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It is my distinct pleasure and privilege to accept
your invi tat ion to del iver the Professor M.
Viswanathan Memorial Oration for the Research
Society for Study Diabetes in India (RSSDI).
Professor Viswanathan was a relentless crusader
against diabetes and has been acknowledged as the
“Father of Diabetology” in India.  I am truly honored
and humbled to be recognized to give this oration,
bearing the name of a great clinician, educator and
researcher in the field of diabetes.

I am sure that certain aspects of compliance with
diabetes treatment are unique to the United States
of America (USA).  However, many of these
compliance issues are similar between the USA and
India.  I will begin by describing the public health
problem of diabetes in the USA and how the patient-
physician relationship, metabolic syndrome of type
2 diabetes and controversies affect compliance in
diabetic regimen.  I will then share with you the
results of our ongoing Diabetes Outcomes in
Veterans Study (DOVES).

In the USA, diabetes is approaching an epidemic
proportion.  It is estimated that in the year 2002 over
16 million Americans will have diabetes mellitus.  Of
these, approximately 6 million Americans are
undiagnosed (1).  The majority of these patients
(90%) suffer from non-insulin dependent, type 2
diabetes.  The majority of type 2 diabetic patients
will fail to respond to diet and oral agents and will
eventually require insulin therapy to control
hyperglycemia.  Diabetes is the 7th most prevalent
cause of death in the USA.  The cardiovascular
complications are a major cause of mortality and
hospitalization in these diabetic patients.  In the USA,
diabetes is the leading cause of blindness and
accounts for 50% of non-traumatic amputations.
Every year, 25% of new cases of end-stage renal

disease originate from diabetes.  In diabetic patients,
age matched mortality is three times higher, the
incidence of macrovascular disease is four times
higher, the incidence of peripheral vascular disease
and gangrene 20 times more likely, and overall
medical costs four times higher than patients without
diabetes.  Thus, the health care cost for this common,
chronic and complex disease in the USA approaches
102 billion dollars per year (2).

Diabetes leads to microvascular complications of
nephropathy, retinopathy and neuropathy, which are
related to duration of diabetes and overall glycemic
control .   Compared with type 1 diabetes,
microvascular complications are less frequent in type
2 diabetes.  The macrovascular complications of
atherosclerotic heart disease, stroke and peripheral
vascular disease are responsible for most of the
mortality in type-2 diabetes.

According to United Kingdom Prospective
Diabetes Study (UKPDS), macrovascular mortality
is 70 times higher than microvascular mortality in
type 2-diabetes (3).  Atherosclerosis is responsible
for over 80% of the mortality in patients with type 2
diabetes, of which 75% is due to coronary
atherosclerosis and 25% is attr ibuted to
cerebrovascular or peripheral vascular disease (4).
Over 50% of the newly diagnosed type 2 diabetic
patients suffer from coronary artery disease.  Of all
the patients hospitalized for complications of
diabetes, over 70% are due to atherosclerosis
complications.  Obviously, our long-term goal should
be to treat diabetes to prevent microvascular and
macrovascular complications.

TYPE 2 DIABETES – A METABOLIC SYNDROME

Type 2 diabetes presents itself as a metabolic
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syndrome with a spectrum of hyperglycemia, obesity,
insul in resistance, hypertension, complex
dyslipidemia, atherosclerosis, and endothelial
dysfunction.  It is well known that obesity plays an
important role in the development of insulin
resistance and thus, type 2 diabetic metabolic
syndrome.  In 1991, only seven states in the USA
had obesity rates over 15%.  By 1998, 45 of 50 states
have obesity rates over 15%.  No wonder the
incidence of type 2 diabetes is also proportionally
increased in the USA.  It has been observed that the
android type of obesity is frequently associated with
hypertension, type 2 diabetes, and coronary artery
disease (5-7).  A link between type 2 diabetes,
coronary artery disease, and hypertension appears
to be hyperinsulinemia and insulin resistance.
Furthermore, evidence supports the hypothesis that
insulin resistance may play a major role in the
pathogenesis of hypertension, obesity, type 2
diabetes and links them to increased risks of
coronary artery disease (8-13).  From these
observations, it is obvious that in type 2 diabetic
patients, glycemic control, weight reduction and
control of hypertension and hyperlipidemia are
essential in reducing long-term complications.

Since our goal is to prevent microvascular and
macrovascular complications of diabetes, are we
treating type 2 diabetic patients optimally?  Our
personal experience and data from literature suggest
that optimal glycemic control is not achieved in many
type 2 diabetic patients.  A significant proportion of
adults in the USA with the diagnosis of type 2
diabetes have a hemoglobin A1c (HbA1c) above 8.0%
(14).  Why do we fail to achieve near-normal glycemic
control in type 2 diabetic patients?  Frequently, non-
compliance of the diabetic patient has been blamed
for the treatment failure.  However, attributing
treatment failure to the patient’s improper behavior
and non-compliance may be unjust (15).

COMPLIANCE AND ADHERENCE

Frequently,  in medicine, compliance and
adherence are used as interchangeable terminology.
It has been reported that, in general, diabetic patients
are non-adherent to their treatment and only a small
number of diabetic patients were found adherent or
compliant with all aspects of diabetic care (16-17).
The adherence to different aspects of diabetes care
has been variable.  For example, adherence to an
exercise program varied from 19% to 30% (18-19),
accuracy and frequency of taking insulin varied from
20% to 80% (17, 20), and home blood glucose
monitoring varied from 57% to 70% (17, 21).

One can define compliance as “the extent to
which a person’s behavior coincides with medical
or health advice” (22).  For diabetic patients,
“behavior” is taking oral medications and/or insulin
injections, following diets, performing home blood
glucose monitoring and making several lifestyle
changes.  The word compliance indicates that
patients obey physicians’ instructions.  The patient’s
conformity to medical goals are defined by their
physicians, whereas adherence “characterizes the
patients as independent, intelligent and autonomous
people, who take more active and voluntary roles in
defining and pursuing goals for their medical
treatment” (23).  Alternatively, adherence might be
defined as “the degree to which a patient follows a
predetermined set of behaviors or act ions
(established cooperatively by the patient and
provider) to care for diabetes on a daily basis” (24).
Thus, the health care provider, inclusive of physician,
plays an equally important role in achieving patient
adherence to diabetic treatment regimens.  Although
many factors are responsible for metabolic control
in type 2 diabetes, for the purpose of this
presentation, we will review four specific areas as
they relate to adherence of diabetic regimens.  These
include: a) the patient-physician relationship; b)
controversies in achieving glycemic control; c)
diabetes knowledge, exercise and diet; and d) utility
of home blood glucose monitoring to predict glycemic
control, hypoglycemia and hyperglycemia.

PATIENT-PHYSICIAN RELATIONSHIP

The interaction between the physician and patient
is important in the management of type 2 diabetes.
It is not uncommon that poor communication
between the patient and physician may lead to poor
compliance.  In a survey of diabetic patients and their
primary care physicians, a significant dissociation
was observed between what physicians thought they
recommended and what patients understood.  For
example, 78% of physicians reported that they
recommended HbA1c test, but only 33% of patients
stated that their physician recommended the test.
Similarly, 95% of physicians reported that they
referred their patients to an eye specialist, yet only
43% of the patients thought their primary care
physicians did so. (25). Physicians should also
understand cultural, economic and geographic
features of the community in which the patient lives
before recommending a diabetic regimen.  In a rural
community,  access barr iers l ike distance,
transportation and society’s beliefs play an important
role in compliance (26).
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It has been proposed that the quality of the patient-
physician relationship is associated with adherence to
diabetes treatment (27).  These investigators used the
attachment theory of Bowlby (28) who proposed that
individuals internalize earlier experiences with their
primary care providers and determine whether they are
worthy of care (view of self) or whether others, i.e.
physicians, can be trusted to provide care (view of
others).  Four attachment categories have been
identified in adults: secure, dismissing, preoccupied and
fearful (29).  Diabetic patients with a dismissing
attachment had significantly worse glucose control than
diabetic patients in the other categories (27). These
patients with a dismissing attachment develop a positive
view of self and become compulsively self-reliant.  They
develop a negative view of others and, therefore, they
are uncomfortable being close to or trusting others.
Among diabetic patients with a dismissing attachment
style, those who rated their patient-physician
communication as poor had, even significantly higher
HbA1c than those who rated their communication as
good (27). Thus, the patient-physician relationship plays
an important role in the compliance of diabetic patients
in their overall diabetic regimen.

CONTROVERSIES

Many primary care providers believe that intensive
glycemic control of type 2 diabetic patients is risky,
expensive, burdensome, time-consuming and
inconvenient to patients and providers.  Therefore, if
the primary care providers are not convinced about
benefits of intensive glycemic control, they many not
help their patients achieve proper glycemic control.
Many primary care providers cite a deleterious effect
of insulin during intensive treatment of diabetic
patients.  It is well known that, invariably, diabetic
patients gain weight following insulin therapy (30-31).
In most patients, this weight gain is limited to a few
pounds.  However, even a small degree of weight gain
in an obese type 2 diabetic patient, who is motivated
to lose weight, can create conflict in achieving his or
her desired goal.  The hyperinsulinemia caused by
insulin treatment in obese type 2 diabetic patients
may perpetuate the deleterious effect of insulin and
insulin resistance by triggering and increasing
cardiovascular risk factors (32-33).  Furthermore, the
degree of hyperinsulinemia caused by insulin
treatment predicted major vascular complication in
type 2 diabetic patients (34).  The price one must
pay for t ighter glycemic control  is frequent
hypoglycemia (35-37).  In the Diabetic Control and
Complication Trial (DCCT), more than 50% of
hypoglycemic events following insulin treatment

occurred during sleep (38).  Recurrent hypoglycemia
can result into cognitive dysfunction and non-
cognitive psychological abnormalities (39-41).  Also,
it has been shown that insulin therapy in type 2
diabetic patients has been associated with significant
elevation of both systolic and diastolic blood
pressures (42).  These potential adverse effects of
insulin, especially recurrent hypoglycemia, may
cause reluctance to intensive glycemic control by
diabetic patients and their physicians.

The DCCT study showed that in type 1 diabetic
patients, intensive glycemic control significantly delayed
the onset and slowed the progression of microvascular
complications. However, macrovascular complications
were reduced, but not significantly, presumably due
to low incidence of macrovascular complications in
young patients (36).  Similarly, under UKPDS, the
intensive treatment in type 2 diabetic patients overall
benefited “diabetes-related events” due to improved
microvascular complications outcomes.  However,
diabetes-related mortality and all-cause mortality
were not improved.  In UKPDS, macrovascular
events outnumbered microvascular events, and
cardiovascular mortality was not significantly
reduced (3).  In contrast, a pilot trial of 110 type 2
diabetic patients in the Kumamoto study from Japan
showed clear benefits of intensive treatment in
reducing overall microvascular and macrovascular
complications (43).  However, findings from this
study may not be applicable to type 2 diabetic
patients of Veterans Administration (VA) Medical
Centers in USA because patients in the Kumamoto
study were younger.  In addition, patients in the
Kumamoto study were more insulin sensitive, their
mean BMI was 21, (versus 31 in VA patients) and
they had no hyperlipidemia, hypertension or ECG
abnormalities, whereas 90% of type 2 diabetic
pat ients seen in the VA cl inics have these
abnormalities.  Projecting the estimates of the DCCT
in type 1 diabetic patients to a younger type 2 diabetic
patients, a significant risk reduction in the risk of
blindness and renal failure would occur by reducing
HbA1c from 9% to 7%.  In contrast, newly diagnosed,
older type 2 diabetic patients would have relatively
minor lifetime risk reductions of either blindness or
renal failure by intensively treating hyperglycemia
and reducing HbA1c from 9% to 7% (44-45).  It has
also been shown that a greater increase in
microvascular complications occurs with an increase
in HbA1c from 9% to 11% than those occurring with
a change of HbA1c from 7% to 9%.  A decrease in
complications in diabetic patients is not a linear
function of decrease in HbA1c, i.e. tighter glycemic
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control (45).  Primary care physicians know it is much
easier, less risky, and more economical to control
hyperglycemia at the HbA1c level between 8% and
9% rather than 6% and 7%.  Therefore, for goal
setting of optimal attainment of glycemic control, the
diabetic patient’s primary care physician plays an
important role, which ultimately leads to patient
compliance or adherence.

DIABETES KNOWLEDGE, EXERCISE AND DIET

Many factors have an effect on glycemic control
in diabet ic pat ients.  Depression, cognit ive
functioning, diabetes knowledge, family support,
exercise, dietary habits, l i festyle, treatment
regimens, and access barriers are some of the
potential predictors of glycemic control in diabetic
patients.  Higher diabetic knowledge scores in a
group of older type 2 patients was associated with better
glycemic control when randomly assigned to diabetic
education programs compared with those randomly
assigned to usual care (46).  Similarly, a study of 165
diabetic patients who received outpatient diabetes
education for one week showed a significant increase
in the knowledge score, which was associated with a
significant fall in HbA1c at 6 months (47).

 A comprehensive study was undertaken in 1999
to examine the association between clinical,
demographic, l i festyle, socioeconomic and
psychological variables and clinical outcomes,
including glycemic control and disease outcome in
insulin-treated type 2 diabetic patients.  This
Diabetes Outcomes in Veterans Study (DOVES) was
conducted in the Southwestern United States at the
large VA Medical Centers in Tucson, Phoenix and
Albuquerque (48).  The evaluation of diabetes
knowledge in these type 2 diabetic patients showed
overall poor performance on the knowledge test.  The
knowledge test was positively correlated with years
of education and scores on the Mini-Mental status
exam.  The knowledge score was inversely
correlated with age of the patients and depression
score.  Patients who preferred the English language
scored significantly better than those who did not.
There were significant ethnic differences in the
group.  For example, Hispanic patients significantly
answered fewer questions correctly on the diabetes
knowledge test, were more depressed, and scored
lower in the Mini-Mental status exam compared to
non-Hispanic white patients (49).

In a subset of DOVES study, we evaluated
psychological, clinical and social factors that affect
adherence to American Diabetes Association Dietary

Recommendations (ADA-DR) by 252 insulin treated type
2 diabetic patients.  The manuscript describing findings
in details of this study is under preparation.  In summary,
patients in this study completed an extensive
psychological evaluation of 14 attitudes and behaviors
relating to diabetes care and a food frequency
questionnaire.  The compliance with ADR-DR increased
with age and duration of diabetes treatment, was higher
for those with better self-care skills and adherence to
self-care behaviors.  Better compliance with ADA-DR
was associated with diminishing work hours and living
alone.  Poor compliance with ADA-DR was not related
to psychological factors, diabetes knowledge, literacy,
cognitive functioning or disabilities related to preparing
meals.  Our study suggested that patients at high risk
for dietary non-compliance are younger and married,
have been on shorter duration of insulin treatment,
live in a remote area, and work long hours.  Dietary
compliance is related to self-care abilities, adherence
to self-care and adherence to meal plans (50).  We
believe that efforts to improve dietary compliance
should focus on improving self-care skills and on
providing dietary alternatives for married and working
patients.  Improving motivation or level of knowledge
may not be effective in changing dietary habits in
type 2 diabetic patients residing in the Southwestern
United States.

In another subset of the DOVES study, we
examined psychological barriers to exercise in
insulin-treated type 2 diabetic patients.  The amount
of exercise was significantly lower for those diabetic
patients with extremity ulcers, peripheral vascular
disease, amputation, angina or disability for any
activity more strenuous than routine self-care.  The
poorer perception of long-term benefits, lower
cognitive functioning, the presence of amputation or
angina and disability for activities more strenuous
than shopping, increased the likelihood of low level
of exercise.  Thus, the most influential determinants
for low levels of exercise were diabet ic
complications, disabilities or cognitive dysfunction.
It is unlikely that improving attitudes or motivation
will result in increased exercise levels in sedentary
type 2 diabetic patients unless it is accompanied by
successful  physical rehabi l i tat ion (51).  The
systematic analysis of psychological and behavioral
factors affecting body mass index (BMI) showed that
better perceived adherence to an exercise plan and
greater self-care abilities were associated with lower
BMI. Linear regression showed that patients with
larger BMI met fewer of the dietary objectives of
ADA-DR.  Patients with larger BMI scored lower in
their perceived adherence to self-care and self-care
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abilities, and were more likely to perceive physical
disabilities and barriers to exercise.  However,
obesity in these type 2 diabetic patients was more
likely due to poor dietary habits than lack of exercise
(52).  Details of the findings of psychological barriers
to exercise and psychological and behavioral factors
affecting BMI are described in a separate manuscript
under preparation.

PREDICTING GLYCEMIC CONTROL,
HYPERGLYCEMIA AND HYPOGLYCEMIA

Self-monitoring of blood glucose (SMBG) should
be done by insulin-treated type 2 diabetic patients.
According to the American Diabetes Association’s
recommendations, SMBG should be done frequently
to meet the goals of appropriate glycemic control
and to detect asymptomatic hypoglycemia (53).
SMBG in insulin-treated type 2 diabetic patients is
variable.  In one recent survey, only 39% of those
doing SMBG performed the test daily, whereas less
than 10% reported that they performed the test two
or more times a day (54).  A meta-analysis of eight
randomized trials showed that there was little
evidence that SMBG was effective (55).  Only one
of six randomized trials of SMBG in type 2 diabetic
patients reported favorable results (56).  Although
SMBG was associated with better glycemic control
in two population based surveys (57-58), several
other surveys did not support this observation (59-
62).  It is reasonable to ask whether SMBG is
beneficial and feasible in type 2 diabetic patients and
whether it leads to accurate assessment of glycemic
control and ultimately meaningful improvements in
health outcomes (63).

In a subset study of DOVES, we evaluated the utility
of SMBG in predicting glycemic control, hypoglycemia
and hyperglycemia in insulin-treated type 2 diabetic
patients.  In this observational study, patients were
randomly selected from pharmacy records of active
prescriptions of insulin.  Patients were asked to perform
SMBG four times a day, before breakfast, lunch and
dinner and at bedtime for a period of eight weeks.
Patients returned to clinic at the end of four and eight
weeks of the monitoring period for downloading data
from electronic glucose meter provided by the study.
HbA1c was measured at baseline, at the end 4, 8, 26
and 39 weeks.

Of the group who completed four times a day
monitoring, a simple linear regression showed a
highly significant relationship between mean blood
glucose from al l  8 weeks SMBG and HbA1c
determined at the end of 8 weeks, Figure 1, (r=0.79,

P<0.0001).  The mean SMBG values from week one
or any of the eight weeks provided nearly identical
prediction equations for week eight HbA1c, using only
12.5% of the all eight week glucose values, figure 2,
(64-65).  Hypoglycemia, blood glucose < 60 mg/dl
(3.3 mmol/l) occurred at least once in 53% of
subjects and was detected in 1.7% of all SMBG
values.  Although hypoglycemia was observed at
different times of the day, it was significantly more
likely to occur before lunch.  Hyperglycemia at blood
glucose > 400 mg/dl (> 22.2 mmol/l) occurred at least
once in 43% of subjects and was found in over 1%
of SMBG determinations.  Hyperglycemia at lower
level, blood glucose > 200mg/dl (> 11.1 mmol/l)
occurred at least once in 99% of subjects and was
found in 30% of SMBG determinations (figure 3).
Hyperglycemia at both levels was significantly more
common at bedtime (61).

Compliance for SMBG was defined as the number

Figure 2:  Correlation between Average Blood Glucose
Values in each Patient during First Week of Eight Week
SMBG Period and Hemoglobin A1c at the end of Eight Week
Period.  R = 0.71; P < 0.0001.

Hemoglobin A1C vs. Average Glucose

Figure 1:  Correlation between Average Blood Glucose
Values in each Patient during Entire Eight Week SMBG
Period and Hemoglobin A1c at the End of Eight Week Period.
R = 0.79; P < 0.0001.

Hemoglobin A1C vs. Average Glucose
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of blood glucose readings taken, divided by number
prescribed, i.e. four times a day for eight weeks.
Compliance varied widely from subject to subject.
As a group, compliance remained steady for the first
six weeks and significantly declined in week seven
and eight (66-67).  Intensive SMBG may have had a
beneficial effect on glycemic control.  Linear
regression showed that 8 week HbA1c was inversely
correlated with SMBG compliance (figure 4).

Even though subjects in this study had been treated

Figure 4:  Linear Regression Shows that 8 Week Hemoglobin
A1c is Inversely Correlated with SMBG Compliance.  R = 0.38;
P < 0.0001

with insulin for an average of eight years and were on
a stable diabetic regimen for at least two months,
repeated measures analysis of variance showed a
significant fall in HbA1c during prescribed intensive
SMBG from baseline to eight weeks.  Once the
intensive SMBG was stopped, HbA1c gradually started
increasing and rose to significantly higher level at 39

weeks compared to that observed at 8 weeks (figure
5).  Since patients glycemic control improved during
intensive SMBG (as indicated by a significant decline
in HbA1c) while no change in patient’s weight was
observed nor a change in insulin dose was instituted,
we speculate patients achieved better control by
improving their diet.

In summary, compliance with SMBG is poor and
variable from patient to patient in type 2 diabetes.
Compliance inversely correlated with HbA1c (higher
the compliance, lower the HbA1c).  Intensive SMBG
had a positive effect in improving HbA1c, which
gradually deteriorated once the intensive monitoring
was terminated.  Pre-lunch SMBG is predictive of
patients who are prone to hypoglycemia, as
hypoglycemia was significantly more likely to occur
before lunch.  On the other hand, hyperglycemia was
significantly more common at bedtime and bedtime
SMBG is more predictive of patients prone to
hyperglycemia.  The mean blood glucose value from
any of the 8 week significantly correlated with week
8 HbA1c.  We believe that a tailored, individualized
and parsimonious SMBG schedule may provide
appropriate information for patient needs while being
cost effective and may elicit higher degree of
compliance from patients.  If, in insulin-treated type
2 diabetic patients, the concern is overall glycemic
control, then information can be obtained by SMBG
four times a day for one week.  If the concern is
hypoglycemia, monitoring should focus on pre-lunch
blood glucose.  Alternatively, if the concern is
hyperglycemia, then SMBG should focus on bedtime
blood glucose.  The structured SMBG, per se, may

Risk of Hyperglycemic Event
(Glucose ≥≥≥≥≥ mg/dL) by Time of Day

Figure 3:  Distribution of Hyperglycemic Events, Blood
Glucose > 200 Mg/dl (> 11.1 mmol/L), by the Time of the
Day.  Hyperglycemia of > 200 mg/dl (> 11.1 mmol/L) was
Significantly more Common at Bedtime (P < 0.001)

Hemoglobin A1C vs. Compliance

Figure 5:  Hemoglobin A1c Significantly Declined at End
of Eight Week of Intensive SMBG Four Times a Day (P <
0.0001),  While no Interventions in Insulin or Other
Treatment was Initiated and Body Weight Remained
Unchanged.  Hemoglobin A1c Significantly Increased (P <
0.0005) at 39 Weeks (31 Weeks after Discontinuing
Intensive SMBG)

Hemoglobin A1C by week
In 252 subjects with stable DM type 2
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have a positive effect on glycemic control.  Finally,
compliance and/or adherence to diabetes regimen
is affected by both physicians and type 2 diabetic
patients.  It is important to realize that we (patients
and physicians) can control and alter our desire,
attitude, and action for optimal metabolic control, but
we certainly have no control on consequences that
result from our actions and, therefore, outcomes in
the form of diabetic complications.
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