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PURPOSE:

 

 To summarize current knowledge of interventions
that should improve the care of patients with type II diabetes
mellitus. Interventions lie within the realms of prevention,
screening, and treatment, all of which are focused on office
practice.

 

METHODS:

 

 Review of the literature by a multidisciplinary
team involved in the care of patients with diabetes, followed
by synthesis of the literature into a clinical care guideline.
Literature was identified through consultation with experts
and a focused MEDLINE search.

 

MAIN RESULTS:

 

 An algorithm-based guideline for screening
and treatment of the complications of diabetes was devel-
oped. The emphasis is on prevention of atherosclerotic dis-
ease, and prevention, screening, and early treatment of mi-
crovascular disease. Implementation of these practices has the
potential to significantly improve quality of life and increase
life expectancy in patients with type II diabetes mellitus.
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ype II diabetes is a common condition, affecting 2%
to 3% of the adult population, and up to 20% to 25%

of the elderly population.

 

1

 

 Type II diabetes typically oc-
curs in patients who are over 30 years old and weigh
more than 120% of ideal body weight, and accounts for
90% of all cases of diabetes mellitus diagnosed in the
United States.

 

1

 

 Minorities have a prevalence of type II dia-
betes mellitus that is 2 to 6 times greater than that of
white persons. The morbidity and mortality are higher for
minorities than for white persons, and the rate is increas-
ing.

 

2

 

 The reasons for this disparity remain unclear, but

could include differences in disease severity, comorbidi-
ties, or access to care.

Diabetes has significant associated morbidity. Pre-
vention and treatment of the complications of diabetes
mellitus have the potential to improve quality of life and
increase life expectancy.

 

3

 

 The rate of cardiovascular dis-
ease is markedly elevated among patients with type II dia-
betes, leading to an increased mortality rate compared
with the general population.

 

4,5

 

 In addition, microvascular
complications, which include retinopathy, nephropathy,
and neuropathy, can progress to end-stage outcomes
such as blindness, end-stage renal disease (ESRD), and
amputation. Screening and early treatment for diabetic
complications have been shown to be effective in reducing
the incidence of end-stage disease

 

6,7

 

; despite this evidence,
implementation rates of recommended interventions are
low.

 

8

 

 This frequently leads to ineffective or delayed treat-
ment of complications.

 

9–11

 

 Because optimal diabetes care is
a complex process, we developed a clinical care guideline to
help busy clinicians incorporate prevention, screening, and
treatment recommendations into practice.

 

METHODS

 

A multidisciplinary team was assembled to develop an
evidence-based guideline for the prevention and treatment
of complications of type II diabetes. The multidisciplinary
team included members from endocrinology, family practice,
general internal medicine, obstetrics-gyncecology, nursing,
and postgraduate medicine departments. Team members
have an interest in diabetes care, are experts in diabetes
care, or have experience with guideline development.

The consensus of the guideline development team was
that preventive and screening measures should constitute
the main focus of the guideline. There was uniform agree-
ment that the two major complications of type II diabetes
were macrovascular and microvascular disease. Prelimi-
nary evidence reviewed for guideline development included
studies on type II diabetes felt to be important by the mem-
bers of the guideline team. Consensus statements from ex-
pert panels on hypertension, lipids, and diabetes were ex-
amined, and the references from these statements were
reviewed. Other literature was identified by means of a sys-
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tematic MEDLINE search with the assistance of a reference
librarian. Articles published between January 1976 and
December 1996 were examined. The search began with the
MeSH terms diabetes mellitus and non-insulin-dependent.
The articles identified were then cross-referenced with
each of the topics: retinopathy, nephropathy, neuropathy,
hypertension, lipids, triglycerides, low-density lipoprotein
(LDL), smoking, blood glucose, foot care, self-management,
education, and preconception care. These articles were
further cross-referenced with each of the topics: preven-
tion, treatment, and control. Lastly, experimental and ob-
servational evidence was identified using the identifiers:
clinical trial, controlled clinical trial, randomized controlled
trial, cohort study, multicenter trial, and meta-analysis.
This focused literature search identified more than 500
additional articles relevant to the review.

The abstracts of articles identified were reviewed in-
dependently by each of the authors. Criteria for full re-
view of articles included applicability to the topic being
evaluated, sample size over 30 patients, and duration of
follow-up longer then 3 months. If several articles on the
same topic were identified, randomized controlled trials
were reviewed preferentially over observational or quasi-
experimental study designs. Articles that met these crite-
ria were critically reviewed, and any disagreements were
settled by consensus opinion. Agreement between the au-
thors was nearly universal. Bibliographies of relevant arti-
cles were scanned for other references; however, few addi-
tional articles were identified.

The articles identified for full review were evaluated
by each of the authors, and recommendations for the care
of diabetes were reached through consensus discussion of
the available evidence. Recommendations are depicted in
an algorithm format and accompanied by a discussion of
the supporting evidence (see Figs. 1–3). Each recommen-
dation is classified in terms of the level of evidence based
on study design (randomized, controlled trials; controlled
trials, no randomization; observational studies; and ex-
pert opinion). They are further classified by whether they
are studies of patients with diabetes or are performed on
the general or nondiabetic population. Few of the identi-
fied studies investigated appropriate screening intervals
for each recommendation; however, suggested screening
intervals, based on the consensus opinion of our guide-
line team, are depicted in Table 1.

 

PREVENTION AND TREATMENT OF 
MACROVASCULAR DISEASE

 

Atherosclerotic disease, commonly referred to as “mac-
rovascular” disease, is responsible for more than 50% of
all mortality in type II diabetes mellitus.

 

1

 

 Type II diabetes
is an independent risk factor for the development of athero-
sclerosis.

 

12

 

 The majority of atherosclerotic macrovascular
complications are due to cardiovascular disease,

 

4,5

 

 with the
remaining complications related to cerebral vascular or pe-
ripheral vascular disease. The pathogenesis of the in-

creased rate of atherosclerosis in patients with type II dia-
betes is not completely defined; the relation between
hyperinsulinemia, hyperglycemia, and atherosclerotic dis-
ease is an area of continuing controversy.

 

13–20

 

 The United
Kingdom Prospective Diabetes Study (UKPDS), a large on-
going trial evaluating the efficacy of improved glycemic
control in preventing macrovascular disease,

 

21

 

 may clarify
the relation between insulin levels, glycemic control, and
atherosclerosis. Factors such as hypertension, hyperlipid-
emia, and tobacco use clearly contribute to the risk of
macrovascular disease in patients with type II diabetes.
Therefore, the prophylactic use of aspirin, control of hy-
pertension and hyperlipidemia, and cessation of smoking
are particularly important in patients with type II diabetes
mellitus.

 

Prophylactic Use of Aspirin

 

Meta-analysis and a large, randomized, controlled
trial reveal that people with diabetes receive the same car-
diovascular protection from aspirin as nondiabetic pa-
tients.

 

22,23

 

 Aspirin use in diabetic patients is not associ-
ated with an increased rate of adverse effects as compared
with the general population.

 

23

 

 Although not all of the dif-
ferences in outcomes measured in these studies achieve
statistical significance, there is a trend among all aspirin-
treated groups to have lower cardiovascular event rates
and mortality. Therefore, we recommend preventive use of
aspirin in patients with type II diabetes mellitus who are
aged 50 years or older and/or have other cardiovascular
risk factors,

 

24

 

 provided no contraindications are present.
Although specific dosages have not been compared in clini-
cal trials, the recommended dosage ranges between 81 mg
(1 baby aspirin) and 325 mg/day.

 

Hypertension

 

Hypertension is a significant contributor to the devel-
opment of atherosclerotic disease in patients with type II
diabetes mellitus.

 

25

 

 Untreated hypertension can also lead
to worsening of albuminuria and more rapid decline of the
glomerular filtration rate.

 

26

 

 Therefore, screening and treat-
ment of hypertension are important components of diabe-
tes care.

Persons with type II diabetes develop hypertension at
twice the rate of those without diabetes.

 

27,28

 

 There are ra-
cial differences in the prevalence of hypertension, with Af-
rican Americans having the highest rates of hypertension,
followed by whites, Hispanics, and Asians.

 

29

 

 Data from
the National Health and Nutrition Examination Survey II
(NHANES II) show that the prevalence of people with dia-
betes mellitus with hypertension increases with age; more
than 60% of diabetic patients over 45 years of age are hy-
pertensive.

 

29

 

 The majority of patients have essential hy-
pertension or hypertension as the result of diabetic
nephropathy.

 

30

 

 However, it is important to identify sec-
ondary causes of hypertension in patients who have clini-
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cal signs and syndromes suggestive of other diseases (e.g.,
renal artery stenosis, Cushing’s disease).

No randomized, controlled trials identifying optimal
blood pressure (BP) levels for initiating treatment in pa-
tients with type II diabetes have been completed. A number
of studies performed in the general population support
treatment of a BP greater than 140/90.

 

31,32

 

 Large clinical
trials assessing the effectiveness of antihypertensive medi-
cations often exclude persons with diabetes or fail to ana-
lyze the data separately. Although data regarding the effi-
cacy of treatment for hypertension in patients with diabetes
are limited, the Hypertension Detection and Follow-up Pro-
gram Cooperative Group demonstrated that antihyperten-
sive therapy in patients with diabetes affords a similar re-
duction in mortality (25%) to that in the overall study
population.

 

33

 

 A recent subanalysis from the Systolic Hy-
pertension in the Elderly Program revealed a 55% reduc-
tion in coronary heart disease end points for diabetic pa-
tients treated with low-dose diuretics when compared with
placebo and antihypertensive drugs prescribed by the pa-
tient’s private physician.

 

34

 

Although the optimal intervals for BP screening in
patients with diabetes have not been determined in clini-
cal studies, we recommend BP measurement at every reg-
ular visit. If a patient has repeated BP measurements of
greater than 140/90 (see Fig. 1), intervention should be
considered.

 

35

 

 In patients with mild hypertension, initial
nonpharmacologic measures including dietary modifica-
tion, exercise, restriction of alcohol, and weight loss should
be attempted

 

36,37

 

; in those who do not respond, or in pa-
tients with moderate to severe hypertension, pharmaco-
logic therapy is indicated. Owing to a lack of evidence,
controversy exists regarding the optimal target BP for pa-
tients with type II diabetes. Expert opinion from the Fifth

Report of the Joint National Committee on Detection,
Evaluation and Treatment of High Blood Pressure (JNC V)
recommends treatment to achieve a BP of less than 130/85
based on the significantly elevated risk of cardiovascular
disease in patients with type II diabetes.

 

35

 

 Aggressive
treatment to a BP of less than 130/85 may be beneficial
for patients with diabetic nephropathy.

 

38,39

 

Angiotensin-converting enzyme (ACE) inhibitors are a
reasonable first-line agent for patients with diabetes be-
cause of their potential benefits to renal function and
lack of adverse effects on lipid and glucose metabolism.

 

40–45

 

The angiotensin II receptor antagonists are effective anti-
hypertensive drugs and do not cause cough.

 

46

 

 Studies are
in progress to assess whether they exhibit the same renal
protective effects as ACE inhibitors.

Low-dose diuretics do not appear to have significant
adverse effects,

 

47

 

 and have been proven to reduce mortal-
ity in patients with diabetes.

 

34

 

 High-dose thiazide diuret-
ics have been reported to have a variety of adverse effects
including worsening of hyperlipidemia, deterioration of
glycemic control, increased mortality, and impotence.

 

48,49

 

The use of other antihypertensive agents should be
based on the specific needs of the patient. Calcium chan-
nel blockers are effective,

 

50

 

 although caution should be
exercised in using the dihydropyridine class as this group
does not appear to have the same renal protective effects
as other calcium channel blockers.

 

51

 

 As a class, calcium
channel blockers have less protective effect on the kid-
neys than do ACE inhibitors.

 

52–54

 

b

 

-Blockers have an important role after myocardial
infarction.

 

55,56

 

 Persons with diabetes have increased postin-
farct mortality when compared with nondiabetic subjects,
and diabetic patients experience greater cardioprotection
with 

 

b

 

-blockade. 

 

b

 

-Blockers may obscure some of the symp-

FIGURE 1. Screening, prevention, and treatment of cardiovascular risk factors in patients with type II diabetes mellitus: hypertension,
hyperlipidemia, and smoking.
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toms of hypoglycemia (although this is rarely a problem in
type II diabetics) and may decrease high-density lipoprotein
(HDL) and increase triglyceride levels.

 

57

 

 

 

a

 

1

 

-Adrenergic re-
ceptor blockers do not have adverse glycemic or lipid
effects, but may aggravate postural hypotension in some
persons with diabetes.

 

58

 

.
Studies reveal that 20% to 60% of patients are not

sufficiently controlled on monotherapy.

 

41

 

 In these cases,
combination therapy of an ACE inhibitor with a low-dose
thiazide diuretic works well, and seems to ameliorate the
metabolic problems seen with either treatment alone, at
least in nondiabetic subjects. Some studies of the combi-
nation of an ACE inhibitor with a calcium channel blocker
demonstrate greater benefits than either agent alone.

 

59

 

The combination of 

 

b

 

-blocker with a thiazide can lead to
an increase in plasma glucose levels and should be used
with caution.

 

60,61

 

Lipids

 

Characteristically, persons with type II diabetes have el-
evated triglyceride and very-low-density lipoprotein (VLDL)
levels, while HDL levels are low. Low-density lipoprotein
levels can also be elevated.

 

62,63

 

 Hyperlipidemia contributes
significantly to the development of atherosclerotic disease
in patients with type II diabetes.

 

62

 

 However, no trials iden-
tifying treatment target levels for HDL and LDL in patients
with type II diabetes have been completed. In addition,
optimal cholesterol screening intervals have not been de-
termined for patients with diabetes. In high-risk, nondia-
betic populations, randomized, controlled trials demonstrate
that lowering LDL leads to a reduction in cardiovascular
mortality.

 

64,65

 

 Because of the high prevalence of coronary
artery disease (CAD) in diabetic patients, the National Cho-
lesterol Education Panel (NCEP) recommends that diabetic
patients be screened annually and treated like patients with

known CAD, with treatment initiated at an LDL level above
130 mg/dL with an LDL goal of less than 100 mg/dL.

 

66

 

Although 3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase inhibitors are effective in lowering LDL
levels,

 

67,68

 

 long-term benefit has not been evaluated in pa-
tients with type II diabetes. Clinical data are limited, but
screening for hyperlipidemia and treatment of elevated
lipid subfractions in patients with diabetes have the po-
tential to similarly reduce cardiovascular morbidity and
mortality. Thus, although studies have not been per-
formed that specifically evaluate patients with diabetes,
because of their markedly elevated cardiovascular risk,
we recommend treating diabetic patients with elevated
LDL levels according to the NCEP guidelines. The first line
of therapy is dietary intervention, followed by the use of
HMG CoA reductase inhibitors when necessary to achieve
target LDL levels (Fig. 1). Nicotinic acid should be used
with caution as it may worsen hyperglycemia.

 

69

 

In patients with diabetes, triglycerides are an inde-
pendent risk factor for the development of atherosclerotic
disease.

 

62,63

 

 Initial therapy should consist of improving
glycemic control with a combination of exercise, dietary
changes, and increased intensity of oral hypoglycemics or
insulin. If these changes are ineffective, then pharmaco-
logic therapy with gemfibrozil should be considered if the
triglyceride level remains greater than 400 mg/dL.

 

62,66,70

 

Gemfibrozil has been shown to be effective in lowering the
rate of cardiovascular, but not overall, mortality in the
general population.

 

71

 

 Subgroup analysis suggests that pa-
tients with type II diabetes may receive greater benefit
from treatment of hypertriglyceridemia; however, the num-
ber of patients studied was small and differences were not
statistically significant.

 

63

 

 Until better evidence is available
for individuals with type II diabetes mellitus, we recom-
mend an unproven yet conservative approach of aggres-
sive dietary intervention and glycemic control followed by
gemfibrozil (when necessary) for hypertriglyceridemia.

 

Table 1. Suggested Frequency of Type II Diabetes Mellitus Screening Intervals

 

*

 

At Each Regular Visit Every 3–6 Months Annually

 

Blood pressure measured for control
(Fig. 1)

Foot inspection performed and areas

Hemoglobin A

 

1C

 

 or glycosylated
hemoglobin measured (Fig. 3
and Table 2)

Smoking status assessed (Fig. 1)
Lipids measured (Fig. 1)
Dilated retinal examination by an eye

of concern discussed (Fig. 2) care specialist (Fig. 2)
Weight checked
Very important self-care actions reviewed

Urine protein assay and, if normal,
screen for albuminuria (Fig. 2)

and reinforced (Table 3): 
Active participation in own care

Monofilament testing of feet
(Figs. 2 and 3)

A

 

1C

 

 or glycosylated Hgb level and
progress toward goal

Other important self-care actions reviewed
and reinforced (Table 3):

Monitoring Hypoglycemia
Medication regimen Hyperglycemia
Exercise patterns Diabetes identification worn
Meal planning Complications screening
Family planning/birth control Foot care
Stress and coping Monitoring injection sites

*

 

Based on expert opinion.
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Smoking

 

Longitudinal cohort studies have shown that smok-
ing and diabetes are synergistic risk factors for the devel-
opment of atherosclerotic disease.

 

12,72

 

 Patients with dia-
betes should be counseled regarding these risks, and all
possible measures should be used to prevent and encour-
age discontinuation of tobacco use (Fig. 1). This includes
enrollment in formal smoking cessation programs and
use of alternative nicotine delivery systems when neces-
sary. The use of nicotine patches is safe in patients with
known cardiovascular disease.

 

73

 

PREVENTION AND TREATMENT OF 
MICROVASCULAR DISEASE

 

Diabetes is the leading cause of new cases of blind-
ness, renal failure, and nontraumatic amputation in the
United States.

 

1

 

 These outcomes are frequently the result
of progression of microvascular diabetic complications in-
cluding retinopathy, nephropathy, and neuropathy. The
risk of developing these complications can be significantly
reduced by interventions that prevent the onset or slow
the progression of early microvascular disease.

 

Retinopathy

 

In type I diabetes, randomized, controlled trials have
demonstrated that improving glycemic control can de-
crease the incidence of diabetic retinopathy.

 

74

 

 Observa-
tional studies in patients with type II diabetes suggest a
similar relation between level of glycemic control and rate
of retinopathy.

 

75–77

 

 Primary prevention of diabetic retinop-
athy, therefore, consists of optimization of glycemic con-
trol. In addition, improving glycemic control slows the
progression of retinopathy in patients who have already
developed background retinopathy.

 

74

 

Progression of diabetic eye disease to proliferative ret-
inopathy and macular edema frequently leads to severe
visual loss. Multicenter randomized controlled trials have
shown that laser therapy of proliferative retinopathy and
macular edema significantly reduces the incidence of vi-
sual loss in patients with diabetes.

 

6,7

 

 Despite the demon-
strated effectiveness of laser therapy, it is estimated that
only 35% to 60% of diabetic patients currently undergo
annual retinal examination.

 

8

 

 While less frequent screen-
ing may be indicated for those considered to be at low risk
of developing retinopathy,

 

78

 

 such as those without reti-
nopathy at baseline and those with excellent glycemic
control, formal risk-stratification based on these clinical
indicators has not yet been widely implemented.

Studies that have evaluated the sensitivity and speci-
ficity of retinal screening show that primary care clini-
cians trained to perform dilated retinal examinations can
detect proliferative retinopathy, but fail to consistently de-
tect macular edema.

 

78

 

 Although the optimal frequency of

screening has not been evaluated by randomized con-
trolled trials, we suggest that all patients undergo annual
dilated retinal examination by a trained specialist (Fig. 2).
Laser therapy for proliferative retinopathy and macular
edema should be performed by trained ophthalmologists.

 

Nephropathy

 

As with retinopathy, optimization of glycemic control
acts as primary prevention of diabetic nephropathy.

 

74,77

 

Aggressive control of hypertension and ACE inhibitor
therapy play a vital role in prevention of renal disease.

Microalbuminuria and proteinuria have been identi-
fied to be early signs of diabetic nephropathy.

 

79

 

 Although
optimal screening intervals have not been determined,
screening for early diabetic renal disease can allow inter-
ventions that lower the rate of progression to overt nephrop-
athy and ESRD.

 

44,45

 

 The current recommended method of
screening for early stages of diabetic nephropathy is out-
lined in Figure 2. This algorithm is based on the level of al-
bumin excretion. Causes of elevated urinary albumin excre-
tion in the absence of diabetic nephropathy include urinary
tract infection, recent exercise, acute illness, hematuria,
and congestive heart failure. It is recommended that urine
be screened for hematuria, urinary tract infection, and
overt diabetic nephropathy with a standard urine dipstick
test prior to screening for early nephropathy.

Overt diabetic nephropathy is classified as a protein-
positive (1

 

1

 

 or greater) urine dipstick test, which repre-
sents macroalbuminuria, or an albumin concentration of
greater than 300 mg/g creatinine. This equates to approxi-
mately 300 mg of albumin excretion per day.

 

80

 

 Dipstick
tests that are negative or show positive traces of protein
should be followed with screening for early diabetic ne-
phropathy, commonly referred to as microalbuminuria.

There are numerous methods of screening for mi-
croalbuminuria. The spot urinary albumin-creatinine ra-
tio is a simple method that negates concerns about mea-
surement errors inherent in 24-hour collections. Because
of significant variation in urinary albumin concentration,
it is recommended that, if the first test for albumin is pos-
itive (

 

.

 

30 mg/g creatinine), the test be repeated for con-
firmation. If the second test is negative, a third test
should be performed. Two of the three tests should be
positive, and other potential etiologies should be excluded
before microalbuminuria is considered present (Fig. 2).

A clinical diagnosis of diabetic nephropathy may be
made when an individual develops albuminuria and ei-
ther has had diabetes for more than 5 years or has evi-
dence of diabetic retinopathy.

 

81

 

 Because other complicat-
ing renal diseases may also cause albuminuria, a person
who does not meet one of the above criteria or has factors
suggestive of other renal diseases (such as active urinary
sediment, nephrotic-range proteinuria, accelerated hyper-
tension, or rapidly progressive renal insufficiency) will re-
quire further evaluation.
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Adequate systemic blood pressure control

 

38,39

 

 and
ACE inhibitors have been shown to independently reduce
the rate of progression of early diabetic renal disease in
randomized, controlled trials of persons with type II dia-
betes.

 

44,45

 

 Other antihypertensive agents (

 

b

 

-blockers, cal-
cium channel blockers) can reduce the rate of progression
of diabetic renal disease, but do not seem to have an ef-
fect independent of blood pressure control.

 

49,50

 

 Some
members of the dihydropyridine class of calcium channel
blockers may increase urinary albumin excretion, and
should be avoided by patients with microalbuminuria and
overt proteinuria.

 

48

 

 ACE inhibitors should be used as
first-line therapy for all patients with diabetic nephropa-
thy unless contraindications are present or side effects
are intolerable.

Aggressive control of BP is of vital importance. Abso-
lute target levels in patients with diabetic nephropathy
have not been well delineated, but there is a clear associ-
ation between BP and rate of progression of diabetic renal
disease.

 

38,39

 

 In nonhypertensive patients with microalbu-
minuria, target dosages of ACE inhibitors or other antihy-
pertensives are difficult to define; because of a lack of
clear evidence, we recommend titrating medications up-
ward to maximal doses or until side effects occur.

Dietary protein restriction appears to slow the pro-
gression of renal disease in patients with type I diabetes.
In type II diabetes, however, protein restriction has not

been consistently demonstrated to be effective in prevent-
ing the progression of early nephropathy.

 

82

 

Neuropathy and Foot Care

 

Patients with diabetes are at increased risk of devel-
oping peripheral neuropathy and diabetic foot ulcers. Dia-
betic neuropathy is reported in more than 50% of patients
who have had type II diabetes for more than 15 years.

 

1

 

Improving glycemic control reduces the incidence of neu-
ropathy in type I diabetes,

 

74

 

 and the epidemiologic litera-
ture suggests a similar association in type II diabetes.

 

77,83

 

Evidence indicates that early detection of diabetic neurop-
athy results in fewer admissions for foot ulcers and am-
putations.

 

84

 

 As shown in Figure 4, sensory testing with
nylon monofilament (10 g) should be done regularly to
identify sensory loss at appropriate anatomic landmarks
of the foot.

 

85

 

 The optimum interval between such exami-
nations has not been determined, but many experts ad-
vise annual testing.

The combination of patient education regarding foot
care and increased surveillance by physicians regarding
foot-related risk factors for amputation has been exam-
ined in a randomized, controlled trial and a cohort
trial.

 

86,87 Each of the studies used a comprehensive pro-
gram of diagnosis (including monofilament testing) and
intervention. Both trials showed a significant reduction in

FIGURE 2. Screening, prevention, and treatment of microvascular complications in patients with type II diabetes mellitus: retinopa-
thy, nephropathy, and neuropathy.
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serious foot lesions; however, the effectiveness of individ-
ual components of the comprehensive programs was not
evaluated (Fig. 2).

We recommend, at each regular visit, that patients
with diabetes have their feet inspected. The foot examina-
tion should also include identifying areas of callus forma-
tion, deformities, including prominent metatarsal heads (or
other bony prominences) and other structural changes.
Orthotic footwear should be prescribed to accommodate
major foot deformities and cushion pressure areas; thera-
peutic footwear for diabetic patients is a Medicare benefit.
For others with less deformity, athletic shoes with suffi-
cient room for the toes and forefoot with cushioned socks
are appropriate.

Patients with abnormal foot examination need educa-
tion regarding optimal foot care, which includes daily in-
spection by the patient and appropriately fitting shoes.88

To minimize the risk of trauma, patients should be coun-
seled to avoid walking barefoot, and those with neuropa-
thy should avoid high-impact exercise and should test the
temperature of hot water before use. A number of drugs

are currently under investigation for the treatment of dia-
betic neuropathy, including aldose reductase inhibitors
(ARIs), which block the conversion of glucose to sorbitol
and nerve growth factors. Recent evidence indicates that
the new, more potent ARIs promote nerve fiber regenera-
tion and prevent slowing of nerve conduction velocity in
diabetic neuropathy.89,90 These drugs are not yet available
for use in the United States.

Painful diabetic neuropathy can be managed with low-
dose tricyclic antidepressants, with the dose titrated as nec-
essary. Careful attention should be paid to the etiology of
painful lower extremities, as mechanical factors, rather than
neuropathy, are often the cause, and may respond to medi-
cations such as nonsteroidal anti-inflammatory drugs.91

A diabetic foot ulcer is defined as any interruption of
the integrity of the skin that extends through the entire
dermis. Should a foot ulcer be found, early treatment
should be undertaken with aggressive wound care, orthotic
prescriptions or casting, pressure relief, and antibiotics
as necessary.92 The indications for antibiotics treatment
of diabetic foot ulcers have not been well defined. Studies
have shown that patients with diabetic foot ulcers have
the best outcomes if managed by a multidisciplinary team
which specializes in diabetic foot care.93

Glycemic Control

The Diabetes Control and Complications Trial (DCCT),
a large randomized, controlled trial performed in patients
with type I diabetes, demonstrated that improving glyce-
mic control substantially reduces the development and
progression of early microvascular complications.74 Ob-
servational studies in patients with type II diabetes melli-
tus have shown that level of glycemic control is associated
with the development of microvascular diabetic complica-
tions.76,77 A single randomized, controlled trial of Japa-
nese patients with type II diabetes has confirmed that the
rate of microvascular complications can be reduced by
improving levels of glycemic control as measured by he-

FIGURE 4. How to use the monofilament. (Source: The Gillis W. Long Hansen’s Disease Center, Carville, La., and Dr. Charles Patout,
Jr. This is a public document. The center is no longer in existence.)

FIGURE 3. Monitoring glycemic control in patients with type II
diabetes mellitus.
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moglobin A1c (or glycosylated hemoglobin), but these pa-
tients tended to be insulin sensitive, and may represent a
different population from that typically seen in the United
States.83 In summary, improving glycemic control appears
to decrease the incidence of microvascular disease in both
type I and type II diabetes; however, the experimental
data are limited on patients with type II diabetes. The ef-
fect of glycemic control on cardiovascular disease remains
uncertain, although studies evaluating this relation are in
progress.21,94 The major risk of intensive control is hy-
poglycemia, which has been an infrequent occurrence (2%
per year) in an ongoing trial of aggressive glycemic control
in type II diabetes.21

Hemoglobin A1c, hemoglobin A1, and total glycosylated
hemoglobin (GHb) are accurate measurements of long-
term glycemic control.95–97 To facilitate glycemic manage-
ment, we recommend that one of these indicators be
checked every 6 months in the patient on a stable hy-
poglycemic regimen, and every 1 to 3 months if changes
are being made. These recommendations are based on the
half-life of GHb; studies examining the effect of GHb mea-
surement on glycemic control are in progress. It should be
emphasized that hemoglobin A1c, hemoglobin A1, and
GHb have different normal ranges, and various laborato-
ries use different measures; each laboratory should pro-
vide this information to clinicians.

A GHb goal or target level should be discussed and
agreed on by the patient and the primary care provider at
the initial patient visit (Fig. 3 and Table 2). Several factors
must be considered for each patient when selecting glyce-
mic target levels. For young, healthy patients, the possibil-
ity of eventually developing advanced complications (e.g.,
blindness, ESRD) should be of major concern, and in gen-
eral, tight control should be advocated. However, in the
presence of factors that affect the benefit and risk of glyce-
mic control, it is less clear whether tight control is worth
the associated risk and lifestyle modification. As depicted
in Table 2, target glucose levels for patients with type II di-
abetes must be individually determined based on factors
that affect the risk-benefit ratio of tight control. The actual
target level of glycemic control selected for each person
with type II diabetes mellitus must represent a balance
among the patient’s self-determined diabetes care goals,
the likelihood of benefit from attaining those goals, and the

risks associated with the therapy required to achieve those
goals. Once a glycemic target has been established, adjust-
ments in diet and, if necessary, medications should be
made until the target has been reached. Targets need to be
reassessed on a regular basis, as the circumstances of
each patient will change over time.

Glycemic Management

Diet and exercise are the cornerstones for the man-
agement of hyperglycemia in type II diabetes mellitus. Pa-
tients who do not achieve adequate glycemic control with
an individualized meal plan and exercise program are can-
didates for pharmacologic therapy. Pharmacologic treat-
ment options include oral administration of a sulfonylurea,
a biguanide (metformin), a-glucosidase inhibitor (acarbose),
a thiazolidinedione (troglitazone), and subcutaneous insu-
lin. Even after pharmacologic therapy is instituted, careful
attention must be paid to diet and activity.

Diet and Meal Plans

Meal planning for people with type II diabetes repre-
sents both first-line therapy and a cornerstone of their
ongoing care. Although weight loss has traditionally been
the primary focus of meal planning for people with type II
diabetes, current dietary strategies and even very low cal-
orie diets have not generally been effective in achieving
long-term weight reduction.98 Therefore, it is recom-
mended that medical nutrition therapy in type II diabetes
emphasize achieving glucose, lipid, and BP goals.98

There is no one “diabetic” diet. The diet currently rec-
ommended by the American Diabetes Association is de-
fined as a dietary prescription based on a nutrition assess-
ment and designed to help the patient reach treatment
goals.98 Ongoing medical nutrition therapy provided by a
dietitian is effective for achieving metabolic and other
clinical outcomes in type II diabetes.99 Referral to a dieti-
tian is recommended at diagnosis and annually.100

Moderate weight loss by persons with type II diabetes
can reduce hyperglycemia, dyslipidemia, and hypertension,
even when desirable body weight is not achieved.101–103 It is
currently recommended that providers emphasize reason-
able rather than ideal or desirable body weights.104 Rea-

Table 2. Factors That Affect the Benefit and Risk of Tight Glycemic Control*

Factors Limiting Benefit of Tight Control Factors Heightening Risk of Tight Control

Comorbidities (e.g., end-stage cancer,
congestive heart failure)

History of severe hypoglycemia (inability to treat without assistance):
any episodes within the past year and/or more than 2 episodes ever

Advanced diabetes complications (e.g., proliferative
retinopathy, ESRD)

Hypoglycemia unawareness
Advanced cardiovascular or cerebrovascular disease

Inability to carry out treatment regimen (e.g., financial
constraints, availability of needed supplies)

Limited life expectancy

Autonomic neuropathy (especially cardiac)
Comorbidities/medications that impair the detection of hypoglycemia

(e.g., b-blockers, CNS-acting drugs, alteration in mental status)
Lack of mobility or lives alone

*Based on expert opinion.
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sonable body weight is defined as the weight that is
viewed by the individual with diabetes and the health care
team as one that is achievable and maintainable both
short and long-term. For some individuals, even those who
are overweight, this may be current weight or a weight 5
to 10 kg less than the current weight.104

Other strategies such as spacing of meals through-
out the day,105,106 regular exercise,107 and learning new
behaviors108 can facilitate weight management and meta-
bolic control. No one meal-planning method can be uni-
formly recommended for all people with type II diabetes. A
nutritionally adequate meal plan focused on achieving
metabolic and other goals can be provided using a healthy-
food-choices approach, the exchange system, or carbohy-
drate counting.98

Sulfonylureas

Traditionally, sulfonylureas have been used as first-
line therapy for patients with NIDDM in whom nonphar-
macologic therapy has failed.109 Today the shorter-acting
second-generation sulfonylureas are preferred over the
earlier agents, such as chlonpropamide, which could cause
hypoglycemia that was prolonged. Sulfonylureas act pri-
marily by increasing pancreatic insulin secretion, but
may also increase insulin receptor sensitivity.110 Patients
may be treated with a sulfonylurea starting at a low dose
that can be increased as necessary at weekly intervals
until satisfactory glycemic control is achieved or the high-
est recommended dose is reached. If the patient has not
achieved his or her glycemic goal at a maximal sulfonyl-
urea dose, combination therapy with metformin, acar-
bose, or insulin should be considered.

Biguanides

Metformin, a biguanide, may also be selected as a
first-line pharmacologic treatment for patients with NIDDM
in whom nonpharmacologic therapy has failed.111,112 Met-
formin lowers blood glucose by increasing peripheral in-
sulin sensitivity and decreasing hepatic glucose produc-
tion.113 Metformin should be avoided in patients with
renal, hepatic, or cardiac failure. Gastrointestinal side ef-
fects, including anorexia, nausea, diarrhea, and abdomi-
nal discomfort, are seen in up to 30% of patients. A begin-
ning metformin dose of 500 mg per day will reduce these
side effects and may be increased by 500 mg per week to
a maximum dose of 2.5 g per day. If the patient has not
achieved his or her glycemic goal at the maximum met-
formin dose, combination therapy or a change to insulin
should be considered.

a-Glucosidase Inhibitor

a-Glucosidase inhibitors such as acarbose may also
be used as monotherapy in conjunction with diet to lower
blood glucose.114 Acarbose slows the digestion of ingested

carbohydrates, delays glucose absorption into the blood-
stream, and decreases postprandial blood glucose. The
initial dose is 25 mg three times a day and should be
taken with the first bite of each main meal. Gastrointesti-
nal side effects including pain, flatulence, and diarrhea
are common; although these effects usually diminish over
time (4–8 weeks), they frequently lead to discontinuation
of the drug. Some experts advocate starting at a lower
dose (25 mg once a day) to minimize the initial side effects
and increase compliance. The maintenance dose may be
titrated to 50 to 100 mg three times per day.115

Thiazolidinediones

The thiazolidinediones are a new class of oral agents
designed to enhance the actions of insulin.116 Troglita-
zone, the first drug in this class marketed in the United
States, is currently approved for use in patients with type
II diabetes on insulin therapy whose hyperglycemia is in-
adequately controlled despite multiple daily injections. To
date, troglitazone has not been approved for use as a
monotherapy or in combination with other oral agents, al-
though studies are ongoing and it may be approved for
broader indications in the near future.

Thiazolidinediones lower blood glucose levels by im-
proving sensitivity to insulin in muscle and adipose tissue,
and by inhibiting hepatic glucose production. Short-term
trials in patients with type II diabetes have demonstrated
reductions in fasting and postprandial glucose levels and
insulin levels. Troglitazone has been associated with liver
function abnormalities, slight reductions in hemoglobin and
white cell counts, possibly related to dilutional effects, and
resumption of ovulation in premenopausal anovulatory pa-
tients with insulin resistance (polycystic ovary syndrome).
The latter patients may be at risk of pregnancy.116,117 Tro-
glitazone is usually started at a dose of 200 mg/d, and
over 2 to 4 weeks can be titrated to 400 mg/d. The maxi-
mal dose is 600 mg/d. Caution should be used when ti-
trating as troglitazone, in combination with insulin, can
produce hypoglycemia; the dosage of insulin should be re-
duced by 10% to 25% when the fasting blood glucose falls
to less than 120 mg/dL.

Bedtime Insulin/Daytime Sulfonylurea Therapy

Bedtime insulin/daytime sulfonylurea (BIDS) therapy
may be considered for patients who do not achieve glyce-
mic goals despite maximum doses of oral agents.118 Met-
formin is discontinued, and the patient is continued on
daytime sulfonylurea at a maximum dose. Self-monitor-
ing of blood glucose is intensified and NPH insulin is
added at bedtime. The usual starting dose of insulin is
0.3 units/kg of body weight with ongoing adjustment of
therapy to achieve glycemic goals. In the Veterans Affairs
Cooperative Study on Glycemic Control and Complica-
tions in Type II Diabetes, a mean insulin dose of 64 units
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was required to achieve glycemic goals in patients who
were able to remain on BIDS therapy.20

Insulin

If combination therapy fails to achieve the patient’s
glycemic goals, treatment can be changed to daily insulin
injections. Therapy should be intensified as needed with
twice-daily split/mixed insulin, three times daily insulin
therapy, or multiple daily injections to achieve glycemic
goals.20,119 Rapid-acting insulin is a new agent that is be-
ing used to achieve tight glycemic control in patients with
type I diabetes; however, its role in type II diabetes is not
yet defined.

Pregnancy and Preconception Counseling

Diabetes mellitus can significantly increase the risk
of morbidity for the pregnant woman and the fetus or neo-
nate.120 A significantly higher incidence of congenital
anomalies occurs when maternal glycosylated hemoglobin
in the first trimester is elevated.121 The effects of precon-
ception care for diabetic mothers have been examined in
nonrandomized, clinical trials, and observational studies
in patients with type I diabetes. These studies demon-
strate that preconception care for diabetic mothers can
reduce the incidence of malformations from approxi-
mately 9% to 2%, a rate similar to that observed in infants
of mothers without diabetes.120–127

Because of the increased risks associated with sub-
optimal preconception care, type II diabetic women who
are of childbearing potential should receive preconception

counseling. Preconception counseling and optimization of
glycemic control in women with diabetes mellitus results
in optimal maternal and fetal outcomes.128 However, less
than 20% of women with type I and type II diabetes re-
ceive prepregnancy care.129 Women who are planning to
become pregnant should be counseled regarding the in-
creased risks of pregnancy, the genetics of diabetes, the
changes in lifestyle necessary (i.e., a personal commit-
ment to diabetes care by the woman and family), and the
possibility of hospitalization during pregnancy. Women
not currently planning pregnancy require general infor-
mation regarding the risks of pregnancy and the need for
prepregnancy planning. The importance of preventing
pregnancy by establishing an acceptable method of birth
control should be emphasized.

In pregnant women with diabetes, specific attention
should be given to diet and exercise programs to allow ad-
equate nutrition and optimal weight. As with all women
contemplating pregnancy,130 folic acid (400 mg/d) should
be prescribed before pregnancy. Cessation of tobacco, al-
cohol, illicit drug, and caffeine use should be emphasized.
In addition to usual prenatal care, the management plan
should include discontinuation of oral hypoglycemics
(which cross the placenta and cause severe hypoglyce-
mia)109 and ACE inhibitors (which can be teratogenic)131

and initiation of insulin therapy, with a plan of achieving
blood glucose or GHb in the normal range.

Self-Management Education

At the time diabetes mellitus is diagnosed, the patient
should be given extensive information about the disease

Table 3. Self-Management Topics*

At each regular visit (e.g., every 3–6 mos) ask about:
Active responsibility. Do you take active responsibility for your own daily diabetes care? (Demonstrate through words and 

actions that diabetes is a serious illness.)
Glucose goal. Do you know your most recent glycosylated hemoglobin level and your progress toward your goal level?
Blood glucose monitoring for patients on insulin. Do you know (1) the rationale for monitoring your blood glucose (sick day 

management, insulin dose adjustments), (2) your monitoring schedule, (3) how to use the results? How do you use this 
information in your daily diabetes care?

Medications. What time of day do you take your pills or insulin each day? Do you take them even if you are ill and unable to 
eat? What are your current doses?

Exercise. What exercise do you do to help keep your blood glucose level close to normal?
Meal plan. Are you able to use your meal plan?
Stress and coping. Are you feeling more stressed than usual? How do you cope with this stress?
Questions answered. Do you (1) have unanswered questions, (2) want to see the dietitian or nurse educator, (3) have any 

concerns you would like to address?

At least annually, ask about:
Emergency situations. What are the (1) symptoms and treatment for hypoglycemia, (2) what are the symptoms and treatment 

for hyperglycemia, (3) when should you contact staff?
Identification. Do you wear or carry diabetes identification?
Complications screening. Do you know (1) your results on screening tests for complications, (2) when you should be

tested next?
Foot care. (1) What do you do to take care of your feet? (2) Do you check your feet each day?
Injection sites. Do you rotate your injection sites around your abdomen and inspect sites?

*Based on expert opinion.
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and its management, including the importance of self-
management. Meta-analyses and reviews of the diabetes
literature have shown that diabetes self-management ed-
ucation is effective in improving knowledge, skill, self-care
behaviors, psychosocial outcomes, and metabolic con-
trol.132–139 A recent epidemiologic study from Italy found
that limited access to care and lack of an educational in-
tervention led to an increased risk of developing the com-
plications of diabetes, while self-management of insulin
had a protective effect.140 Other studies have shown the
benefits of diabetes foot care education in preventing ampu-
tations,87,141 and the efficacy of ongoing nutritional care.142

Self-management education is most effective when
presented in collaboration with a provider who can rein-
force this information.134,143,144 Therefore, an important
part of the primary care provider’s role is to review and
update the information the patient needs to manage the
disease, ascertain the extent to which the patient is man-
aging the disease appropriately, reinforce self-manage-
ment behaviors, and refer to diabetes education programs
or nutritionists.

Table 3 lists important self-management topics and
questions about issues that will help elicit the patient’s
understanding of diabetes care. The entire list may be too
long to go over at every visit, so the topics have been
grouped to ensure that particularly important topics are
checked frequently. However, any topic may be important
at any visit, based on patient- and provider-identified
needs. These topics and questions do not address all ar-
eas of diabetes self-management that have been identified
as important, nor is there scientific evidence that these
brief discussions will lead to improved outcomes. They do,
however, represent content areas that have been identi-
fied as necessary to meet standards for diabetes educa-
tion programs,100 that were based on an extensive review
of the literature,135 and that are prudent and reasonable
for a provider to address during a routine visit.

CONCLUSIONS

Patients with type II diabetes mellitus are at signifi-
cant risk of developing macrovascular disease and mi-
crovascular complications. Clinicians should focus on im-
plementing interventions and providing education to
prevent complications and encourage self-management in
patients with type II diabetes mellitus. This evidenced-
based clinical review incorporates “best evidence” into a
clinical care guideline for busy clinicians. Implementing
the screening, prevention, and treatment recommenda-
tions as outlined has the potential to improve quality of
life and increase life expectancy in patients with type II di-
abetes mellitus.
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