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Introduction And Overview

There are over eleven million diabetics in the United
States. Approximaely 46 %, or five million, of these are un-
diagnosed. Almost50% of these, or2.1million, areoverthe
age of 65 years. The prevalence of diabetes is 2% to 3% of
the American population. Thirteen percentofthe patients
on amedical service in a hospital have diabetes, 7% of the
patientsonasurgical servicealso have diabetes. Diabetes
isthethird leading cause of renalfailure, third leading cause
of death, and the leading cause of blindness.

The podiatric physician often plays an important role in
the diagnosis and management of the diabetic patient.
Because these patients have an overwhelming number of
foot problems, they may seek the care of a podiatrist early
in the course of their disease.

Any one of the classic symptoms of diabetes, recent
weightloss, polydypsia, polyuria, or polyphasia, may be en-
countered on routine historyand physical examination. The
criteriafordiagnosingand labelingdiabetes have recently
changed. The podiatrist needs to be familiar with the two
major types of diabetes, their diagnosis, management, rela-
tiontooperative evaluationandstress, complications,and
the effect of diabetes on wound healing.

Definition And Classification

Diabetes is defined as an elevated plasma glucose due
to insufficient insulin effect. There are two major clinical
groups of people with diabetes: those who are near ideal
body weight, and those who are overweight. Lean in-
dividualsareusuallyinsulin-dependentduetoadecrease
inthe pancreaticbetacellmass. Thisresultsininsufficient
insulin production. Overweight individuals have an in-
crease in the number of beta cells, and in total insulin in
the pancreasearlyinthe course of diabetes. However, this
decreaseswith time. Obesityincreasesthe body’sdemand
for insulin production nearly four times the amount re-
quired foralean person. Thisresultsinagingor “burnout”
of the beta cells (1, 2).

The two major types of diabetes are classified as:

1. Type | diabetes (insulin dependent diabetes
mellitus—IDDM). The literature often refers to this
as ketosis-prone diabetes, or brittle diabetes.
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2. Typeli diabetes (noninsulin dependentdiabetes
mellitus NIDDM). The differences are reviewed
from the basis of etiology and patholagy (3).

Type | Diabetes

The incidence of this disease process is 10/100,000
children, increasing to 16/100000 in adolescence. The
prevalence is 1/500 to 1/1,000 young people. Etiology: there
are probably a combination of three factors(4).

I. Genetics

Thereisastrong HLA (humanleukocyteantigen)associa-
tionwith IDDM. In one study, 98% of IDDM children were
HLA DR 3 and/or DR4 positive (5). HLA DR2 is protective.
The relative risks are:

DR 3 = 5times risk
DR 4 = 7 times risk
DR3/DR4 = 14 times risk

Environmental trigger

Rubella in utero unquestionally causes diabetes in
20%-30% of offspring. All children were DR3, DR4, or DR
7 positive (6). Other causative viruses are still speculative.
The mostlikely explanationis thatmultiple viruses (mumps,
rubella, and coxsackie B4) act as triggers to begin a self-
perpetuating autoimmunity process resulting in cellular
destruction.

Autoimmunity

Anti-pancreatic beta cell antibodies (autoantibodies to
theislet cells), orantibodiestoinsulin are found in 90% of
new onset Type | individuals. Progressive loss of beta cell
functionhasbeendemonstrated withalatencyuptoeight
years before the onset of clinical diabetes (7).

/1. Pathophysiology

Insulin is our primary anabolic hormone involved in a
number of metabolic processes. These include glucose
homeostasisand lipoprotein balance. With food intake, the
levels of insulin increase and help build the body. In the
absence of food, or during times of stress, insulin plays a



critical anti-catabolic role. It limits the rate at which body
constituents break down.

Iftheinsulinblood levelfalls belowthecritical basal level
necessary to serve this anticatabolic role, liver
gluconeogenesis and ketogenesis become unregulated.
Thisresultsin diabetic ketoacidosis (DKA). The normal daily
insulin production by an ideal body weight (IBW) adult, is
33 units. Theindividual who is brittle and prone to ketosis
will produce only 10% of this need, an average of 3 units
per 24 hours (1). It is estimated that one-half to two-thirds
ofthedailyinsulinneedisbasal. Thisbasal need hasadiur-
nal rhythmwithanincreased need ofinsulinoccurring from
5:00 a.m. to 10:00 a.m. (8). After eating, a further increase
ofinsulinis needed tostimulatethe metabolismofglucose
forenergy,andforthe storage of nutrientsasglycogen, fat,
and muscle.

Type Il Diabetes

The prevalence increases lineally with the obesity of the
population. People who weigh ten pounds less than ideal
bodyweight(IBW), haveaprevalenceof diabetesofaround
1%.In Americawherethe average weightis20 poundsabove
IBW, theprevalenceofdiabetesisnear3%. Incultureswhere
people average 40 to 60 pounds above IBW the prevalence
of diabetes can reach 40% (2, 9).

I. Etiology

Thereis astronger genetic association with Type |l than
with Type | diabetes. Over 50% of the patients have close
familymemberswith diabetes(10). Thegenelocation(s)and
mechanism arestill notknown. Increased work by the beta
cells,because of the extrafattissue, isa key etiological fac-
tor. The pancreas of the obese person must produce near-
ly fourtimes theamountofinsulin, compared with that of
the lean person (114 units per day vs. 31 units per day) (1).
Itislikelythatbetacells havealimited production capacity
and limited reproductive capacity (11). Currently, the peak
onset years are age 40 to age 60. Longer life increase the
liklihood that an individual will contract Type Il diabetes
beforedeath. However, prevention of obesityand extrawork
bythe pancreas bydietand exercise should help decrease
the prevalence of Type Il diabetes.

I1. Pathophysiology

Overweightpatients may requireextrainsulinformultiple
reasons.Thefatmassitselfappearstorequiremoreinsulin
to keep it from breaking down (lipolysis). Fat tissue also
appears to act like a “hog” and get “its share first”. Type I
patients usually can produce enough basal insulin to pre-
vent excessive lipolysis and liver ketogenesis, but this is
insufficientinsulininaninactive, overweightadulttoblock
liver glucogenesisoradequately stimulate muscleglucose
uptake. Increased levels of insulin result in more binding
totheinsulinreceptor,internalization of the receptor plus
insulin, adecreaseinthe numberofinsulinreceptors(down
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regulation), and a decrease in insulin sensitivity (12). For
most patientsweightlossresultsinincreasedinsulinsens-
itivity. Ifaweightloss programis successful throughapru-
dent diet, patients need less insulin and can come closer
tomeetingthe needsofthe bodywithendogenousinsulin.
However, with time most Type |l patients will be unable to
keeptheirblood glucoselevel lessthan 150 mg/dlwith diet
only (10).

Diagnosis, Screening And Monitoring

Thecriteria for diagnosing diabetes mellitus, as defined
bythe American Diabetes Association, has recently chang-
ed. The fasting blood sugar is again the key test; a fasting
blood sugar greater than 140 mg/dlontwo successive trials
makesthe diagnosis. One mayalso makeadiagnosis using
atwohourplasmaglucosegreaterthan200 mg/dl,and one
othervaluefromaglucosetolerance greaterthan200 mg/d!
is required for diagnosis if the fasting glucose is less than
140mg/dl. Obviously, onemayalso makeadiagnosisduring
acute, uncompensated symptoms of diabetes (3).

Thediagnosisofabnormal glucosetolerance, ordiabetes
suspect, may be made using a two hour post-prandial glu-
cose of 140-200 mg/d| and the half-hour, one-hour, or one-
and-a-half hour glucose reading greater than 200 mg/dl.
Thereare many patients now classified as “abnormal GTT”
who were classified diabetic in the past and placed on
medication (3). Many of these patients will be able to stop
all medication without difficulty. The question remains
whether those patients with a fasting glucose lower than
140 mg/d|l need treatment other than diet.

Screeningfordiabetesand peripheral neuropathyisim-
portantforthe podiatricphysician. Theearlywarning symp-
tomsof diabetes: increased thrist, urination,and appetitite,
are frequently not found in overweight individuals with
Type Il diabetes. Office screening for diabetes is now easy
with the glucose oxidase strips. The Autolet, with a small
needle called a Monolet, makes for relatively painless
bloodletting. Within two minutesonecan haveablood glu-
cose reading in the office. Fasting blood sugar should be
under 140and no post prandial glucose should be over 200.

Themain physical examination feature to help the physi-
cian suspect undiagnosed diabetes would be peripheral
neuropathy. It was described in the late 1800s that the 128
tuning fork, sharply struck, was the best way to detect the
neuroapthy of aging or diabetes (13). Every tuning fork is
differentand needs to be standardized for healthy 20 year
olds and healthy 70 year olds. The tuning fork, after a max-
imum strike, is placed upon the patient. If a patient under
50vyears of age feels thevibration ofthe tuning fork lessthan
20seconds,orapatientover50yearsofagefeelsitlessthan
15 seconds, that makes a presumptive diagnosis of a
peripheral neuropathy,and makes diabetes screening man-
datory. Thevibrothisiometerisaninexpensiveinstrument
for quantifying the beginning and end of vibratory sensa-
tion. The vibrothisiometer is recommended if follow-up



examination forchangein neuropathyisneeded. Thermog-
raphy may be a better measure for correlating pain and
measurable abnormalities (14).

Monitoring of diabetes is performed short term by the
patientand long term by the physician. Blood glucose levels
areusually monitored bydiabetic patientsonetofourtimes
daily. Thisisdoneusingglucose oxidasestrips readvisually
(Chemstrip bG or Visidex), or similar strips which are read
quite accurately by a small portable machine such as an
Accuchek or Glucometer. The physician canassaylongterm
glucose control over three to four months by use of the
irreversible binding of glucose to lysine molecules on the
hemoglobin molecule, the glycosylation reaction. For ex-
ample, anormal range for the hemoglobin A1C (Hb/A1C) is
34-61. If the average blood glucose for two months is 100
mg/d|, theresultsonthisassaywould beapproximately6.0%.
If the glucose average was 140 mg/dl for two months, the
assay would return with avalue of approximately 7.0%. For
aglucoseaverage of 220, theassaywould be 9.0%, etc. Since
red cells live approximately 120 days, measurement every
threetofourmonthsisareasonablefrequency(15). Thegoal
for most patients is 75% or less; 150 mg/dl or less as an
average. This can usually beattained without hypoglycemia.
The Hb A1Cislowin hemoglobinopathiesand in conditions
where there is a shortened red cell half-life (16).

Assessing Pre-Operative Diabetes Control

In the known diabetic a few simple questions will help
ascertain the patient’s knowledge of diabetes, level of skills,
and control. The patient should be able to tell you the cur-
rent medication and the finger-stick glucose levels done
atvarious times during the day for the last two weeks. The
physician’sappointmentsecretarycould informall patients
with diabetes that the doctor would like to see this log of
medicationsand glucoselevels beforeschedulingsurgery.
Inthefuture, itislikely thata glycohemoglobin, giving the
average glucose readings for the last three months, may
become a required test before elective surgery on a per-
son with diabetes. It is recommended that most patients
obtain this test two to four times yearly, with an average
glucoseatleastunder200 mg/dl beforeelectivesurgery.(Hb
AI1C less than 9.0).

Beta Cell Reserve And Insulin Need

Difficulty in clinical management of the individual with
diabetes can be anticipated if two questions are asked:

How much beta cell reserve does this patient have?

Howmuchistheusualdailyinsulinneed,andisthat
going to change greatly in the hospital?

Figure 1 reviews what was discussed earlier as to the
pathyphysiology of Type | and Type |l diabetes. Indicators
ofalowbetareserveare:theduration of diabetes, a history
of wide swings of glucose, and thinness. A long-standing
Typelldiabeticonoralagenttreatment needstoanticipate
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usinginsulin,atleasttemporarily, with the stress of surgery.
A person with a prior history of diabetic ketoacidosis is
much morelikelyto have problemswitha“Holdinsulinthe
day of surgery” order than an overweight person in good
control on a low dosage of insulin.

Figure 2 summarizes the relative impact of obesity and
various stresses on insulin need. The stress of the hospital
and changeindietis likelytoresultina30% to 100% change
ininsulin requirements. Lack of exercise and a better diet
may offseteachother, resultinginnochangeininsulinneed
inthe uncomplicated patientwith elective surgery. Never-
theless, infection, steroids, and hyperalimentation might
result in a 300% increase in insulin need.

Chronic Complication Status
Microvascular Disease

The duration of diabetes and average glucose readings
during that time correlates with the development of
microvascular complications (17). An easy way to think of
diabetes management is to assume that from 1922 to 1982
mostindividuals with diabetes were maintaining an average
blood sugar of 250-350 mg/dl. The use of urine testing, one
insulin shot daily, or oral hypoglycemic agents, and a visit
to the doctor once every two to three months resulted in
fairlyuniformly poorcontrolofglucose. Typell patients had
major complications about 15 years after diagnosis.

Type | patients had major complications about 20 years
afterdiagnosis. A patientwho has had laser therapy to the
eyes, hasaserumcreatinineof 1.5with 1+ proteinuria,and
vibratory sensation less than ten seconds with awell-struck
128 oscillation tuning fork will have a severe healing prob-
lem.The podiatric physicianalready knows this patientwill
be recognized by the characteristic loss of hair and shiny-
nesstotheskinofthefootwithhammertoedeformity,and
interosseous atrophy. The sample patient described would
alsobelikelytohave some paresthesiaswithnumbnessand
tingling of the feet. The patient might have a tendency
toward gastroparesis and nausea. (17).

Macrovascular Disease

Macrovascular disease is also accelerated in diabetes.
Careful palpation of pulses and, if diminished, a Doppler
examination should be in the preoperative assessment of
a person with known diabetes (18).

The presence of peripheral neuropathy or retinopathy
alsoraisesthestrong possibility ofautonomicneuropathy
(19, 20). The patient with long-standing diabetes and foot
problems frequently hasarather non-specific fatigue that
is multi-factorial in etiology. Coronary artery disease with
painlessanginaorsilentmyocardialinfarction mustalways
be the first consideration, with careful internal medicine
or cardiac review.

The supine and standing blood pressures immediately,
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Fig. 1. Beta cell: Reserves of Insulin for stress. Beta cells pro-

bably have limited reproductive and insulin production

capabilities which steadily decrease with aging. Obese person
uses up reserves to handle extra weight in 20 to 40 year age

BETA CELL RESERVES
OFINSULIN

Lean Normal

OlderNormal or Young
OverweightNormal

Diet Controlled Type Il Diabetes
Oral Agent Controlled Type Il Diabetes
Insulin Controlled Typell Diabetes

Early Type | Diabetes
“Brittle” Type | Diabetes

period. Most evidence shows that as severity of diabetes in-
creases, insulin production decreases. There results a con-
tinum of loss of beta cell reserves with most brittle diabetic pa-
tients having least insulin production capacity left.

BODY NEED FORINSULIN

Obesity

BODY
WEIGHT

Lean Adult

Child .2-5 U/lb./Day

Fig. 2. Body need for insulin. As weight increases, insulin need
increases from few units daily, for child, to over 200 units daily
for massively obese person. Variety of other factors, labeled
“resistance factors” change need for insulin. If this factor is
multiplied by number of units of insulin per day individual

7 Massive

Overweight 50-100 U/Day

33 U/Day
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200 U/Day RESISTANCE FACTORS
Major Surgery 3.0
Pregnancy 25
Large BrokenBone 2.0
Diet 15—30
Infection 15
Life Stress 13
Winter 1.1
Exercise 9
Diet 3—38

needed before, the result estimate is the number of units of in-
sulin per day needed under current hospital “stress”. Large
change in insulin need effected by diet occurs primarily in Type
Il individuals. Smaller change in insulin effected by diet in Type
| patients.



thirty seconds, and a full minute after standing, are neces-
sary to detect postural hypotension (21). This will be even
more important postoperatively as people with diabetic
autonomic neuropathy frequently have severe postural
hypotension after diuresis and bed rest. The delay of 30 to
60 seconds before the blood pressure sometimes falls is
particularlybothersome. The patient may stand beside the
bed, feel good, and take five steps across the room before
feelingdizzinessandfalling. Careful palpationofthe heart
rate during slow, deep breathing, usually elicits a slowing
of the heart rate. This lack of beat-to-beat variation in dia-
betic cardiacautonomic neuropathyis well-described with
EKG programs to calculate the R-to-R variation (22).

The presence of significantautonomic neuropathy places
the patient in a higher risk category with 50% of patients
deadwithinfiveyears(23). The podiatric physiciantakesthis
longevity estimate into consideration in the magnitude of
surgery recommended. The combination of peripheral
neuropathy, edema of the lower extremity, and trauma or
irritation from shoesorinjury makesdiabetic patients par-
ticularly prone to a superficial blister-bullous diabeta-
corum. Fractures, bandages, whirlpools,and newshoesare
all frequently rewarded with a sudden, painless, blister
which will continue to enlarge unless drained.

The fluid is sterile. A small puncture should be made to
drain the fluid so that it will not continue to dissect into
healthy skin. The blister skin can be left as a protective
coating. Bed rest, clearing of the edema, and leaving the
blister open to air usually result in quick healing.

The Effect Of Diabetes On Wound Healing

Insulinindependently may beimportantinwound heal-
ing. Insulin and the insulin receptor are proteins related
inafamilytoepidermoid growth factor, nerve growth factor,
somatomedin |I, and angiogenesin. Insulin cross-reacts
with the receptors for those hormones, and those hor-
mones cross-reactwith theinsulinreceptor. Itis probable,
in the future, that insulin like proteins will be used in
wounds to stimulate wound healing (24, 25). The roles of
insulin, glucose, and potassium have been studied exten-
sively post myocardial infarction. The latest reviews con-
tinuetoshow probable small benefitto limiting infarct size
and assisting in healing (26). How hard to push insulin in
apatientwithalesionwhichisdifficultto healis still being
debated. However, no one would debate shifting from an
oral agentto insulin in a patient who persistently shows a
glucose over 140 mg/dlwith a slow-healing wound. The in-
sulin mightdirectly promote healing and, by definition of
diabetes, a glucose above 140 mg/d| fasting is abnormal.

Diet control of diabetes should be carefully scrutinized
inany postoperative patientwithadiminished muscle mass.
Anelevated blood sugarisfrequentlyatthe expenseof mus-
cle. Bed rest results in loss of muscle mass. Hyperalimen-
tationwithinsulinmaybenefitwound healingin malnour-
ished patients. Carefulobservance thatthe patient receives
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sufficientcaloriesis essential. Human insulin carries very
little allergic risk. When in doubt, in the healing phase,
increase caloriesand uselow-doseinsulinasacontinuous
IV infusion, or NPH before breakfast and supper.

Hyperglycemiacanblock the defense systemofthe body
(27). Somewhereabove 250t0300 mg/dl, leukocyte function
deteriorates and the risk of infection is clearly enhanced.
Inelectivesurgerytheglucoseshould belessthan200 mg/dl.
Ifitis greater than 300 mg/dl, strong consideration should
be given to delay or cancellation of any surgery.

Themorechroniccomplicationsofdiabetesare present,
the slower thediabetic patient will heal. Severe infections
may take ten days instead of three to start to clear. Good
granulation tissue may notbe seen for two to three weeks.
Exercise increases oxygen demand which is usually de-
creased due to AV shunting (28). The neuropathic foot is
also easily traumatized without awareness (28). Since de-
creased oxygenation isacommon factor of the micro and
macrovasculardisease agreatdeal of patience, bedrest, and
tender loving care is needed in the conservative manage-
ment of the lower extremity of the long-standing diabetic.

Summary

For 60 years after the discovery of insulin, diabetes man-
agement frequently resulted in average glucose readings
around 300 mg/dl. This resulted fairly relentlesslyin chronic
complications 10 to 20 years after diagnosis. In the early
1980s it became clear that we were in a new era. Two rela-
tively simple technological breakthroughsoccurred: rela-
tively painless blood-letting, and the glycohemoglobin
assay. These permitted improvements in physiological
understandingaboutdiabetestoactually reach the patient
inthe form ofimproved diabetes control. The patientcould
take control by adjusting of diet, exercise, and medication
inresponsetohomebloodglucosetesting. Then, both the
patientand the physician’steaching could be evaluated by
looking atthe glycohemoglobin oraverage glucose record
every three months.

The podiatric physicianwill be caring formoreindividuals
with diabetes whoare better educated for preventive health
care, and who will live longer with their aging and more
slowly progressive chronicdiabeticcomplications. Thereis
alsoanopportunitytoquickly screen for hyperglycemiaand
peripheral neuropathyintheaging nondiabetic population.

Routinelytestand evalute thediabetic patientfor glucose
control, blood pressure, diet,and emotional stability, and
update the neurological and vascular pathology to fully
understand thescopeofthedisease. Thiswillinsure proper
assessment and more effective consultation with other
physicians actively involved in the co-management of the
patient with diabetes.
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