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ABSTRACT

The Diabetes Complications and Control Trial (DCCT) established that diabetic complica-
tions could be reduced by improvement in glycemic control. The ideal diabetes treatment
protocol would maintain blood glucose levels in normal ranges without resulting in frequent
hypoglycemia. Because several studies suggest an inverse relationship between carbohydrate
consumption and the level of glycemic control, the effects of an intensive treatment program,
which included dietary carbohydrate restriction, are examined in this paper. A chart review
was performed of 30 patients who self-reported the consumption of 30 g of carbohydrate
daily, followed a strict insulin regimen, monitored blood glucose levels at least four times
daily, and had follow-up clinical visits or phone calls with their physician. For both type I
and type II diabetics, there were significant improvements in glycemic control and mean fast-
ing lipid profiles at follow-up. The mean hemoglobin A1c decreased by 27.8% from 7.9 to 5.7
(p < 0.001). The LDL cholesterol decreased by 16.5%, from 155.4 to 129.7 mg/dL (p = 0.004). The
triglycerides decreased by 31.1%, from 106.8 to 73.6 mg/dL (p = 0.005). The HDL cholesterol
increased by 43.3%, from 50.4 to 72.2 mg/dL (p < 0.001). The cholesterol/HDL ratio decreased
by 31.5%, from 4.99 to 3.42 (p < 0.001). A carbohydrate-restricted regimen improved glycemic
control and lipid profiles in selected motivated patients. Therefore, further investigation of
the effects of this protocol on treating diabetes mellitus should be considered. Additionally,
the reduction of insulin afforded by this diet could theoretically lead to a reduction in hypo-
glycemic events.
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INTRODUCTION

GOOD GLYCEMIC CONTROL is thought to be of
paramount importance in preventing the

many long-term complications of diabetes
mellitus.1,2 The Diabetes Control and Compli-

cations Trial (DCCT) revealed that subjects
who followed an “intensive therapy” protocol
compared with those who continued the
“standard therapy” had a 76% reduction in
retinopathy, a 50% reduction in nephropathy, a
60% reduction in neuropathy, and a notable
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reduction in heart disease risk factors.1 Addi-
tionally, in the UK Prospective Diabetes Study
(UKPDS), intensive glycemic control in type II
diabetics was shown to decrease the progres-
sion of microvascular disease as well as reduce
the risk of heart attacks. In the UKPDS, sub-
jects followed a conventional protocol regu-
lated by diet alone, or an intensive protocol
using either oral hypoglycemic agents or in-
sulin. The results showed that subjects follow-
ing the intensive protocol had a 32% reduction
in risk for any diabetes-related endpoint and a
42% reduction in diabetes-related death when
compared with the conventional group.2
Clearly, the results of the DCCT and UKPDS
support that tighter glycemic control leads to a
reduction in diabetes-related complications.

A more detailed examination of the DCCT
shows that the improvements in the intensive
therapy group were found with only a modest
reduction in hemoglobin A1c. The mean he-
moglobin A1c for the intensive therapy group
was 7.1%, corresponding to a mean serum glu-
cose level of 155 mg/dL. The DCCT intensive
therapy protocol included a daily carbohy-
drate intake of 230 g, self-monitoring of glu-
cose levels at least four times daily, four daily
insulin injections, monthly clinical visits, and a
diet and exercise plan. Despite the extensive
monitoring effort, the intensive therapy cohort
had a threefold increase of severe hypo-
glycemic events compared with the standard
therapy cohort. Accordingly, subjects follow-
ing the intensive therapy had a reduction in
long-term complications, but this benefit was
tempered by an increased risk of severe hypo-
glycemic reactions.1

These DCCT findings suggest that normal
glycemic control (hemoglobin A1c of 4.0–6.0%)
is not possible even with intensive treatment,
unless there is some other way to improve
glycemic control without increasing the risk
of hypoglycemia. Recent preliminary studies
have suggested that reduction of daily carbo-
hydrate intake leads to improved glycemic
control. One study over a 19-month period
found that diabetics who increased their daily
carbohydrate consumption from 38.8% (206.3
g/day) carbohydrate to 45.4% (241.4 g/day)
carbohydrate had an increase in mean hemo-
globin A1c from 9.4% to 11.2%.3 Another study

with a cross-over design involving 28 type II
diabetics found an increase in hemoglobin A1c
from 7.8% to 9.2% after increasing dietary car-
bohydrate from 25% to 55% of the daily in-
take.4 A third clinical series including type II
diabetics who reduced their daily carbohy-
drate consumption to 100 g/day obtained a
mean hemoglobin A1c of 6.9%.5 Therefore, a
growing number of studies suggest that carbo-
hydrate restriction can lead to better glycemic
control.

Along the lines of this research, we exam-
ined an approach using even greater carbohy-
drate restriction in the management of
diabetes, involving a reduction of carbohy-
drate to less than 30 g/day, intensive glucose
monitoring, and multiple, small insulin injec-
tions.6 In this regimen, the 30 g of carbohy-
drate are obtained principally from vegetables
with low glycemic indexes. Based on anecdo-
tal reports of excellent glycemic control and no
recounted instances of severe hypoglycemic
reactions in diabetics following this protocol,
one of the proponents of this approach (R.K.B.)
was contacted, and he agreed to share clinical
chart information of his patients for review.

MATERIALS AND METHODS

This study is a retrospective case series analy-
sis of both type I and type II diabetics following
a carbohydrate-restricted regimen and other
supplementary protocols involving blood glu-
cose measurements and methods of injecting
insulin. The charts selected for the study were
based on assessment of the patients’ ability to
comply with the regimen. Compliance was self-
reported by the individual and indicated in the
chart. Another criterion for selection was that
the charts had available follow-up data. Thirty
charts were selected, abstracted, and entered
into a dedicated database without identifiers.
The data were then transferred to a statistical
program for analysis (SAS version 6.12, Cary,
NC). A chi-square statistic, t-test, Wilcoxon
signed rank test, or ANCOVA model was used
for statistical comparisons, as appropriate. This
de-identified analysis of existing clinical data
was approved by the Duke Institutional Review
Board.
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The multi-component program began with
an intensive 3-day clinical evaluation and ex-
planation of the program at an outpatient dia-
betes specialty clinic. After this evaluation,
patients followed the regimen on their own.
This regimen included the following: a carbo-
hydrate-restricted diet (30 g of carbohydrate
daily); intensive glucose monitoring (>4 times
daily); insulin regulation; and documentation
of the time of glucose levels, meals, insulin
dosages, and exercise.5 Subsequent follow-up
phone calls or office visits were used to tailor
the individual regimen of each patient. The
recommended daily carbohydrate intake of
30 g was distributed as follows: 6 g for break-
fast, 12 g for lunch, and 12 g for dinner. No
sugar or other rapid-acting carbohydrates
were allowed, and eating was prohibited out-
side of regularly scheduled meals. Addition-
ally, close scrutiny was kept of biological
phenomena affecting glycemic levels, includ-
ing gastroparesis and the dawn phenomenon.
Depending on the effects of these phenomena,
insulin requirements were adjusted accord-
ingly under the physician’s care.

All changes in insulin dosage were made
with small, incremental adjustments. Due to
the restricted amount of carbohydrates in their
diets, patients were instructed to inject very
small insulin dosages (as small as one-fourth
unit) for corrections. Timing and size of insulin
injections were key elements of this regimen.
Patients were instructed to wait 5 h between
subsequent bolus insulin injections to assure
that no crossover effect would occur in serum
insulin levels from residual dosages. No more
than 9 h could elapse between evening basal
insulin dosages and morning basal dosages to
prevent the effects of the dawn phenomenon.
Additionally, as predetermined by their physi-
cian, patients learned how long to wait to eat
after injecting each pre-meal bolus of insulin
and were strongly encouraged to adhere to
such constraints. All insulin injections had to
be less than seven units in size. If a larger
dosage was required, it would be divided into
two or more separate injections. This tech-
nique is used to improve the predictability of
the absorption of insulin injections.7

To treat hypoglycemia, patients were in-
structed to take glucose tablets that had a cali-

brated, predetermined effect on their glucose
level. The physician would inform the patient
of the effect a particular brand of glucose tablet
would have on his or her blood glucose level,
as determined by the patient’s weight. This al-
lowed for the individual, after having taken his
or her glucose measurement, to calculate how
many tablets would be needed to return to a
target blood glucose level without overestimat-
ing how much glucose to consume.6 This con-
trolled approach in treating low blood glucoses
made it less likely for patients to become
hyperglycemic soon afterward from excessive
glucose consumption, helping to improve
the patients’ overall glycemic control. Follow-
ing this regimen, common “emergency food”
would not suffice for treating hypoglycemia, as
one could not be certain of exactly how much
carbohydrate such foods would contain or
their speed of action in raising glucose levels. It
is important to note that patients were, of
course, able to consume such “emergency
foods” in the event that glucose tablets were
not available.

Patients were required to keep careful
records of their blood glucose levels, meals,
exercise, medication, overeating, any other un-
usual life events or health problems, and the
times of day at which these occurrences took
place on a standardized flow sheet. Prior to
planned telephone conferences with the physi-
cian, patients faxed their records for evalua-
tion. The flow sheet was reviewed and any
necessary adjustments in insulin dose, exer-
cise, or meal plans were made.

After following this regimen for a variable
length of time (2–79 months), patients re-
turned to the clinic for a follow-up examina-
tion. At the follow-up appointments, the
hemoglobin A1c, body weight, and fasting
lipid profile were measured and recorded on a
standardized flow sheet.

RESULTS

Thirty patients were identified with self-
reported excellent program compliance. The
mean age of patients was 51.4 years (SD =
14.9); 53.3% were male; 96.7% were Caucasian;
66.7% carried the diagnosis of type II diabetes
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mellitus, and 33.3% were diagnosed with type
I diabetes. The mean duration of diabetes was
13.8 years (SD = 11.3). Eighteen patients were
taking insulin injections at baseline.

As shown in Table 1, there were significant
improvements in glycemic control. Over a pe-
riod of 21.4 months (SD = 22.3), the mean
change in hemoglobin A1c from baseline was
�2.2% (SD = 1.4, p < 0.001), while daily insulin
dosage did not change significantly. Seven pa-
tients were started on insulin injections (mean
dose of 22 units/day); 16 patients had insulin
dosages reduced (36.8% reduction on average,
range, 3–64% reduction); two patients had in-
sulin dosages increased by 1 unit per day or
less. Eight patients were taking oral insulin-
sensitizing agents at baseline, and nine pa-
tients were taking oral agents at follow-up. In
six patients, the oral agents were discontinued
or decreased, and in 8 patients, they were initi-
ated or increased.

There were also significant improvements in
lipid profiles (Table 1). The LDL cholesterol de-
creased by 16.5%, from 155.4 to 129.7 mg/dL
(p = 0.004). The triglycerides decreased by
31.1%, from 106.8 to 73.6 mg/dL (p = 0.005). The
HDL cholesterol increased by 43.3%, from 50.4
to 72.2 mg/dL (p < 0.001). The distribution
of follow-up HDL was as follows: 5 were
35–50 mg/dL; 10 were 50–65 mg/dL; 7 were
65–80 mg/dL; 8 were >80 mg/dL. The choles-

terol/HDL ratio decreased by 31.5%, from 5.0 to
3.4 (p < 0.001). There was no significant change
in total cholesterol from baseline to follow-up.

The individual values for patients with
type I and type II diabetes are shown in Ta-
bles 2 and 3, respectively. There was signifi-
cantly greater improvement in the mean
hemoglobin A1c for type II diabetics (from
8.4% to 5.8%) than type I diabetics (from 6.8%
to 5.5%) (p = 0.2). There was significantly
greater reduction in insulin use for type I dia-
betics (from 47.0 to 30.0 units) than for type II
diabetics (from 22.3 to 22.1 units daily) (p =
0.03). Changes in lipid profiles were similar
for both types of diabetics. Combining both
groups, body weight decreased by 5.5 kg
(from 82.0 to 76.5 kg, n = 23, p < 0.01). In as-
sessing kidney function, we found that serum
BUN and creatinine did not change signifi-
cantly in 17 patients with complete baseline
and follow-up measurements.

DISCUSSION

Several studies suggest a positive correlation
between the amount of daily carbohydrate
consumption and glycemic control in diabetes
mellitus.1,3–5 In this chart review, we found that
a strict diabetic program—including a restric-
tion of carbohydrate intake to about 30 g per
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TABLE 1. EFFECT OF PROGRAM ON GLYCEMIC CONTROL AND LIPID PROFILES OF TYPE I AND II DIABETICS

Baseline Follow-up
Variable n mean (SD) mean (SD) Change (SD) p value

Hemoglobin A1C 26** 7.9 5.7 �2.2 0.0001*
(1.7) (0.9) (1.4)

Triglycerides 27 106.8 73.6 �33.2 0.005*
(69.3) (41.3) (56.2)

Total cholesterol 29 229.0 221.6 �7.4 0.41
(47.9) (33.8) (48.4)

HDL-C 29 50.4 72.2 +21.8 0.0001*
(16.1) (27.5) (19.2)

LDL-C 24 155.4 129.7 �25.7 0.004*
(47.2) (28.0) (39.3)

Cholesterol/HDL ratio 28 5.0 3.4 �1.6 0.0001*
(1.9) (1.0) (1.5)

Daily insulin dosage 27 31.5 25.1 �6.4 0.15
(units per day) (29.5) (12.7) (63.2)

Weight in kg 23 82.0 76.5 �5.5 0.01*
(22.2) (18.1) (9.7)

*p < 0.05, for baseline to follow-up change using Wilcoxon Signed Rank Test.
**Change in numbers reflects missing data.
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day—can lead to excellent glycemic control. In
addition to restricting carbohydrates, this regi-
men incorporated a medication therapy more
rigorous than the intensive therapy cohort of
the DCCT. The mean follow-up hemoglobin
A1c was 1.4% lower than the DCCT’s intensive
therapy cohort. Though data regarding hypo-
glycemic episodes is not available for the
carbohydrate-restricted studies, no cases of se-
vere hypoglycemia with loss of consciousness
were reported to the clinic in our case series.

Basic calculus may explain how carbohy-
drate restriction can reduce the risk of hypo-
glycemia. In general, reducing the size of the
inputs of any system will cause a reduction in
the degree of variation in the outputs. Because
insulin is secreted in response to dietary carbo-
hydrate, it follows that insulin requirements
will decrease as carbohydrate consumption
declines. Reductions in carbohydrate and cor-
responding insulin dosages decreases the size
of the inputs introduced into the body’s sys-
tem, helping the individual more accurately
predict and control his or her glucose levels
with a minimal margin of error. Decreasing the
amount of insulin one uses ensures a greater
and more predictable rate of absorption, al-
lowing for the insulin to be used more effi-
ciently.6,7 Less insulin also makes correction
easier should one make a mistake in timing or
the type of insulin used. This follows from the
rationale that small inputs make for small mis-
takes, just as large inputs make for large mis-
takes. In the context of diabetes mellitus,
mistakes in the calculation of insulin and car-
bohydrate intake are manifested as hypo-
glycemic or hyperglycemic episodes. In this
way, a carbohydrate-restricted regimen may
be a way to improve glycemic control without
increasing the risk of hypoglycemia.

In addition to achieving normal glycemic
control, a carbohydrate-restricted regimen may
help to sustain or perhaps improve the mini-
mal amounts of insulin some diabetics pro-
duce. This effect may show to be significantly
helpful for both type II and recently diagnosed
type I diabetics while in their transient remis-
sion or “honeymoon phase,” as both still pro-
duce some of their own insulin. Symptoms of
diabetes appear when approximately 80% of
one’s islets cells have been destroyed.6 How-

ever, the presence of measured C-peptide indi-
cates insulin production in the remaining islet
cells. One hypothesis may suggest that today’s
recommended, high-carbohydrate diet may
hasten the death of the diabetic’s remaining
islet cells, a process termed “beta cell exhaus-
tion.”6 It has been shown that elevated glucose
levels also diminish the islet cells’ ability to
produce insulin by inhibiting the gene expres-
sion and binding of two critical insulin tran-
scription factors.8 This effect combined with
beta cell exhaustion accelerates the destruction
of the islet cells, increases insulin requirements,
and leads to worse glycemic control. These re-
ports corroborate the possibility that a carbo-
hydrate-restricted diet may also play a role in
prolonging the existence of the remaining islet
cells. Such evidence suggests that a carbohy-
drate-restricted diet may protect the islet cells
from overexertion, helping to reduce the need
for insulin in type II diabetics and to perpetu-
ate the “honeymoon phase” of recently diag-
nosed type I diabetics.6

It is interesting to note that, prior to the dis-
covery of insulin, Elliot P. Joslin recommended
a low-carbohydrate diet as a treatment for
diabetes mellitus.9 The strict diet allowed for
consumption of only foods without sugar—
including meats, poultry, game, fish, clear
soups, gelatin, eggs, butter, olive oil, coffee,
tea, and cracked cocoa. The recommended
daily caloric distribution of the diet was ap-
proximately 2% carbohydrate, 17% protein,
75% fat, and 6% alcohol, for a total of 1,795
calories. The 2% carbohydrate equates to 10 g
of carbohydrate per day. Perhaps diabetics
today may refer back to these initial treatment
protocols, to help improve their glycemic con-
trol in conjunction with the aid of modern
advancements.

With the discovery of insulin, diabetics
were ostensibly able to include carbohydrates
in the diet while controlling hyperglycemia.
Because diabetics have been shown to have an
increased risk of developing coronary heart
disease (CHD), a “heart-healthy” diet restrict-
ing fat and cholesterol became the prescribed
regimen of the American Diabetes Association
(ADA). The ADA bases its dietary recommen-
dations on the food pyramid, appropriating
over half of a diabetic’s daily caloric intake to
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carbohydrates. It focuses primarily on the
restriction of fat from the diabetic’s diet, re-
placing these calories with complex carbohy-
drates. Currently, with the introduction of
lispro or Humalog insulin and different
“carbohydrate-counting” protocols, some dia-
betics are told that “sweets” (i.e., simple sug-
ars) are acceptable to eat if factored into one’s
diet in moderation. Nonetheless, much dis-
crepancy exists today as to what is the optimal
diet for diabetics.10

Low-carbohydrate diets have been avoided
because of the high-fat nature of the diets
and the predicted associated hypercholestero-
lemia.11 While there is variability in the fasting
serum lipid response, serum lipids generally
improve with this low-carbohydrate regimen,
especially the triglyceride and HDL measure-
ments. Research into understanding the vari-
able lipid response and its health consequences
is needed.

The limitations of this retrospective case se-
ries analysis are its relatively small sample size
and sampling bias. The patients chosen for re-
view were those who had self-reported excel-
lent compliance with the regimen. Because not
all patients were compliant, the regimen’s fea-
sibility is unknown. The program included
carbohydrate restriction, medication manage-
ment, and monitoring, and from this review it
is not possible to determine the extent to
which each component contributed to the re-
sponse. Nevertheless, this case series shows
that the regimen can lead to excellent glycemic
control and improved lipid profiles in at least a
subset of those who follow it.

Based on clinical experience, physicians and
diabetics must use caution in transitioning
from a diet that is high in carbohydrate con-
tent to one that has only 30 g of carbohydrate
per day. Due to the potentially powerful effect
of carbohydrate restriction, the risk of hypo-
glycemia is high without immediate medi-
cation adjustment. Therefore, such change
should only be made under the close supervi-
sion of medical personnel experienced with
this approach.

In conclusion, a multi-component diabetes
program, including a low-carbohydrate diet
and intensive medication therapy, appears ef-

ficacious for normalizing hemoglobin A1c and
improving lipid profiles in motivated patients.
By limiting the inputs of carbohydrate and in-
sulin, this program may provide a model for
achieving excellent glycemic control without
hypoglycemia. Due to these favorable find-
ings, further controlled investigation into the
effects of this approach appear in order.
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