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This article reports pilot study results
evaluating the accuracy of carbohydrate counting among adolescents
with type 1 diabetes. This crosssectional observational study
included 48 adolescents ages 12–18
years (mean 15.2 ± 1.8 years) with
type 1 diabetes of > 1 year in duration (mean A1C 8.0 ± 1.0%) who
used insulin:carbohydrate (I:C) ratios
for at least one meal per day.
The adolescents were asked to
assess the amount of carbohydrate
in 32 foods commonly consumed
by youths. Foods were presented
either as food models or as actual
food, with some items presented as
standard serving sizes and some selfserved by study participants.
T-tests were used to assess the
significance of over- or underestimation of carbohydrate content. For

each meal, accuracy was categorized as accurate (within 10 grams),
overestimated (by > 10 grams), or
underestimated (by > 10 grams)
based on the commonly used I:C
ratio of 1 unit of insulin per 10
grams of carbohydrate.
Only 23% of adolescents estimated daily carbohydrate within 10
grams of the true amount despite
selection of common meals. For dinner meals, individuals with accurate
estimation of carbohydrate grams
had the lowest A1C values (7.69 ±
0.82%, P = 0.04).
The pilot study provides preliminary evidence that adolescents with
type 1 diabetes do not accurately
count carbohydrates. Further data
are needed on carbohydrate counting
accuracy and other factors that affect
glycemic control.

The incidence of type 1 diabetes
is increasing worldwide,1 and the
prevalence of type 1 diabetes in
youth in the United States is 1.54
per 1,000.2 To prevent the complications of type 1 diabetes, the primary
diabetes management goal is to
maintain blood glucose levels as
close to normal as is safely possible.
The American Diabetes Association
(ADA) has established targets for
glycemic control as measured by
A1C values. Unfortunately, many
patients have A1C values that exceed
the ADA goal.3 Elevated postprandial glucose levels may contribute to
the failure to attain optimal glycemic
control.4 The total amount of carbohydrate consumed strongly predicts
glycemic response; therefore, monitoring total carbohydrates by either
an exchange system or carbohydrate

counting is crucial to achieving glycemic control.5,6
No data exist on accuracy of
carbohydrate counting in youth with
type 1 diabetes, yet this task is an
integral part of their daily self-care.
Both continuous subcutaneous
insulin infusion (CSII) and multiple
daily injection (MDI) regimens are
designed to lower A1C values and
reduce glycemic variability.6–9 Both
require patient (or parent) assessment
of carbohydrate intake to determine
proper prandial insulin dosing.10,11
Thus, accurate estimation of total
carbohydrates to be consumed is crucial to achieving adequate glycemic
control.5,6
Carbohydrate counting in the
treatment of youth with type 1
diabetes is not a new approach.
However, the meal planning based
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on carbohydrate counting has
become more common since the
introduction of rapid-acting insulin
analogs in CSII and MDI regimens.
The 2007 ADA nutrition recommendations state that individuals
practicing intensive insulin therapy
should adjust their premeal doses
based on the carbohydrate content of
their meals.10 Surprisingly, there have
been no randomized controlled studies specifically proving the efficacy
of carbohydrate counting in youth
with diabetes,11 and no standardized
approach to assessing the accuracy of
carbohydrate counting is available.
The overall goal of this project is
to advance methods, through assessing the accuracy of carbohydrate
counting, for optimizing glycemic
control in adolescents with type 1
diabetes. Ultimately, this program
of translational research seeks to
improve the effectiveness of nutrition
education related to carbohydrate
counting and to increase the accuracy of mealtime rapid-acting insulin
dosing among adolescents with
type 1 diabetes. Herein, we report
development of new measures and
methods from a pilot study aimed to
evaluate the accuracy and correlates
of accuracy of carbohydrate counting among adolescents with type 1
diabetes.
Research Design and Methods
The study included adolescents aged
12–18 years with type 1 diabetes
(as defined by ADA criteria)12 for
> 1 year who received care from the
Barbara Davis Center for Childhood
Diabetes in Denver, Colo., and
were using insulin:carbohydrate
(I:C) ratios for at least one meal per
day. The center treated > 1,400
patients between the ages of 12 and
18 years in 2005. Patients coming
in for routine follow-up exams were
contacted about possibly participating in the study. Patients with celiac
disease, type 1 diabetes of < 1 year’s
duration, an A1C > 12%, or who
were non–English speaking were
excluded from the study. Fifty individuals provided consent, although
one declined to complete the study
and one was later deemed ineligible.
Therefore, data were analyzed from
48 participants.

Participants assessed the carbohydrate content for 32 foods
presented as typical breakfasts,
lunches, dinners, and snacks (e.g.,
banana [snack] or cereal with milk
[breakfast]) commonly consumed by
youths. Registered dietitians (RDs)
selected the foods to be included
after reviewing diet records and
dietary data collected from youths
with diabetes.13
Foods were presented either as
food models or as actual food, with
some items presented as standard
serving sizes and some self-served
by the study participants. Packaged
real food items were presented to
participants with their Nutrition
Facts labels, and participants were
allowed to use these food labels if
they wished. Participants recorded
their estimate of portion size, carbohydrate content, and frequency of
consumption. Study staff recorded
the use of nutrition labels by participants during the study visit (for
foods that were presented with
a nutrition label). For self-served
foods, the actual weight of the food
served was recorded out of sight
of the participants. The amount of
carbohydrate in each food was determined by either the nutrition label
for packaged foods, the Nasco Food
Replica Nutrition Guide (based on
the U.S. Department of Agriculture’s
A Standard Reference for Nutrient
Composition for food models, or the
Nutrient Data System for Research
(Version 2007) software licensed
from the Nutrition Coordinating
Center at the University of
Minnesota for foods that were selfserved by study participants.
An interviewer-administered
questionnaire assessed participants’
carbohydrate counting education,
family/friend support for carbohydrate counting, and patterns of
carbohydrate counting (i.e., at which
meals and snacks they count carbohydrates and how often). A1C levels
were measured as part of patients’
clinical visits. All participants
provided informed consent and/or
assent, and the study was approved
by the local institutional review
board.
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Statistical Methods
From the 32 commonly consumed
foods, typical breakfasts, lunches,
dinners, and snacks were constructed
along with typical whole-day menus
(three meals and a snack). Accuracy
of carbohydrate counting was
determined as the difference between
actual and participant-estimated
carbohydrate content (in grams) for
each food, meal, and daily menu.
Researchers determined the number
of participants who estimated carbohydrates accurately within 5 grams
for individual food/food combinations or within 10 grams for meals or
snacks based on clinical application
of a common I:C ratio for adolescents of 1 unit of insulin for each 10
grams carbohydrate consumed.
T-tests were used to assess the significance of over- or underestimation
of carbohydrate content. To describe
accuracy for whole days (three meals
and a snack), levels of accuracy
were considered as accuracy within
10 g/day, within 20 g/day, and within
30 g/day. Comparisons of mean A1C
levels across categories of accuracy
were made by analysis of variance.
All analyses were performed
using SAS 9.0 software (SAS Institute
Inc., Cary, N.C.). Despite some
concern for multiple comparisons,
because this was a feasibility pilot
study and the project was not formally powered to test hypotheses
related to accuracy of carbohydrate
counting, investigators simply
considered a P value of < 0.05 as
statistically significant.
Results
As shown in Table 1, participants
were categorized by their carbohydrate counting accuracy level
as accurate (within 10 g of true
amount), overestimated (by > 10 g
of true amount), or underestimated
(by > 10 g of true amount) based
on the commonly used I:C ratio of
1:10. Participants (mean age 15.2 ±
1.8 years, 52% female, 85% nonHispanic white, 55% using CSII)
had an average A1C of 8.0 ± 1.0%
(range of 6.2–10.8%) and an average
diabetes duration of 67 ± 45 months
(range 13–183 months).
Seventy-four percent of participants received carbohydrate counting
instruction from an RD, although
57
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Table 1. Demographics and Education
Accurate
(within ± 10 g)

Overestimated
(by > 10 g)

Underestimated (by
> 10 g)

P value*

15.7 ± 1.5

15.0 ± 1.9

15.2 ± 1.8

0.65

Female

7 (64)

11 (50)

7 (47)

0.76

Male

4 (36)

11 (50)

8 (53)

BMI z-score

0.50 ± 0.64

0.64 ± 0.68

0.78 ± 1.06

0.69

MDI

5 (45)

8 (36)

8 (57)

0.52

CSII

6 (55)

14 (64)

6 (43)

Never or rarely

5 (45)

11 (50)

5 (33)

Sometimes, usually, always

6 (55)

11 (50)

10 (67)

1–2.9 years

4 (36)

12 (55)

9 (60)

3+ years

7 (64)

10 (45)

6 (40)

No

3 (27)

4 (8)

5 (36)

Yes

8 (73)

18 (82)

9 (64)

1 14

5 (28)

3 (43)

6 (86)

13 (72)

4 (57)

All meals and snacks

8 (73)

9 (41)

7 (47)

Some meals

3 (27)

13 (59)

8 (80)

All meals and snacks

5 (45)

5 (23)

3 (20)

Some meals

6 (55)

17 (77)

12 (80)

Age (years)
Sex (n [%])

Insulin regimen (n [%])

Carbohydrate counting help
(n [%])
0.65

Years carbohydrate
counting (n [%])
0.53

Carbohydrate counting
education from dietitian
(n [%])
0.52

Most recent carbohydrate
counting education from
dietitian (n [%])
Last year
Over a year ago

0.51

Most likely to carbohydrate
count/meal (n [%])
0.25

Least likely to carbohydrate
count/meal (n [%])
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Table 2. Mean Difference Between Carbohydrate Content Estimated by Patient
and Actual Content (grams)
n

Mean

SD

Lower 95% CI

Upper 95% CI P value†

Cereal* (L)

48

−9.1

17.7

−14.3

−4.0

0.0008

Milk* (L)

48

4.5

5.3

3.0

6.1

< 0.0001

Eggos

48

3.9

8.9

1.4

6.5

0.0035

Syrup* (L)

48

8.6

10.3

5.7

11.6

< 0.0001

Scrambled eggs

48

1.4

3.7

0.3

2.5

0.0110

Hash browns

48

6.3

7.2

4.2

8.4

< 0.0001

Bacon

48

1.9

4.8

0.5

3.3

0.0087

Pizza, cheese

48

−4.3

12.2

−7.8

−0.7

0.0196

Pizza, pepperoni

47

−3.2

13.0

−7.0

0.6

0.0942

Bread

48

−1.9

7.2

−4.0

0.2

0.0695

Peanut butter

48

0.4

4.8

−1.0

1.8

0.5713

Jelly

47

0.1

6.9

−1.9

2.1

0.9329

Burger

48

3.0

6.5

1.1

4.8

0.0027

Bun

48

3.7

7.2

1.6

5.8

0.0008

Chicken

48

3.0

6.3

1.2

4.8

0.0017

Rice

48

6.5

8.9

3.9

9.0

< 0.0001

Corn

48

1.3

7.6

−0.9

3.5

0.2489

Spaghetti*

47

13.0

16.2

8.2

17.7

< 0.0001

Sauce*

47

2.4

9.2

−0.3

5.1

0.0767

Broccoli*

47

2.2

5.6

0.6

3.9

0.0101

Chicken nuggets (L)

48

3.9

7.8

1.6

6.2

0.0012

Fries (L)

48

−7.3

11.5

−10.6

−4.0

< 0.0001

Barbecue sauce

48

−3.2

6.9

−5.2

−1.2

0.0021

Macaroni and
cheese

48

−4.3

13.2

−8.2

−0.5

0.0277

Carrots

48

2.3

5.8

0.6

4.0

0.0081

Snack milk* (L)

48

4.4

5.8

2.7

6.1

< 0.0001

Soda

48

−19.7

23.2

−26.5

−13.0

< 0.0001

Apple juice (L)

47

−7.0

14.2

−11.1

−2.8

0.0015

Apple

47

−1.6

8.1

−4.0

0.8

0.1743

Banana

47

−4.8

9.2

−7.5

−2.0

0.0010

Chips* (L)

47

6.6

7.8

4.3

8.9

<0.0001

Cookies* (L)

47

−1.1

5.6

−2.7

0.6

0.1917

Overestimation,
Underestimation,
*Self−served foods
(L), Nutrition Label present in study visit
†Two−sided T−test H0=0

Accurate estimation
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72% of these instructions were
> 1 year before participation in this
study. The remainder of participants
received carbohydrate counting education from their physician, nurse,
books/printed materials, and the
Internet (Table 1).
Participants were also asked at
which meals they were most or least
likely to count carbohydrates, but
no statistically significant pattern
was found (Table 1). Additionally,
participants were asked how often
they receive help with carbohydrate

counting, but no statistically significant differences were found among
the three carbohydrate counting
categories. In other words, the
participants who received the most
help with carbohydrate counting did
not do significantly worse in carbohydrate counting by themselves than
those who always counted carbohydrate for themselves.
Statistically significant overestimation of carbohydrate content was
observed for 15 of 32 foods in the
quiz (Table 2). Syrup, hash browns,

rice, spaghetti, and chips were overestimated by more than 5 g/serving.
Statistically significant underestimation of carbohydrate content was
observed for 8 out of 32 foods in the
quiz, with cereal, French fries, and
soda underestimated by more than
5 g. Overall, carbohydrate accuracy
for an average breakfast was +7.2
± 15.1 g; lunch was −7.9 ± 16.7 g;
dinner was +3.8 ± 17.3 g, and accuracy for average daily snacks was
+0.8 ± 13.6 g.

Table 3. Carbohydrate Counting Accuracy* Distribution by Average Meals
Categorized by Carbohydrate Accuracy
Average day
(± 10 g)

Average day
(± 20 g)

Average day
(± 30 g)

Average
breakfast
(± 10 g)

Average lunch
(± 10 g)

Average snacks
(± 10 g)

Average dinner
(± 10 g)

Accurate

Overestimated

Underestimated

n (%)

11 (23)

22 (46)

15 (31)

A1C

8.1 ± 1.2%

8.3 ± 1.0%

7.7 ± 0.9%

n (%)

15 (31)

20 (42)

13 (27)

A1C

8.1 ± 1.2%

8.2 ± 1.0%

7.8 ± 0.9%

n (%)

25 (52)

13 (27)

10 (21)

A1C

8.0 ± 1.1%

8.3 ± 1.0%

7.9 ± 1.0%

n (%)

22 (46)

20 (42)

6 (13)

A1C

7.8 ± 1.1%

8.3 ± 0.9%

8.0 ± 1.2%

n (%)

18 (38)

6 (13)

24 (50)

A1C

8.2 ± 1.0%

8.1 ± 1.0%

7.9 ± 1.1%

n (%)

30 (64)

9 (19)

8 (17)

A1C

7.8 ± 1.0%

8.7 ± 0.9%

8.2 ± 1.1%

n (%)

21 (44)

18 (38)

9 (19)

A1C

7.7 ± 0.8%

8.5 ± 1.2%

7.9 ± 1.0%

P value

0.21

0.52

0.60

0.35

0.63

0.08

0.04

*Accuracy for meals/snacks was defined as within 10 g/serving; accuracy for the average of three daily menus was
evaluated as within 10 g/day, within 20 g/day, and within 30 g/day.
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As shown in Table 3, only 11
of 48 (23%) adolescents estimated
daily carbohydrates within 10 g of
the true amount despite selection of
common meals, and only 15 (31%)
estimated accurately within 20 g/day.
For dinner meals, individuals with
accurate estimation of carbohydrate
grams had the lowest A1C values
(7.7 ± 0.8%) with A1C levels of 8.5
± 1.2% and 7.9 ± 1.0% for those
in the overestimated and underestimated groups, respectively (P = 0.04
comparing across three categories).
Discussion
The findings in this pilot study
indicate that adolescents with type
1 diabetes do not accurately count
carbohydrates and commonly either
over- or underestimate carbohydrate
grams in a given meal. Adolescents
with accurate (within 10 g) carbohydrate assessment had the lowest
A1C values, and this was statistically
significant for the dinner meals.
Adolescents who overestimated the
carbohydrate grams at dinnertime
had the highest A1C values.
Although this initially seems
counterintuitive, one might speculate
that routine excess insulin bolusing
because of overestimation of anticipated carbohydrate ingestion may
lead to hypoglycemia, with subsequent overtreatment of low blood
glucose leading to chronically higher
glucose levels. Or, from a clinical
perspective, if an adolescent underestimates the carbohydrate content in
a given meal by 10 g, and he or she
is using an I:C of 1:5, the prandial
insulin dose administered would be
2 units less than actually needed,
likely resulting in postprandial
hyperglycemia.
From an efficacy perspective, the
Diabetes Control and Complications
Trial results demonstrated that
adjusting insulin for meal size
and content using meal-planning
strategies (including carbohydrate
counting, the exchange system,
weighing and measuring food, and
estimating portion sizes) in the
intensively managed group was
associated with improved glycemic
control.8 The Dose Adjustment for
Normal Eating study group in the
United Kingdom found that adult
patients with type 1 diabetes who

were taught how to use flexible
intensive insulin regimens with I:C
ratios improved their A1C values
by 1% after 6 months and reported
improved quality of life.14 Adjusting
insulin doses to match carbohydrate
intake can enhance adolescents’ independence and feelings of normalcy
and increase communication and
trust with their health care team.15
One of the only studies assessing
carbohydrate counting accuracy in
type 1 diabetic patients was reported
by Rabasa-Lhoret et al.6 and only
included nine adult patients. The
investigators presented correlation
data between patient and nutritional
software–assisted evaluation of
carbohydrate content of meals and
found 85.2% of participants’ carbohydrate evaluation was within 15%
of the computer-assisted carbohydrate assessment.6
Despite some concern for multiple comparisons, because this
was a feasibility pilot study and the
project was not formally powered
to test hypotheses related to accuracy of carbohydrate counting, we
considered a P value of < 0.05 as
statistically significant. Also, the use
of a combination of foods with real
foods in standard serving sizes, real
foods as self-serve, and food models
may have introduced some bias into
the study. Additionally, food models
are in a standard serving size that
might be easier for participants to
estimate; however, there was no difference found in accuracy between
food models, real foods in standard
serving sizes, and self-served foods.
No data are available assessing
the accuracy of carbohydrate counting in adolescents, although this
task is part of their daily diabetes
self-care. The pilot study reported
here includes adolescents specifically
and suggests that in a larger sample
of patients with type 1 diabetes, carbohydrate counting is less accurate
when compared to true carbohydrate
content of food.
Summary
From a practical perspective, preliminary findings from this pilot project
suggest that adolescents seen for diabetes care in a specialty clinic do not
count carbohydrates of commonly
consumed foods with acceptable
Diabetes Spectrum Volume 22, Number 1, 2009

accuracy. Given the need for accurate
insulin bolusing to achieve optimal
glycemic control, this represents an
understudied aspect of diabetes care
with the potential to improve patient
outcomes.
Future studies will need to
address many limitations of this
initial pilot project; include a larger
sample size; collect data on participants’ actual insulin bolusing, their
postprandial glucose levels, and
their daily glucose variability; and
include consideration of other factors
important to glucose control, such as
physical activity and dietary factors
other than carbohydrate intake. This
study was cross-sectional and only
looked at a one-time measurement of
carbohydrate counting accuracy and
A1C, both of which can change over
time due to multiple factors. Better
understanding of these relationships
is needed to improve clinical care of
youths with type 1 diabetes. This
work will help RDs, diabetes educators, and patients self-managing their
diabetes using either MDI or CSII
regimens by providing data to make
more informed bolusing decisions
that optimally incorporate both diet
and physical activity behaviors.
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