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Case Study: The Benefits of Making a Dietitian 
Referral for Pre-diabetes

Joy Hayes, MS, RD, LD, CDE

Presentation
Initial consultation. D.G., a 54-year-old
white man, was referred to a registered
dietitian (RD) for pre-diabetes. He had
been identified as having pre-diabetes 8
months earlier and was trying to lose
weight on his own.

The initial assessment indicated that
his height was 67" and current weight
was 185 lb (BMI 29 kg/m2). His waist
measurement was 35", and a 3-year
weight history indicated weight fluctua-
tions between 173 and 191 lb.

Recent laboratory tests showed a
fasting blood glucose (FBG) of 123
mg/dl, total cholesterol of 249 mg/dl,
triglyceride level of 297 mg/dl, HDL
cholesterol of 42 mg/dl, and LDL cho-
lesterol of 148 mg/dl. D.G. reported tak-
ing atenolol for hypertension and daily
aspirin. The referring health care
provider stated that D.G. was at
increased health risk because of “proba-
ble metabolic syndrome.”

The RD reviewed with D.G. his dia-
betes risk factors: age, personal medical
history of hypertension, dyslipidemia,
pre-diabetes, and BMI > 25 kg/m2. He
reported engaging in aerobic exercise
five times each week for 35–60 minutes
per session, but said he had been unsuc-
cessful at eating less fat to lower his
cholesterol.

After obtaining information on his
usual food intake, the RD recommended
that D.G. limit his food intake to 1,800
cal/day, his total fat intake to 25–30% of
calories (50–60 g), and his saturated fat
intake to 7–10% of calories (14–20 g).
They discussed ways to lower calories
by eating smaller portions, making low-
er-fat food choices, and limiting foods

high in sugar, such as regular soda. The
RD encouraged him to maintain his aer-
obic exercise routine.

D.G. was assessed to be at the
“action” stage of the readiness-to-change
behavior change model for physical
activity and at the “preparation” stage for
managing weight and choosing low-fat
foods. He was very motivated to live a
healthy lifestyle and reduce his risk of
developing diabetes and heart disease.
He had strong support from his wife.

D.G. enrolled in a phone-based
lifestyle counseling program and
received nutrition and disease-prevention
information. He agreed to track his food
intake using an online food log and
nutritional analysis program and to par-
ticipate in regular follow-up with the RD
for several months.

RD follow-up at 6 months. D.G.
reported that his weight was 165 lb.
He had lost 20 lb and reduced his BMI
to 25.8 kg/m2. He was keeping a food
log and meeting his fat and calorie
goals. Laboratory results at the 6-
month follow-up showed an FBG of
109 mg/dl (down 14 mg/dl), a total
cholesterol of 226 mg/dl (down 23
mg/dl), a triglyceride level of 154
(down 143 mg/dl), an HDL cholesterol
level of 46 (up 4 mg/dl), and an LDL
cholesterol level of 149 (up 1 mg/dl).
D.G. reported that he wanted to lose
an additional 10 lb for a goal weight of
155 lb. He reported being more confi-
dent in his ability to make healthy
food choices and to maintain his aero-
bic exercise program. He felt positive
about his support system.

The RD congratulated D.G. for the
progress he had made and assessed him

to be at the “action” stage of change for
making food choices that were low in fat
and saturated fat and at the “mainte-
nance” stage for continuing with his aer-
obic exercise. The RD noted that reduc-
ing saturated fat further (to 7%) could
lower LDL cholesterol but that some-
times a cholesterol-lowering medication
may also be necessary. 

D.G. decided that he had the tools he
needed to continue on his own. He
planned to maintain his aerobic exercise
program and work at further reducing
total fat and saturated fat intake, portion
sizes, and foods high in sugar, while
increasing his fruit and vegetable intake.
He agreed to follow up with his health
care provider to have his blood glucose
and cholesterol level checked on a regu-
lar basis. 

Clinic visit 9 months after initial
RD consultation. D.G.’s care provider
started him on atorvastatin because, even
with dietary changes, his blood lipids
remained outside of goal: total choles-
terol of 241 mg/dl, triglyceride level of
185 mg/dl, HDL cholesterol level of 52
mg/dl, and LDL cholesterol level of 152
mg/d. His FBG was 112 mg/dl, and his
weight was 171 lb (up 6 lb).

Clinic visit 1 year after initial RD
consultation. With sustained weight
loss, a low-fat diet, and cholesterol-low-
ering medication, D.G.’s metabolic out-
comes were at goal: total cholesterol of
123 mg/dl (down 118 mg/dl), triglyc-
eride level of 117 mg/dl (down 68
mg/dl), HDL cholesterol level of 49
mg/dl (down 3 mg/dl), and LDL choles-
terol level of 51 (down 101 mg/dl). His
FBG was 99 mg/dl (down 13 mg/dl),
and his weight was 166 lb (down 5 lb).
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benefit patients with this condition. An
RD can assess a patient’s current food
intake, activity level, and readiness to
change, and then make recommenda-
tions for lifestyle change. Nutrition rec-
ommendations for pre-diabetes include
calorie reduction, reduced intake of total
fat (particularly saturated fat), and
increased intake of whole grains and
dietary fiber.3 Physical activity recom-
mendations include 2.5 hours of moder-
ate physical activity (such as brisk walk-
ing) per week.2

Based on an individual’s readiness
to change and current lifestyle behav-
iors, the RD can tailor these recommen-
dations to each patient. One way to do
this is through use of the Transtheoreti-
cal Model.4 For example, an individual
in the “preparation” stage (i.e., planning
to make changes within the 30 days)
may know what to do (eat healthier),
but may not know where to begin
changing their food choices.  An RD
can help this individual develop an eat-
ing plan and teach specific how-to
skills, such as using nutrition labels
choosing lower-fat foods. 

Pre-diabetes is associated with the
metabolic syndrome—the clustering of
obesity, dyslipidemia, and hypertension.
An RD can also make nutrition recom-
mendations that will help patients who
need to lower their cholesterol and blood
pressure. The medical nutrition therapy
goals for prevention of diabetes in high-
risk individuals include:
•  Moderate sustained weight loss of 

~ 5%

By losing weight and keeping it off,
D.G. has been able to prevent type 2 dia-
betes for the past 1.5 years, and his FBG
has returned to normal. If he does not
gain weight and remains physically
active, he will likely continue to prevent
or delay the development of diabetes.

Questions
1.  How is pre-diabetes identified, and

what are the current recommenda-
tions for its treatment?

2.  How can patients with pre-diabetes
benefit from being referred to an
RD?

3.  Is lowering FBG enough when treat-
ing patients with pre-diabetes?

Commentary
Pre-diabetes is identified through
either the FBG test or the oral glucose
tolerance test (OGTT) (Table 1).
Either test should be repeated on
another day to confirm the presence of
the condition.1

The Diabetes Prevention Program
(DPP) showed that as little as a 5% sus-
tained weight loss (~ 10 lb) and 30
minutes of exercise 5 days a week (150
minutes/week) can reduce type 2 dia-
betes risk by 58%.2 DPP researchers
found that diet and exercise were more
effective than metformin therapy. Par-
ticipants who were treated with met-
formin reduced their diabetes risk by
only 31%.2

Because weight management is the
primary treatment recommendation for
pre-diabetes, referral to an RD would

•  Achievement and maintenance of
optimal metabolic outcomes, includ-
ing normal blood lipid, blood pres-
sure, and blood glucose levels 

•  Modification of nutrient intake for the
treatment of comorbidities (i.e., obesi-
ty, dyslipidemia, cardiovascular dis-
ease, and hypertension)

•  Improvement in  health through nutri-
tious food choices

•  Development of plans to address indi-
vidual nutritional needs while taking
into consideration patients’ personal
and cultural preferences and lifestyles
and respecting their wishes and will-
ingness to change.3

Patients with pre-diabetes often have
other related medical conditions, so
treating pre-diabetes itself is not enough.
Metabolic outcomes should be moni-
tored on a regular basis. Changes in
lifestyle and, if necessary, the addition or
adjustment in medications should be
made to maintain optimal blood glucose,
blood lipid, and blood pressure levels.5,6

Clinical Pearls
•  Sustained weight loss of at least 5% is

necessary to prevent type 2 diabetes in
high-risk patients.

•  Patients with pre-diabetes may benefit
from a nutrition consultation because
an RD can conduct a comprehensive
nutrition assessment and provide
lifestyle counseling for cholesterol
and blood pressure management in
addition to management of prediabetic
glucose levels.

•  The focus of the interventions should
not be limited to blood glucose.
Because of the association between
pre-diabetes and the metabolic syn-
drome, treating hypertension and dys-
lipidemia is equally important.

•  To reach optimal metabolic outcomes,
medications for blood pressure and
cholesterol-lowering may be needed
in addition to a healthier lifestyle.

•  Individuals with pre-diabetes can get
valuable benefits from an RD referral
including behavior change counseling
(i.e., tailored counseling based on an

Table 1. Diagnostic criteria

Pre-diabetes
Normal blood Impaired fasting Impaired glucose Diabetes  
glucose glucose tolerance

Fasting* Fasting 100–125 mgdl 2-hour postprandial Fasting ≥ 126 mg/dl
70–100 mg/dl 140–199 mg/dl or

Casual** 2-hour postprandial
< 140 mg/dl ≥ 200 mg/dl  

*Fasting—no caloric intake for at least 8 hours
**Casual—any time of the day without regard to time of last meal
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or delay of type 2 diabetes (Position Statement).
Diabetes Care 27 (Suppl. 1):S47–S54, 2004

3American Diabetes Association: Nutrition
principles and recommendations in diabetes
(Position Statement). Diabetes Care 27 (Suppl.
1):S36–S46, 2004 

4Prochaska JO, Velicer WF: Transtheoretical
model of health behavior change. Am J Health
Promotion 12:38–48, 1997

5National Institutes of Health: Third report of
the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
(NIH publ. no. 02-5215) Bethesda, Md., National

individual’s motivational readiness to
change), individualized nutrition rec-
ommendations, and assistance with
developing a realistic action plan for
diabetes prevention.
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Case Study: Diagnosis of Insulinoma Using
Continuous Glucose Monitoring System in a Patient

With Diabetes
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Presentation
K.D., a 20-year-old white female college
student was brought by her parents for
evaluation of hypoglycemia. She had
experienced multiple episodes of palpi-
tations, blurred vision, and left facial
paresthesias for a year, progressively
worsening and occurring more frequent-
ly in the 2 months just before her
appointment.

Usually the episodes occurred
between 3:00 and 7:30 P.M. The symp-
toms occurred without regard to meals
and were relieved with food or juice. Her
most severe witnessed episode, which
occurred while she was at college, hap-
pened a few days before the consulta-
tion, while K.D. was working, 2 hours
postprandially. Observers reported that
she appeared confused, agitated, and
diaphoretic. Her glucose via fingerstick
by paramedics was 35 mg/dl. She
received intravenous dextrose, and sub-
sequently her glucose rose to 217 mg/dl
with resolution of her symptoms. She
had several episodes with neurogly-
copenic symptoms and glucose levels of
35–45 mg/dl.

There was no history indicating dia-
betic medications in her home. She also
complained of a 25-lb weight gain dur-
ing the past year.

A year before her visit, K.D. was
diagnosed with diabetes by oral glucose
tolerance test (OGTT). The results were:

Fasting blood glucose: 86 mg/dl 
30 minutes: 229 mg/dl 
60 minutes: 232 mg/dl 
120 minutes: 235 mg/dl
180 minutes: 165 mg/dl 

At that time, she had a normal hemoglo-
bin A1c, and she was instructed in diet
and exercise. No antidiabetic medica-
tions had been prescribed.

K.D. had a psychiatric evaluation,
was diagnosed with depression, and was
started on sertraline. In the month before
the consultation, she also had a neuro-
logical work-up with negative computed
tomography scans of the head and nor-
mal electroencephalogram. 

Her family history was significant
only for diabetes of a maternal aunt.
She denied allergies or use of ciga-
rettes, alcohol, or illicit drugs. She was

taking sertraline, 50 mg daily for the
past year; ethinyl estradiol/norgesti-
mate, one daily for the past 2 years; and
oxcarbazepine, 175 mg twice daily for
the past week.

Physical examination did not reveal
any orthostasis and was essentially normal.
On the day of her office visit, concomitant
with a random glucose of 62 mg/dl, K.D.’s
insulin level was 37 �/ml (normal: 2–15
�/ml), and her C-peptide level was 7.7
ng/ml (normal: 1.1–4.6 ng/ml).

Her cortisol level was 18 �/dl (nor-
mal: 3–17 �g/dl). Thyroid-stimulating
hormone, liver function tests, creatinine,
and electrolytes were normal. There
were no measurable blood levels of sul-
fonylurea. She was given a glucometer
and was advised to check her fasting
blood glucose and also blood glucose
levels whenever her symptoms suggest-
ed hypoglycemia.

K.D. returned to clinic 2 weeks later
complaining of persistent hypoglycemic
episodes. At that time, a continuous glu-
cose monitoring system (CGMS) was
applied (Figures 1 and 2). The patient
had multiple and frequent episodes of
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Figure 1. The continuous line represents the sensor glucose values. The blue aster-
isk respresents the meter blood glucose readings that were entered into the monitor.
If there are no interruptions in glucose monitoring, then the number of paired sen-
sor glucose values/meter blood glucose readings should match the number of meter
blood glucose readings. In this graph, the flat line represents sensor blood glucose
readings < 40 mg/dl. The CGMS cannot sense < 40 mg/dl.

Figure 2. This graph presents all of the CGMS data superimposed over a 24-hour
period, with each day presented as a separate plot line.

534.5 pmol/l (normal: 2.1–26.8 pmol/l);
C-peptide level was 7.6 ng/ml (normal:
1.1–4.6 ng/ml); and �-hydroxybutyrate
was 0.2 mmol/l (normal: 0.0–0.3
mmol/l). Drug screens for sulfonyluea
and repaglinide were negative. 

A magnetic resonance imaging scan
with contrast of her abdomen showed a
1.2-cm lesion in the tail of the pancreas.
The patient underwent successful enu-

blood glucose levels < 55 mg/dl inde-
pendent of the time of the day. It is
worth noticing that she had blood glu-
cose < 40 mg/dl for more than 2 hours
continuously during sleep.

The patient was hospitalized for a
72-hour fast test. Within 20 minutes of
the start of the fast, her blood glucose
fell to 16 mg/dl. At the same time, her
insulin was 18 �/ml; proinsulin was

cleation of the tumor, which revealed
insulinoma. The postoperative course
was uncomplicated.

Materials and methods. The CGMS
(MiniMed, Sylmar, Calif.) was placed on
the patient, and glucose levels were
monitored for 87 hours. The patient was
instructed and trained on the use of
CGMS before its placement. The
patient’s capillary blood glucose levels
were checked and recorded at least four
times a day and whenever she experi-
ence neuroglycopenic symptoms. She
was also asked to record in a diary her
meals and physical activity. 

CGMS is designed to continuously
and automatically monitor glucose val-
ues in subcutaneous tissue fluid within a
range of 40–400 mg/dl. The CGMS
records sensor signals every 5 minutes,
providing 288 glucose readings per day.
When the glucose readings are < 40
mg/dl, the graph appears as a flat line.

C-peptide was determined by a
chemiluminescent immunoassay (Asso-
ciated Regional and University Patholo-
gists, Salt Lake City, Utah). Insulin lev-
els were quantitated by paramagnetic-
particle chemiluminescent immunoassay
(Beckman Coulter Access analyzer and
insulin reagent pack; Chaska, Minn.)
The two-site enzyme immunoassay
measured the proinsulin level. The sul-
fonylurea panel was performed by the
high performance liquid chromatography
method. Finally, for the repaglinide lev-
el, the liquid chromatography–tandem
mass spectrometry method was used.

Questions
1.  What is the differential diagnosis of

high insulin?
2.  What are the indications for CGMS

use?
3.  At what point should the CGMS be

used for the differential diagnosis of
hypoglycemia?

Commentary 
Insulinoma, a rare islet tumor of the
pancreas, is characterized by sympto-
matic hypoglycemia, inappropriately
increased plasma insulin, proinsulin, and
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glucose levels < 40 mg/dl can probably
be explained by the fact that young
healthy women may have plasma glu-
cose values in the range of 40 mg/dl
without any symptoms.12 Another inter-
esting point of this case was that during
the CGMS use, there was nocturnal
hypoglycemia during only 1 of the 3 full
days of monitoring (Figure 1). This is
not commonly seen with the classical
presentation of insulinomas, in which
hypoglycemia is frequently seen during
the longest caloric restriction, which
usually occurs during the night.

The CGMS has been shown to pro-
vide a good correlation between blood
and interstitial glucose levels.13,14 It has
also been used in the detection of unrec-
ognized hypoglycemia in patients with
type 1 or type 2 diabetes.10,11 Here, it was
used to detect possible unusual causes of
hypoglycemia, such as insulinoma. 

In this case, the CGMS was in place
over a period of 87 hours, even though
72 hours is the norm. This difference is
simply related to the patient’s delay in
returning the CGMS. A striking issue of
this case is that the CGMS correlated
perfectly with the fingerstick glucose of
the patient, despite the longer use period.
This is an indication that the technique
of the CGMS has significantly
improved, and its reliability has been
increased.

The CGMS has limitations because
it measures interstitial fluid glucose
rather than serum levels. However, Mon-
sod et al.15 have shown that the CGMS
can accurately predict plasma glucose
concentrations during hypoglycemia and
hyperinsulinemia. This accuracy dimin-
ishes, though, toward the 40 mg/dl glu-
cose level, and inaccurate readings can
be obtained.16

It is likely that K.D. had two inde-
pendent conditions (i.e., insulinoma and
type 2 diabetes). Earlier reports in the lit-
erature have described the coexistence of
diabetes and insulinoma.2–9 The diagno-
sis of these two coexistent diseases is
very challenging. This patient is the
youngest one ever reported in the litera-
ture with these two diagnoses; the age

C-peptide levels during an episode of
spontaneous hypoglycemia.1

The coexistence of insulinoma and
diabetes is rare and has been reported in
diabetic patients whose hypoglycemic
symptoms were explained by the pres-
ence of insulinoma.2–9 

The CGMS is a sensor system for
measuring the glucose concentrations
continuously in subcutaneous tissue. It
has been mostly useful for detecting
unrecognized hypoglycemia in patients
with type 1 or type 2 diabetes.10,11

We have described here a young
female patient with a diabetic OGTT and
persistent symptomatic hypoglycemia
for whom continuous glucose monitor-
ing played a major role in diagnosing
insulinoma. This case appears to be the
first report of a patient with insulinoma
and concomitant diabetes in which con-
tinuous glucose monitoring was used as
an important diagnostic tool. 

At the age of 20, K.D. presented
with hypoglycemia associated with neu-
roglycopenic symptoms. Because she
had had a diabetic OGTT a year before,
it was initially suspected that she might
have reactive hypoglycemia. What made
this patient’s presentation more intrigu-
ing was that her symptoms of sponta-
neous hypoglycemia were progressively
intensifying in severity and frequency.
The persistence of hypoglycemia during
the day, but not reported by the patient
during the night, led to the consideration
of using the CGMS as a diagnostic tool
to document the hypoglycemic episodes. 

The insulinoma was considered as a
possible diagnosis only after review of
the striking CGMS results. The episodes
of hypoglycemia during the night were
frequent, and recovery was spontaneous.
The CGMS showed low blood glucose
of < 40 mg/dl throughout a 24-hour peri-
od, most strikingly nocturnally (Figures
1 and 2), despite the fact that the patient
denied any hypoglycemic symptoms
during the night. This was the major
contribution of CGMS in suggesting the
diagnosis of insulinoma.

The absence of neuroglycopenic
symptoms during the night with blood

range in previous reports was 45–78
years.2–9 The time that lapsed from the
onset of her symptoms until the final
diagnosis was approximately 12 months,
which is short when compared to the
previously reported cases, where the
time range was 13–24 months. 

As mentioned above, this is the first
reported use of a CGMS as a major
adjunctive method for detecting hypo-
glycemia. In this case, the CGMS was
well tolerated and very accurate. The
CGMS should therefore be considered
for the work-up of such patients because
it is reliable, safe, and easily performed
on an outpatient basis.

Clinical Pearls 
•  Insulinoma is a rare tumor of the pan-

creas that should be considered in the
differential diagnosis of a young
patient with hypoglycemia.

•  The coexistence of insulinoma and
type 2 diabetes is challenging and
often goes unrecognized.

•  The CGMS is an adjunctive method
for detecting hypoglycemia.

•  The CGMS is a safe tool that is easily
used on an outpatient basis.
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