diabetics have been established to be 3 . 9 to 6.7% ( 71 ) .

Questionnaire
A questionnaire devised by the researcher was
administered to each participant.

The questionnaire was

designed to address factors reportedly affecting weight
changes in a diabetic population and to ascertain the
subjects' perceptions on four factors including:

(1 )

compliance with diet goals before and after insulin
initiation,

(2) changes in appetite,

(3) frequency of

hypoglycemia, and (4) changes in activity.

In addition,

questions on frequency of self monitoring of blood glucose
and changes in the patient's sense of well-being were
included.

Modifications to the questionnaire were made

following consultation with other diabetes educators and the
hospital's research committee.
The questionnaire was administered by the researcher at
the time of a subject's clinic appointmenc or ov er t he
phone.

After consenting to participate, the thirteen

questions were read to the subjects.

In addition to

answering the questionnaire questions, the patients were
given the opportunity to ask questions relevant to the
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research or their own diabetes care.

This made the

interviews exceed 20 minutes, but gav e patients an
opportunity to voice concerns or questions to the clinic ' s
diabetes educator that might not have otherwise been
addressed.
Body Mass Index
To determine the extent of obesity, the researcher
calculated the subject's body mass index at the time insulin
was initiated.

The questionnaire requested a self-reported

height that was used in this determination along with the
weight recorded by the nursing personnel in the medical
record.

Although the heights were not measured, it has been

shown that reported heights are relativ ely reliab l e,
particularly among women (72), who made up the majority of
this sample population.

The Body Mass Index (BMI ) was

calculated as BMI = weight (kgs) I height(cms ) 2 .

Data Analysis
A one way analysis of variance between t he groups
a ddressed demographics (sex, race, age ) , ant hropome tri c
factors

(weight, BMI) and diabetic related factors

SMBG, dietary compliance, duration of diabetes ) .

(HgA 1c,
This
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included computation of the arithmetic means,

standard

deviations and ranges .
Comparisons between treatment groups included t-tests
by the above mentioned factors.

Arithmetic calculations of

changes in weight and glycemic control during the treatment
period were made.

The relationships between changes in

control and weight, along with other factors, were assessed
by regression analysis.

The impact of dietary education on

weight changes was compared by t-tests as well as by
crosstabulation by insulin regimen.
Questionnaire answers were compared with treatment
results by regression statistical analysis to assess the
degree of impact of changes in appetite, dietary compliance,
activity or hypoglycemia on outcomes.
performed using SPSS-X (73).

All analysis were

CHAPTER IV
RESULTS
Of the 177 patients initiating insulin therapy during
the period August, 1993, to August, 1994; 102 patients
continued to be followed with medical and laboratory
evaluations in clinics located within the main campus'
ambulatory care facilities.

Of these 102, 93 were included

in the final analysis with 9 subjects having no phone or
clinic appointments during the three month data collection
period.

None of those contacted declined to answer

questions for inclusion in the study.
Population Characteristics
The demographic characteristics of the research
population are listed in Table 1.

Although predominately

female, with 70% of the total sample, this is consistent
with the greater frequency of diagnosis of NIDDM among
females.

The racial statistics of the group reflect the

racial characteristics of the inner city population served
in this facility.

While 33% are white, 46% are black and

18% classify themselves as Hispanic.

Of the 2 other

subjects included, one is listed as oriental and one as
32
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TABLE

1

AGE, SEX, BODY MASS INDEX AND RACE OF STUDY POPULATION

NUMBER

TOTAL SUBJECTS

AGE

55.7

(YEARS)

=

93
RANGE 36-72

+1- 9.66

SEX

28 MALES -30%

65 FEMALES -70%

BODY MASS INDEX

32.1 (MEAN)
+1- 7.23

RANGE 17-53

RACE

43
31
17
2

BLACKS (46%)
WHITES (33%)
HISPANICS (18%)
OTHER (2%)
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middle-eastern.

The mean age was 55.7 years with a range

from 36 to 72 years of age.

Using Body Mass Index (BMI ) to

reflect the degree of obesity within the sample,
was 32.1 with the standard deviation of 7.23.
wide range in BMI, from 17 to 53.

the mean

There was a

The length of diabetes

duration was calculated in number of months since the
reported initiation of oral hypoglycemic medications and had
a wide range from 4 months to 198 months with the mean of
53.85 (s.d.=44.74).
QUESTIONNAIRE DATA
Subjects were asked if they noted a change in appetite
with initiation of insulin therapy and responses were fairly
equally divided with 47% noting no change in appetite while
46% felt there was an increase in appetite.
(6.5%)

reported a decrease in appetite.

Six subjects

Those who believed

their appetite had increased were questioned if they noted a
specific time of day for this increase and the most common
response was at mid-afternoon (16 responses), but no
statistical trends were evident when different insulins were
compared.

Pearson's correlations comparing perceived

appetite changes with changes in weight at both three and
six months found a very weak correlation (.28737, p=.0102)
When asked how many kilocalories were recommended for
their diet plan, only 35.5% could give an answer.

Of the
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total sample, 45% had documentation of dietary education by
a registered dietitian during the 9 month period from 6
months prior to beginning insulin through the first 3 months
on insulin.

A comparison of weight gains between those who

had an appointment with the dietitian versus those without
showed those who had recent dietary review had a smaller
mean weight gain, as reported in Table 2.

The mean weight

gain was 3.9 pounds with diet review compared to 9.5 pounds
without (t=2.83, P=.006).

The differences reached

statistical significance only with the largest sample, which
was the total sample at 6 months follow-up.

This trend,

however, was seen in each comparison; including a comparison
between insulin regimens that would negate any affect of the
insulin itself .
The subjects were asked how often they tried to follow
dietary instructions, both before and after starting
insulin.
time,

The choices were (1) every day,

(3) occasionally, or (4) seldom.

(2) most of the

While 2 subjects

reported compliance every day both before and after insulin,
28 individuals (30% ) reported they increased t h e frequenc y
of dietary compliance after beginning insulin therapy.
Table 3 lists results for the total sample comparing before
and after initiating insulin therapy.
Noticeable changes in activity were only seen in 25% of
the population

with 11% reporting an increase while 14% had
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TABLE 2
COMPARISON OF WEIGHT CHANGES BETWEEN
SUBJECTS WITH OR WITHOUT DIET REVI EW
BY INSULIN REGIMEN

WEIGHT CHANGE
WITH DIETITAN

WEIGHT CHANGE
WITHOUT DIETITIAN
p

HS INSULIN
3 MONTHS
6 MONTHS

pounds .±S.d.
+.6 .±1 . 85
-.9 .±4. 7 5

pounds .±S.d .
+2.3 .±2.87
+2. 7 .±3.93

1.44
1.61

. 171
. 126

70 / 30 INSULIN
3 MONTHS
6 MONTHS

+4 . 4
+7.2

.±7.38
.±1 1 .47

+7.6
+11.5

.±6.79
.±9. 54

1 . 01
1.15

.328
. 257

TOTAL SAMPLE
3 MONTHS
6 MONTHS

3 .2
+3.9

.±5. 3 9
.±9.41*

+5.2
+9 . 5

.±5.54
.±8.14*

1 .3 4
2.83

. 185
. 006*

*

STATISTICALLY SIGNIFICANT VALUE P

<

0 . 05

T
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TABLE 3
FREQUENCY OF REPORTED DIETARY COMPLIANCE BY SUBJECTSBEFORE VERSUS AFTER INSULIN

FREQUENCY
EVERY DAY

N

SUBJECTS
BEFORE
INSULIN
2

(2%)

SUBJECTS
AFTER
INSULIN
2

(2%)

MOST OF THE TIME

26

(28%)

44

(47%)

OCCASIONALLY

40

(43%)

31

( 33%)

SELDOM

25

( 2 7%)

16

( 17%)

=

93
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decreased activity.

Seventy-five percent felt their daily

activities had remained unchanged during this period.

Table

4 summarizes these results.
Hypoglycemia frequency was merel y defined as occasions
where subjects felt weak or shaky/ not limited to those with
documented low blood sugars.

The majorit y of patients

reported little problem with hypoglycemia/ with 73% reported
the occurrence only rarely or never and another 19.5% noting
the occurrence 1 or 2 times each week at most.
the group reported a frequency of

>

Only 7.5% of

3 times per week .

Statistical comparison between hypogl y cemia and weight
changes at 6 months found no correlation with p

=

.439.

Table 5 summarizes this data .
When questioned about weight changes during this
period/ 42% of the total sample reported they noticed their
weight increase predominantly around the waist.

Since 27%

had no significant weight gain to note changes/ actually 59%
of those who gained weight noted the greatest distribution
in the abdominal area.

By comparison 3.2% reported t h e

increase in the hip area and 5.4 % noted an lncrease in bot h
hips and waist.

A sizeable portion of the sample (22.6% )

were unable to say what areas were most changed by weight
increases.
The percentage of patients self monitoring their blood
glucose (SMBG) has been increasing throughout the diabetic
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TABLE 4
REPORTED CHANGES IN PHYSICAL ACTIVITY
DURING STUDY PERIOD
CHANGES

N

=

NUMBER

PERCENTAGE

More Active

10

10.8%

Less Active

13

14.0%

No Change

70

75.3%

93
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TABLE 5
FREQUENCY OF HYPOGLYCEMIA REPORTED BY SUBJECTS

FREQUENCY

N

NUMBER
OF
SUBJECTS

PERCENTAGE
OF
SUBJECTS

more than
5 times/week

2

2.2%

3 to 5 times/week

5

5.4%

1 or 2 times /week

18

19 . 4%

rarely or never

68

73.1%

= 93
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population and only 7.5% of this study repor ted they nev er
monitor.

Seventy -four percent moni tor at leas t one time

each day and many do so more often .

The mean was 8. 5 / week

(s .d.= 0 . 50) with a maximum of 3 times each day.

Insul in Therapy
Nine different insulin regimens we r e pre s cribed by t h e
subject's health-care prov iders.
different regimens along wi th
each group .

Tabl e 6 lists the

baseline data on those i n

One way anal y sis of v ariance comparison between

the groups found no two groups are significant ly different
at the 0.050 level.
demographic factors

This included comparison for
(age, sex, race ) as wel l as for dura tion

of d i abetes, self monitoring of blood g lucose, gl y cosylated
hemoglobin values, weight or BMI at the time insulin was
begun.
Since the standardi zed end product f or diabetes therapy
is improvement in glycosyl ated hemoglob ins, Table 7 compares
the initial values with valu es at the end of the six month
period for each of the insu l in regimens . Once again ,
statistical comparison of the groups fi nal glycemic control
found no significant differences in these value s at t he 0 . 0 5
level .
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TABLE 6
COMPARISON BY INSULIN REGIMEN AT BASELINE FOR
DURATION OF DIABETES, GLYCEMIC COMTROL AND BODY MASS INDEX

INSULIN
REGIMEN

DURATION OF
DIABETES
(# mont hs)

GLYCEMIC
CONTROL
(HbAu:)

BODY MASS
INDEX

HS + ORALS
n=25

46 .2
+/ - 31.34

1 0.7

33.1

NPH -AM ONLY
n=4

42.0
+/ - 22.98

NPH -AM / PM
n=3

40.0

+1-

1.71

+1-

+1-

0 .90

31.5
+/ - 5.92

24.98

10 . 9
+/ - 0. 85

36 .3
+- 10.41

1 1.2

+1-

5 . 83

70 / 30-AM ONLY
n=4

+! -

5 6.32

10.5
+/ - 1 . 74

31 . 8
+/ - 7.2 3

70 / 30-AM/PM
n=37

53 . 5
+/ - 48.8 0

11.1
+/ - 2 .3 2

+1-

NPH AM + ORALS
n=9

71.1
+/- 66.72

11.8
+/ - 1.82

31 . 7
+ / - 1 0 . 43

70 / 30 -AM+ORAL
n=3

63.0

+I -

50.1 1

13.8
+/ - 1 .25

29 . 7
+/ - 6 . 11

70 / 30-AM/ PM +
ORALS n=5

63.6
+/ - 54.93

11.1
+/ - 1.87

34 . 0
+/ - 7.07

ULTRALENTE +
ORALS n=3

42.0

10 . 1
+/ - 1. 10

25 . 0
+/ - 1.73

78.3

+! -

21.63

31.9
7.62
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TABLE 7
COMPARISON OF GLYCEMIC CONTROL
BEFORE AND AFTER INSULIN
BY INSULIN REGIMEN

INSULIN REGIMEN

GLYCEMIC CONTROL
BEFORE INSULIN
(HbA 1c)

GLYCEMIC CONTROL
AFTER 6 MONTHS
WITH INSULIN
(HbA 1c )

BEDTIME NPH + ORALS

10.67
±1 . 71

8.83
±2.09

NPH - AM ONLY

11.18
+0 . 90

10.38
+1.30

NPH - AM / PM

10 . 87
±0. 85

8.87
±0 . 81

70 / 30 - AM ONLY

10.45
±1.74

10.40
± 0. 57

70 / 30 - AM / PM

11.08
±2.32

9.32
±1 . 91

NPH - AM + ORALS

11.77
+1 . 82

9.78
±1.99

70 / 30 - AM + ORALS

13.80
+1.25

10.25
±2 .0 5

70 / 30 - AM / PM +
ORALS

11.10
+1.87

9.20
±2 . 3 0

ULTRALENTE + ORALS

10.07
+1.1 0

7.63
±1. 1 5
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Two-thirds of the sample were placed on one of two
different insulin regimens, with 25 subjects on combination
therapy consisting of an oral hypogl ycemic agent along with
the intermediate acting insulin NPH at bedtime.

It was with

this therapy that other researchers had reported a lesser
weight gain and for this study was considered the
experimental group.

The largest group of 3 7 subjects

discontinued oral agents for use of the pre-mixed insulin
70 / 30 taken twice each day , before breakfast and supper.
Because these larger groups allowed for better statistical
evaluations, further specific comparisons are made using
these two groups.
The bedtime insulin (HS) group had a mean age of 56.52
(s.d.=9.24) years compared to 55.76 (s.d.=9 .54 ) ye ars for
the group on 70 / 30 insulin.

Mean duration of diabetes was

slightly less in the HS group with 46.2 months compared to
53.5 months.

The mean initial HbA1c was 10.7 ( s.d . =1. 71 ) i n

the HS group while the 70 / 30 group ' s mean was 11.1
(s.d.=2.32).
(s.d=7.62).

BMI was 33 .12 (s . d=5. 83 ) versus 31. 89
None of thes e va lues were found to differ

statistically at the 0.05 level.
A comparison at approximately 3 months after beginning
insulin used a smaller sample, since many subjects did not
have labs repeated until later.

In addition, 10 individuals

(6 on HS, 5 on 70/30) were included in the 3 month analysis
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that could not be included in analysis at 6 months.

Of t he

17 subjects on HS insulin, the mean change in glycosylated
hemoglobin was a decrease of 1.14 (s.d.=1.27 ) compared to a
decrease of 1.27 ((s.d.=1.50) among t h e 20 subjects on t wice
a day 70 / 30. These decreases were not statistically
different with p=.782.

In the same groups, weight had

increased a mean of 1 . 53 (s.d.=2.53 ) pounds versus 6.2
pounds (s.d.=7.06).

This increase was significant with a

probability of 0.014.
After six months on insulin the same trends continued.
The decreases in glycosylated hemoglobin were 1.5 5 ( s.d=
1.71) compared to 1.84 (s.d.=2.21).

The greater decrease

seen in those on 70 / 30 was not statistically significant
with p= 0.618.

At six months there was a significant

difference (P>.001) in weight gain between the subjects on
HS insulin versus those on 70 / 30.

The HS group showed a

mean gain of only 0.21 (s.d.=4.72) pounds compared to 9.63
(s.d=10 . 48).

Part of this difference is explained b y the

fact that 9 subjects in the HS group actuall y reco rded a
weight loss d uring this period, as well as general l y smaller
weight gains among those who did gain we ight .
A comparison of questionnaire responses between the two
groups found a larger percentage of those on the 7 0 / 30
regimen reported an increase in appetite, with 54.1% versus
only 32% of those on HS insulin. The HS group reported
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greater compliance with d i et before insulin, with 52%
reporting compliance "most of the time"
only 19% of the 70 / 30 group.

or more compared to

Taking insulin t wi ce each day

did appear to impact the attention giv en diet , since 32:4%
of this group reported improved dietary compliance after
starting insulin.
No differences were noted between the groups in either
changes in activity or frequency of hypoglycemia.
Interestingl y, a larger percentage of those on 70 / 30
reported feeling better, with 56.8% v ersus only 44% of the
HS insulin sample.

Comparison of t he results between the

two groups by t-test found this difference to not be
significant with p value of .6129 .

An anal y sis of variance

comparing the subject's perception of changes in how they
feel with changes in glycemic control found no significant
differences (P=.61199) between the groups.

Table 8 c ompares

these two groups with regard to improvement in diabetes
control, as we l l as responses to other factors .
Although a smaller group limits the ability to make
statistical c omparisons, it should be noted that the use of
NPH insulin in the morning in cowbination with oral
hypoglycemics had results closer to those of the twice a day
70 / 30.

These 8 subjects had a mean decrease in

HbA 1c of

1.64; which is comparable to those listed for the othe r
groups.

The weight gain, however, was found to be slightly
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TABLE 8
COMPARISON OF HbA 1c, WEIGHT, DIET, APPETITE, HYPOGLYCEMIA
AND CHANGE IN FEELING BEFORE AND AFTER INITIATING INSULINEVENING INSULIN WITH ORALS VS. TWO 70 / 30 INJECTIONS

EVENING + ORAL

HGA1C

BEFORE
INSULIN

AFTER
INSULIN

BEFORE
INSULIN

AFTER
INSULIN

10.67
71

8.83
+/ - 2.09

11.08
+1 - 2.32

9.32
+/ - 1.91

197.92
+/ -36.68

191.53
+/ -32.96

199.16
+/ -57.67

213.06
+/ -58.91

16.2%

40.5%

+I WEIGHT
REPORTING
USUAL DIET
COMPLIANCE

70 / 30 INSULIN

1.

52%

56%

APPETITE
CHP..NGES

64% SAME
32% UP

37.8%
SAME
54.1% UP

HYPOGLYCEMIA

80%
RARELY

76%
RARELY

REPORTING
FEELING
BETTER

44%

56.8%
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more than for those on twice a day insulin, with a mean
increase of 10.1 pounds (s .d= 9.43 ) .

Re fer to Table 9 for

comparison of both glycosyl ated hemoglobin and wei ght
changes for each of the insulin groupings.
The actual dose of insulin v aried, but usua lly the do se
for those receiv ing insulin twice each day is higher in
total than for those taking insulin once each day .
Regression analysis using total insulin dose in units
compared to weight changes found only a weak correlation
(.38746, p=.0009) between these items.
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TABLE 9
COMPARISON OF GLYCEMIC CONTROL AND WEIGHT
AFTER 6 MONTHS USING INSULIN
BY INSULIN REGIMENMEAN VALUES FOR HbA 1c AND WEIGHT PLUS CHANGE FROM BASELINE

INSULIN
REGIMENS
HS +
ORALS

n = 19
NPH - AM
ONLY
n

= 4

NPH AM / PM
n

= 3

70 / 30

=

MEAN
WE IGHT
(POUNDS )

4

8.83
+2.10

-1.55
±1. 71

191.53
±32.96

+0.21
±4.72

10.38
+1.30

-0.80
±1.73

204.25
±46.13

+9.50
±12.01

8.87
+.81

-2.0
+1.35

245.33
±49.96

+10.33
±2.52

10.4
+. 57

-.05
+1.63

203.75
±62.32

+6 .5 0
±8.1 0

9.32
+1.91

-1.84
+2.21

213.06
±58.91

+9 .63
±10.48

9 . 78
+1.99

-1.64
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CHAPTER V

DISCUSSION
Research results that first appear very pos i tive are
sometimes found less effective when translated to nonresearch situations.

The clinical application of different

treatments in diabetes care can be greatly impacted b y the
motivation, diabetes education and self-care practices of
the individuals involved.

This project attempted to answer

if the use of combination therapy with bedtime insulin would
produce a smaller weight gain than other insulin therapies.
This had been reported in two prospective studies ( 6,68 ) ,
but both included a research population willing to
participate in extensive education and frequent blood
glucose monitoring.

The results in this general clinic

population appear to confirm the hypothesis,

since the

weight gain experienced by this evening insulin group was
significantly less (p=.001) than the comparison gr oup
receiving 70 / 30 insulin twice each day
0.21 +/ - 4.72 vs 9.63 +/ - 1J.48 ) .

(mean weight g a i n

This weight c h ange was

during the period when glycemic control improved by
statistically similar amounts - (1 . 55 +/ - 1.71 vs. 1.84 +/ 2.21)

in both groups.

Probably due to the smaller weight
50
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gain among the evening insulin group, there was not seen the
expected correlation between improvi ng glycemi c control and
weight gain.

This correlation between weight gai n and

improving glycemic control has been frequentl y discussed
with regard to insulin therapy (74,75 )
trial (32).

including the DCCT

This relationship explains why weight gain with

insulin therapy is most significant during the fir st months
of therapy, with one long-term study reporting 63% of the
weight increase in the first 4-5 months on insulin (76 ) .
While glycemic control improved, neither group's mean
HgA 1c met the goal of <8.0.

Of the total sample only 26

individuals' treatment met this goal, with 11 in the HS
insulin group and 10 in the 70/30 group, along with 5 from
among the other treatment options.

This lack of

effectiveness in meeting treatment objectives

lS

unfortunately, consistent with much of the resear ch (77) ,
including one study which reported the mean glycosylated
hemoglobin in the NIDDM group on insulin to be 11 . 8 (2 ) .
This is likely due to a combination of the insulin
resistance among type II diabetics that compli cate s therapy
along with a less aggressive attitude toward diabe tes
control in treatment of older patients.
While the two larger treatment groups were found by ttest to be similar in demographic factors and glycemic
control, there was a difference in the two groups in

52
reported dietary compliance prior to insulin initiation.
However, the significant difference (p=.025 ) between the 52 %
who reported compliance "most of the time" in t h e HS group
and the 18.9% who reported similar compliance in the 70 / 3 0
group before insulin narrowed to a statistically
insignificant (p=.484) 56% vs.45 . 9% after beginning dail y
insulin.

Therefore, this would not explain the significant

difference in weight gains.

It is unlikely that the dietary

compliance issue was a factor in the caregiver ' s initial
decision on type of insulin therapy, since many caregivers
used the same regimen and starting insulin dose in all their
NIDDM patients.
This change in dietary compliance does bring up sev eral
questions for future research .

Was the improv ed emphasis on

dietary compliance a result of the patient's change in
perception of the disease severity?
in diabetes educational programs?

Could this be addressed
Would the same

improvement have taken place if these indiv iduals were only
taking insulin once each day?
One area where c hanges were no ted was the increased
appetite reported b y almost half the t o tal sample .

Thi s was

particularly noticeable in the 70 / 30 group with 54.1%
reporting an increase compared to only 32% in the HS insulin
group.

While weight gain showed only a slight correlate

with changes in appetite (.28737, p=.010 2) , it does raise a
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question.

Could memory be a problem, since this was a

retrospective study and in some cases patients were as ked to
recall appetite changes close to a y ear later ?

Although no

answer is evident from this data, it wou ld be interesting to
look at this question in a prospective study.
The differences in size of daily insuli n dos es did not
prove to be the major factor in the weight changes when
evaluated by regression correlation ( .38746, p=.0009 ).

It

appears that difference in the timing of insulin may have
some impact however.

While combination therapy with bedt ime

NPH caused comparable glycemic improvement with a lesse r
weight gain, combination therapy with morning NPH also
produced similar improvement in HbA1c but an e v en larger
mean weight gain (10.13 +/ - 3.34 pounds) than the 70 / 30
comparison group.

Interestingly, when questi oned on

appetite 77. 8% of this group reported an increase.

It is

tempting to theorize that insulin peaking l a ter in the day
and thereby corresponding to the time when many people have
their main meals might cause an increased consump ti on.
Howev er , this was not ref l ected i n a significant trend i n
answers as to time of day they notic e d increased hunger,
although middle of the day and afternoon were the most
frequent answers in all groups.

In addition, t he small

sample size here (n=9) makes it dif fi cult to draw any
conclusions.
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Weight gain with initiation of insulin therapy or
improved glycemic control is sometimes blamed on treatment
of hypoglycemia, but there was no significant correlation
between frequency of hypoglycemia symptoms and we ight gain
(correlation .08833, p=.4389 ) .

Comparison between the two

groups found 75.7% of the 70/30 group versus 80% of the HS
group reported hypoglycemia rarel y or neve r.
The emphasis on dietary education in diabetes appears
to be warranted by these results, although differing insulin
regimens admittedly had the greater effect.

The 5.59 pound

difference in mean weight gain in the total sample at 6
months between those seen by the dietitian and those without
this review was significant (p=0 . 006 ) .

This data is

consistent with other comparisons, including Yki- Jarvinen
(6) who noted a gain of 1.2 kg on combination-evening
insulin versus 1.8 to 2 .9 kgs in other treatment groups.
Although not statistically significant, it should be pointed
out that the HS group who had dietary review actually
reported a slight weight loss ( - 0 .9 +/ - 4.75 ) compared to a
small gain (2 .7 +/ - 3.93 ) in those on the same insulin
therapy without th is review.

Alt hough this included any

dietitian appointments for a 9 month period, it should be
pointed out this review might be most effectiv e if timed to
coincide with the change to insulin .

This would allow not
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only reinforcement of diet principles, but also adjusting
meals and snacks to match insulin activity.
The hope in improv i ng diabetes control is not only to
avoid the risk of long-term complications, but also help
these individuals feel better and enjoy a better qualit y of
life in the present.

Overall, 53.8% of the sample reported

feeling better compared to 4 0.9% who felt no difference.
Analysis of variance between changes in glycemic control and
reported changes in how subjects felt found no significant
difference.

Here again the issue of memory could be a

factor, and different results might have been reported if
the subjects had been asked about their feelings at the time
they first began insulin.
Self monitoring of blood glucose is a relatively new
component of diabetes care.

The first American Diabetes

Association Consensus Conferences addressing SMBG was in
1986, but the technology and utilization has improved
rapidly .

One large research sampl e' s results were published

in 1993 and found that among the NIDDM populati o n using
.

l

.

lnSU~ln,

26% monitored at least once a day,

once and 47% never self monitored (78) .

27% l ess than

By compa ris on , this

study found that 74.2% monitored at least once a day while
only 7.5% never monitor.

The difference between the two

studies probably reflect the economic factor in diabetes
care as much as the emphasis place on monitoring by the
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health care providers.

In this sample, the hospital

district provides the machine and strips for monitoring a t a
substantial discount to its patients and thereby remov es the
economic barrier to this aspect of self-care .
The group on ultralente insulin is interesting to no t e,
even though the extremely small sample size (n=3 ) makes a n y
real comparison impossible.

The three subject h ad a simi l ar

mean decrease in HbA1c (2.43 +/ - 1.20 ) with only a small
weight increase of 3 pounds in the first 6 months.

All of

these individuals reported feeling better and perhaps this
simple regimen deserves more research , particul arl y wi th
older subjects.
The focus on weight increases with initiation of
insulin is important, given the role of obesity as a heal t h
risk factor.

The fact that 59% of these subjects who had a

weight increase noticed the weight was distrib uted around
the waist area is particularly noteworthy .

It has been

shown that abdominal fat cells are often larger than t ho se
in other areas of the body and fat c e ll size wa s s h own t o
correlate with postprandia l ol a s ma gl uc o s e a nd i n sul i n
levels in studies (79) .

In addi ti on t o th is nega tive a f fect

on diabetes control, increasing abdominal obesity is
associated with higher risk for heart disease, s t roke,
gallstones, arthritis and hypertension (80 ) .

Therefore, any

way that diabetes control can be improved without a weight
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increase could play an important role in the overall health
status of these indiv iduals in the future.

From these

results it appears that combination therapy with evening
insulin has advantages for many subjects with t y pe II
diabetes and can be an important tool in treatment of this
disease.

CHAPTER VI
SUMMARY
Weight gain is commonly seen in subject's first months
following initiation of insulin .

Any treatments that

improve glycemic control without producing weight increases
would be beneficial in improving the individual's health
risks.

The purpose of this retrospective study was to

identify treatment options that best met these goals in a
non-research clinic population.
The study's results noted two significant points.

The

first is confirming the previously reported results that
combination therapy using oral hypoglycemics along with a
bedtime dose of intermediate acting insulin could improve
blood glucose control with a smaller weight gain than is
seen with other insulin regimens.

The decrease in HbA 1c of

1.55 +/-1.71 in this combination group did not differ
significantly from the decrease of 1.84 +/ - 2.21 in the
group receiving mixed insulin (70 / 30 ) twice each day .

At

the same time those on two injections of 70 / 30 gained 9.6
pounds +/- 10.45 while the combination therapy with evening
insulin gained only .21 pounds +/ - 4.72.

The difference in

these weight changes was statistically significant (p=.01)
58
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The second significant result was in the lesser weight
gain among those with recent dietary re v iew .

Those with

documented diet rev iew by a dietitian gained an a v erage of
3.9 pounds+ / - 9.41 compared to 9 . 5 pounds+ / - 8.14.

This

was a statistically significant difference with p = .0 0 6.
This same trend was evident when compared by different
insulin regimens, but these smaller groups did not result in
statistically significant results .
Differences in weight changes did not appear to be due
to increased hypoglycemia or changes in acti v ity, according
to the subjects's report.

A large part of the sample did

report increased appetite and there was a weak correlation
with weight increase (r=.28737, p=.0102).

Interestingly,

30% of the population reported increased dietary compliance
after beginning insulin.

Among those with a weight

increase, the majority noted that this gain was most
noticeable in the abdominal area.
More specific data on changes in appetite would be
possible in a prospective study and could explain the
differences in weight gains with different t y pes of insulin.
The cause of the major improvement in reported dietary
compliance with insulin therapy also is of interest .
Determining this might help improve the effectiveness of
dietary education.
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~

TARRA..NT COUNTY HOSPITAL DISTRICT

~

r1a:::-c:: 22,

71

JOHN PETER SMITH HOSPITAL

2.99 5

Myra Barbe:::-, M.S., R.D ., L.D.
Nut:::-itional Se:::-v ic es

Dear Ms . Barber:
This letter is to inform you that the Clinical Research Committee
of the Tarrant County Bospital District met on January 4, 1995 and
has reviewed and approved of the clinica l researc h project entitled
"A COMPARISON OF THE EF?ECTS OF VARYING INSULIN REGIMENS IN TYPE II
DIABETICS ON WEIGHT CHANGES A\'ID DIETARY COMPL IANCE" .
Please free to contact Debbie Wilkinson-Faulk , Ph.D., Chairman,
Clinical Research Committee or myself i f you have any questions.

Sincerely ,

Recording Secretary

1500 South Main Street • Fort \'i/orth, Texas 76104 • (8li) 921 -3431
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TEXAS W01viAN'S
UNIVERSITY
C:=:?:C:: : ::
~ ~.:..::: :::_.

.-_·-

yf:•rc. 3::.~::0:::7:5 C.1roj L::
Burleson. Tx

-:- oo: s
.1:9-06 -99 ::.+

Your stucy e:J.titled ".~ Cow.par:son o{ :ie =:::e~:s o{ li:s uii--: Re~ir::e~s i.::!. T:<ce II
Diabetics on \\/e!g!J.t C~a!:ges and Die~.:.ry Compliance ·· h2.s be=:: :-e·.'ie·.ved 'oy :1 CCLJ:l itt e~
oftbe Ht:man Suoje:::s Re·:iew Com.rr:.ittee :me appe:lrs ;o r:r.eet o ur require::1e:1ts ~ re~ a rd
to prote:::ion of individuals' ri~"ts.
Be re:tinced chat both the 1:...7niversity and the Deparrr:1e:n ofHeaJL'l and Hu.-7.an Ser;ices

(EHS) regulations typic:1lly require mat agenc:' approval le:te:-s anc signatures illcicat::'.g
iniorm.ed coilSent be obta.i!:ed from all ::nu:1an subje:::s in your study . Tnese re l O 'oe fiie::i
with ;:he Hum::.:: Suoje:::s Review Co:w.m.ittee. Any excep tion to this require::-:e:lL is :J.Oted
below. T.nis 3-~:=~ovai is valid one yez.r from the date of this i e~~e:. F~rlle::nore. ~c::arC:i..TJ.g
to HES regulauons. another review 'oy the Com.,.,ittee is re:;:_ulred if your ;:roje::: c::anges.
Spec:al provisions pe=taini:lg to your smciy are noted be!ow:
Tne :Uing ofsignatu.res ofsuoje:::s witl::. the Hwm.n Subje::ts Review C om.r:J.ittee :s :J.ot

recui.red.
Othe::

_x_

No spe:::al ?revisions apply.

Si:lce:-e!y )

c~ ·

Gr-d:.:.:J.te Scjool
Dr. Betrr .~ ] ford. )iuti"ition :md F ood Sc:e::ces
Dr. Do~::e C:::!.ji;:a-::"i:J.r.ns, ::"iutrition and rood Scie::ces
,-\ (Jm~~ms 1 :·! i':.Jblic Um~(T'5: ..._... P~·r:•r.::r.i':' .7;r Wo~rn

.:.n E,::;;.;l C:.·.::-or-:::r.r:-_..·:r..7'i~..::::::e ..:.,::en E.::-:::01:-'t'r
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The following questionnaire is part of a research project to
study the effect of starting insulin on an individual's
weight, appetite and daily activities.
If you are willing
to complete these questions, this will indicate your consent
to have your answers included in the project.
No names or
other identification will be included in this research.
Thank you for your cooperation.
Myra Barber,
Diabetes Educator
beeper # 654-8893

# ________________________
DOB __________________________

Race

---------------------

Sex

----------------------

Ht
1)

How long ago were you told you had diabetes?
How long did you take pills for your diabetes?

2)

How many calories were recommended in your diet plan
from the dietitian?

--------------------------

3)

Did you try to follow this diet before you started
insulin?
(a) every day
(b) most of the time
(c) occasionally
(d) seldom

4)

Do you try to
(a)
(b)
(c)
(d)

5)

How often do you monitor your blood
glucose? _____________

6)

When you started on insulin did you have a change in
your appetite?
(a) same
(b) increased
(c) decreased

follow a diet now that you take insulin?
every day
most of the time
occasionally
seldom
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7)

Before beginning insulin, did you generally eat more at
one of these times in the day?
(a) breakfast
(b) mid-morning
(c) lunch
(d) mid-afternoon
(e) supper
(f) night
(g) no particular times

8)

Since starting insulin, what time of day do you find
you are the most hungry?
(a) breakfast
(b) mid-morning
(c) lunch
(d) mid-afternoon
(e) supper
(f) night
(g) no particular times

9)

How often do you have hypoglycemia (low blood sugar)?
(a) every day
(b) 3 to 5 times each week
(c) 1 or 2 times each week
(d) rarely or never
What time of day generally?

10)

Have you been more
insulin?
(a)
(b)
(c)

or less active since starting
more active
less active
no change from before

11)

Do you feel different since starting on insulin?
(a ) better
(b) worse
(c) no change from before

12)

Have you gained weight this year?~--~~-If yes, can you tell if you gained weight around
(a) the hips
(b) the waist
(c) both hips and waist
(d) cannot tell where weight gained
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13)

Before starting on insulin, was y our blood sugar
(a)
higher in the morning than in afternoon
(b)
higher in the afternoon than in morning
(c)
about the same morning and afternoon
(d)
do not know

Started on insulin
---------------------------Primary caregiver__________________________
___
Insulin:

NPH
pm______________________
am,_------------------am/ pm._________________
70 / 30
am/ pm._________________

Oral Agent:

Glipizide--------Glyburide ________

before__________________
after____________________
f / u.___________________
Weight:

before__________________
after____________________
f / u.___________________

Dietitian: dates

