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BSTRACT
his article reviews the evidence and nutrition practice
ecommendations from the American Dietetic Associa-
ion’s nutrition practice guidelines for type 1 and type 2
iabetes in adults. The research literature was reviewed
o answer nutrition practice questions and resulted in 29
ecommendations. Here, we present the recommenda-
ions and provide a comprehensive and systematic review
f the evidence associated with their development. Major
utrition therapy factors reviewed are carbohydrate (in-
ake, sucrose, non-nutritive sweeteners, glycemic index,
nd fiber), protein intake, cardiovascular disease, and
eight management. Contributing factors to nutrition

herapy reviewed are physical activity and glucose mon-
toring. Based on individualized nutrition therapy client/
atient goals and lifestyle changes the client/patient is
illing and able to make, registered dietitians can

elect appropriate interventions based on key recom-
endations that include consistency in day-to-day carb-
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hydrate intake, adjusting insulin doses to match car-
ohydrate intake, substitution of sucrose-containing
oods, usual protein intake, cardioprotective nutrition in-
erventions, weight management strategies, regular physi-
al activity, and use of self-monitored blood glucose data.
he evidence is strong that medical nutrition therapy pro-
ided by registered dietitians is an effective and essential
herapy in the management of diabetes.
Am Diet Assoc. 2010;110:1852-1889.

n 2008 the American Dietetic Association (ADA) pub-
lished evidence-based nutrition practice guidelines
(EBNPGs) for ambulatory adults with type 1 and type
diabetes in the Evidence Analysis Library (EAL) (1).

ype 1 diabetes is primarily a disease of insulin defi-
iency, whereas type 2 diabetes is a progressive disease
hat results from defects in insulin action (insulin resis-
ance) and insulin secretion (insulin deficiency). Although
he etiology of type 1 and type 2 diabetes differs, medical
utrition therapy (MNT) goals for both are similar. MNT
lays a critical role in managing diabetes and reducing
he potential complications related to poor glycemic, lipid,
nd blood pressure control (2). The need to provide pa-
ients with evidence-based nutrition care is essential to
roviding optimum diabetes care.
The development of an EBNPG begins with an expert

anel identifying key questions and research criteria,
ollowed by a review of the evidence and writing of sum-
ary statements. Based on this evidence, recommenda-

ions are made and integrated into the Nutrition Care
rocess. This review summarizes the research reviewed
nd used to write the recommendations, reviews research
ublished after the completion of the recommendations,
tates the evidence-based nutrition practice recommen-
ations, and identifies limitations and gaps in knowledge
hat require further research. Summarizing the EAL
ndings provides for access by a broader audience.

ETHODS
n 2005, an expert panel was appointed by the ADA

vidence-Based Practice Committee to update the diabe-
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es nutrition practice guidelines originally published in
001 (3). The expert panel identified questions that ad-
ress major nutrition therapy factors for diabetes, includ-
ng carbohydrate (amount and distribution of intake,
ucrose, non-nutritive sweeteners, glycemic index, and
ber), protein intake, prevention and treatment of cardio-
ascular disease (CVD), and weight management; con-
ributing factors to diabetes nutrition therapy, including
hysical activity and glucose monitoring; and effective-
ess of medical nutrition therapy for diabetes.
The literature search criteria for each question were

etermined and the search conducted using PubMed
EDLINE, the Database of Abstracts of Reviews of Ef-

ects, and the Agency for Healthcare Research and Qual-
ty (1). Additional articles were identified from reference
ists and personal communication. Search criteria inclu-
ed: human participants with diabetes, English language
rticles, sample size �10 in each treatment group, and
ropout rate �20%. In addition, studies for prevention of
VD and weight management had to be 1 year or longer

n duration. Study design preferences were randomized
ontrolled trials or clinical controlled studies, large non-
andomized observational studies, or cohort, case-control

igure. Flow chart of article selection for the development of diabetes
riteria resulted in a review of 173 primary studies from which summ
tudies. Articles included for macronutrients were pub-

D

ished between 2001 and February 2007, for sucrose, gly-
emic index, and fiber between 1980 and February 2007,
nd for nonnutritive sweeteners between 1985 and March
006. For protein, weight management, and glucose mon-
toring between 2001 and May 2006, for physical activity
etween 2001 and June 2006, for effectiveness of diabetes
NT and CVD between 2001 and July 2006. Topics that

xtend back before 2001 were not adequately covered in
he 2001 guidelines. Studies reviewed after the comple-
ion of the recommendations were published between the
ates cited above for each topic and July 2009.
Key information was extracted and summarized by

rained analysts according to prescribed guidelines devel-
ped by the ADA (4). A total of 173 primary studies, six
eta-analyses, and two reviews (188 articles [seven pri-
ary studies had more than one publication]) were ana-

yzed and graded based on the quality of the research.
he Figure illustrates the study selection process. Using
n expert consensus method, the panel then wrote 17
ummary statements. Table 1 lists the articles reviewed
or each factor, the summary statements, and grade. The
ummary statements were used to formulate the 29 dia-
etes nutrition practice recommendations.

ition recommendations. The literature search based on predetermined
tatements and recommendations were written.
The panel also developed a clinical algorithm based on
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Table 1. Number of articles in patients with diabetes and graded summary statements used to write the recommendations in the Nutrition Practice Guidelines for Type 1 and Type 2
Diabetes Mellitus (3)

Factors
No. of primary studies [No. of
articles] (reference)

No. of meta-analyses
or review articles
(reference)

No. of new studies, meta-analyses,
or review articles added after
initial review [No of articles]
(reference) Summary statements Grade

Carbohydrate Intake 9 [9] (5-13) 0 9 studies; 2 meta-analyses [12]
(14-25)

Adjusting mealtime insulin doses to match planned carbohydrate intake in
persons with type 1 diabetes results in improved glycemic control.
Consistency in carbohydrate intake also improves glycemic control.

I

11 [12] (6,7,10-13,96,98-102) 0 Evidence for differing percentages of carbohydrate and macronutrients in the
food/meal plan is inconclusive.

I

Sucrose 15 [15] (27-41) 0 0 Sucrose intakes of 10%-35% of total energy do not have a negative effect on
glycemic or lipid responses when sucrose is substituted for isocaloric
amounts of starch.

I

Non-nutritive
sweeteners

8 [8] (31,43-49) 0 2 studies; 1 review (50-52) Studies conducted outside the United States report children and adults with
diabetes have higher intakes of non-nutritive sweeteners compared to
controls but intakes do not exceed the Acceptable Daily Intake in most
instances.

III

Glycemic index 11 [13] (5,53-58,61-66) 1 meta-analysis (59);
1 review (60)

4 studies; 1 meta-analysis [7]
(18,67-72)

Studies comparing high- vs low-Glycemic Index diets report mixed effects on
HbA1ca levels.

II

Fiber 15 [15] (40,75-88) 0 0 The evidence is inconclusive that increasing dietary fiber will influence glycemic
outcomes; however, there is conclusive evidence that higher-fiber diets will
lower total cholesterol compared to lower-fiber diets.

I

Protein Intake 6 [7] (90-96) 0 0 The amount of protein consumed has minimal influence on glycemic or lipid
responses, and shows no long-term effect on insulin requirements.

II

9 [9] (97-105) 4 studies; 2 meta-analysis (106-111) In persons with diabetic nephropathy, improvements in albumin excretion rate
are reported with protein intake �1 g/kg/d, but no improvements in
glomerular filtration rate Malnutrition has been reported with a protein intake
of �0.7 g/kg/d.

II

Cardiovascular
disease

11 [12] (8,114-116,118-125) 1 meta-analysis (117) 4 (126-129) Cardioprotective nutrition interventions reduce HbA1c, blood pressure, body
weight, and improve serum lipid profiles, all of which reduce the risk of
CVDb.

I

20 [20] (11,54,92,130-146) 0 7 (19,147-152) In persons with diabetes and CVD, cardioprotective nutrition interventions
improve endothelial health, lipid profiles, and blood pressure.

I

Weight
management

19 [20] (94,125,153-166,168-171) 1 meta-analysis (167) 11 [12] (127,172-180) In weight loss randomized controlled trials, approximately half report
improvements in HbA1c values with weight loss, whereas approximately half
report no improvement in HbA1c values despite fairly similar weight losses.
Randomized controlled trials using weight loss medications report consistent
modest improvement in HbA1c.

II

Physical activity 10 [12] (182-190,192-194) 1 meta-analysis (191);
1 review (181)

3 studies, 2 meta-analyses
(200-204)

In persons with type 2 diabetes, 90-150 min of weekly physical activity (both
aerobic and resistance/strength training) reduces HbA1c, improves insulin
sensitivity, and decreases risk for all-cause mortality.

I

4 [5] (181,195-1999) 0 1 study, 2 reviews (205-207) In persons with type 1 diabetes, glycemic control generally does not improve in
response to ongoing participation in physical activity alone.

II

Blood glucose
monitoring

3 [3] (8,9,208) 0 1 (236) In persons with type 1 diabetes, interventions that included self-management
training adjustment of insulin doses based on SMBGc improves glycemic
control compared to control groups; more frequent SMBG is associated with
better glycemic control.

I

12 [12] (208-212,215-221) 2 meta-analyses (213,
214)

3 studies; 1 meta-analysis; 1 review
(236-240)

In persons with type 2 diabetes, SMBG, compared to non-SMBG, is associated
with greater improvement in HbA1c when it is part of a structured education
program where persons use the information to make changes in their
management program; evidence on frequency and duration on SMBG is
inconclusive.

II

(continued)
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he ADA’s Nutrition Care Process of Nutrition Assess-
ent, Diagnosis, Intervention, and Monitoring and Eval-

ation to illustrate how each recommendation can be
sed within the management process. The guideline was
hen reviewed internally and externally. The external
eviewers consisted of an interdisciplinary group of
ealth professionals. The expert panel preformed their
ork via regularly scheduled conference calls, shared

nternet workspace, and a 2-day workshop.

ARBOHYDRATE INTAKE EVIDENCE AND RECOMMENDATIONS
arbohydrate intake and available insulin are the pri-
ary determinants of postprandial glucose levels. Manag-

ng carbohydrate intake is, therefore, a primary strategy for
chieving glycemic control. To develop recommendations on
he amount and distribution of carbohydrate intake in
ersons with type 1 and type 2 diabetes, a total of nine
tudies meeting the predetermined criteria were re-
iewed (Table 2).

esearch Reviewed
hree studies showed that day-to-day consistency in dis-
ribution of carbohydrate intake resulted in improved
lycemic control (5-7). Wolever and colleagues (5), in a
escriptive study of patients with type 1 diabetes, re-
orted that consistency in the amount and source of car-
ohydrate was associated with improved glycemic con-
rol. However, they also noted that this conclusion might
ot apply to persons on intensified insulin therapy who
djust their insulin doses based on their carbohydrate
ntake at each meal. Two studies in patients with type 1
iabetes who adjusted mealtime (prandial) insulin to
atch planned carbohydrate intake reported improved

lycemic control (8,9).
Of five studies evaluating differing percentages of car-

ohydrate intake, the evidence was not conclusive (6,10-
3). Two of these studies substituted monounsaturated
ats (MUFA) for carbohydrate and reported mixed results
n glycemia and lipids (10,11), Two other studies reported
enefits, two from a lower-carbohydrate (20%) diet vs a
igher-carbohydrate diet (6,12) and in contrast, the other
rom a high-carbohydrate (80%) diet vs a standard-carbo-
ydrate (55%) diet (13).

esearch Published after Completion of the
nitial Recommendations

o new studies have been published regarding consis-
ency in carbohydrate intake since completion of the lit-
rature review in February 2007. Two studies were pub-
ished supporting adjustment of mealtime insulin based
n planned carbohydrate intake. A prospective observa-
ional study in Australia of patients with type 1 and type

diabetes taught to match their insulin dose to their
arbohydrate intake reported improvements in average
lycosylated hemoglobin (HbA1c) at 1 year (14). Bergen-
tal and colleagues (15) compared use of carbohydrate
ounting vs a simplified algorithm for weekly adjust-
ents of mealtime insulin doses in patients with type 2

iabetes who used basal and bolus insulin regimens with
egular blood glucose testing. Both groups used the re-
sults of the patient’s blood glucose tests to make adjust-
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1

Table 2. Studies reporting on carbohydrate: Amount and distribution of intake

First author, y,
(reference) Population/duration Intervention (type) Major findings

DCCTa Research
Group, 1993 (8)

n�1,398 patients with type 1
diabetes/6.5 y

Conventional therapy or intensive therapy,
monthly clinic visits including registered
dietitian visits (RCTb)

Intensive diabetes therapy reduced the overall risk for onset
and progression of diabetic retinopathy, nephropathy, and
neuropathy by �50%

Garg, 1994 (10) n�42 adults with type 2
diabetes/6 wk on each diet

High CHOc (55% CHO, 30% fat) vs high MUFAd

(45% fat, 40% CHO) (RCT)
High CHO: 1 fasting TGe by 24% (P�0.0001) and plasma TG

by 10% (P�0.03), glucose by 12% (P�0.0001), and insulin
by 9% (P�0.02); other lipids unchanged

Wolever, 1999 (5) n�272 adults with type 1
diabetes/cross-sectional

2, 3-d food records during run-in for drug trial
(descriptive study)

Neither kcal or nutrient composition related to HbA1cf; day-to-
day variation of CHO (P�0.0097), starch (P�0.0016), and
Glycemic Index (P�0.033) positively related to HbA1c;
consistency in amount and source of day to day CHO
associated with improved blood glucose control

Komiyama, 2002 (13) n�24 adults with type 2
diabetes/7 d on each diet

55% CHO diet vs 80% high CHO diet
(nonrandomized trial)

High CHO: 2 insulin resistance (P�0.04) and 2 fasting
plasma glucose (P�0.04)

DAFNEg Study Group,
2002 (9)

n�136 adults with type 1
diabetes/6 mo

Participants taught to adjust mealtime insulin
based on planned CHO intake vs control
(RCT)

Treatment group vs control: HbA1c 2 1.0%, 9.4%¡8.4%
(P�0.0001) and quality of life improved (P�0.01); severe
hypoglycemia, lipids, and weight unchanged

Gerhard, 2004 (11) n�11 patients with type 2
diabetes/6 wk on each diet

High CHO ad libitum (60% CHO, 20% fat) vs ad
libitum high MUFA (25% MUFA, 45% CHO)
(RCT)

High CHO vs high MUFA: greater weight loss (1.53 kg;
P�0.001); TG, glycemic control, and insulin sensitivity did
not differ between diets

Nielsen, 2005 (7) n�24 adults with type 1
diabetes/12 mo

Low CHO (20% CHO, 30% protein, 50% fat)
(nonrandomized trial)

HbA1c 2 7.5%¡6.4% (P�0.001); meal insulin requirements
2 21¡12 units/d (P�0.001)

Nielsen, Jonsson,
Nilsson, 2005 (12)

n�31 adults with type 2
diabetes/24 wk

Low CHO (20% CHO, 30% protein, 50% fat) vs
control (60% CHO, 15% protein, 25% fat
(nonrandomized trial)

Low CHO vs control showed lower FPG and HbA1c; P values
not reported

Boden, 2005 (6) n�10 obese adults with type 2
diabetes/7 d on control diet
followed by 14 d on low
CHO diet

Low CHO (21 g CHO, 3,111¡2,164 kcal/d) vs
control (usual diet, 309 g CHO, 3,111 kcal)
(nonrandomized trial)

Low CHO: 2 kcal ¡ weight loss of 1.65 kg completely
accounted for by reduced kcal; fasting plasma glucose 2
(P�0.025); HbA1c 2 (P�0.006), and insulin sensitivity
improved by �75% (P�0.008)

Xu, 2007 (22) n�1,284 American Indians
with diabetes for �1 y at
second examination of the
Strong Heart Study

Dietary intake assessed by a 24-h recall (cross-
sectional association)

Lower CHO intake (�35%-40% of energy), higher fat intake
(�25%-30% of energy), saturated fat (�13% of energy),
and MUFA (�10% of energy) were associated with poor
glycemic control (P�0.01).

Wolever, 2008 (18) n�162 adults with type 2
diabetes managed by diet
alone/1 y

High CHO diets (47%, 52%) vs low-CHO, high
MUFA diet (RCT)

NSh differences in HbA1c, lipids, or body weight between diets

Lowe, 2008 (14) n�82 patients with type 1 and
55 patients with type 2
diabetes/1 y

CHO counting, insulin dose adjustment, and
other self-care skills taught by a registered
dietitian (observational study)

HbA1c2 from to 8.7% to 8.1% (p�0.0002); patients with HbA1c
�8%1 from 48.9% to 62.8% (P�0.0005); quality of life
(P�0.05) and problem-solving skills (P�0.00001) also improved

Bergenstal, 2008 (15) n�273 with type 2 diabetes on
basal/bolus insulin regimen/
24 wk

Mealtime insulin adjusted using CHO counting vs
simple algorithm of set mealtime doses (RCT)

CHO counting vs algorithm: HbA1c 6.54% vs 6.7% (NS); mean
HbA1c 2 from baseline, �1.46% and �1.59%, respectively
(P�0.70 for both).

Nielsen, 2008 (21) n�31 with type 2 diabetes/
44 mo

Low CHO diet (20%) vs higher CHO, low-fat diet
(55%-60%, 15% respectively (retrospective
observational study)

Low CHO group: weight 2 7.5 kg; HbA1c 2 1.2% (both
P�0.001); 7 of 15 controls switched to the low CHO diet at
6 mo. No sign of a negative cardiovascular effect in low
CHO group.

Kirk (2008) (24) 13 studies with 263
participants with type 2
diabetes/3 to 26 wks

Lower CHO diets (4% to 45% kcal) vs higher
CHO (40% to 70%) diets (meta-analysis)

HbA1c (P�0.013) and TG (P�0.001) lower on lower CHO diets;
weight was equivocal (NS); conclusion: insufficient evidence
to recommend CHO �130 g/d

Barnard, 2009 (16) and
Turner-McGrievy,
2008 (17)

n�99 adults with type 2
diabetes/22 wk (74 wks in
2009 study)

Vegan diet (75% CHO, 15% protein, 10% fat),
energy intake and CHO unrestricted vs control
(60%-75% CHO and MUFA, �7% saturated
fat), energy deficits of 500-1,000 kcal if body
mass index �25 (RCT)

Vegan vs control: HbA1c 2 1.23% vs 0.38 (P�0.01); body
weight 2 6.5 kg vs 3.1 kg (P�0.001); LDL 2 21.2% vs
10.7% (P�0.02). At wk 22, Alternate Healthy Eating Index
improved in vegan (P�0.0001) while control did not,
between groups (P�0.0001). At 74 wks, 33 of vegan and
22 of control reported adherence to diet criteria (P�0.019)

Delahanty (2009) (23) n�532 in the intensive-
treatment group of DCCT
followed �5 y

Diet-composition goals at onset: 45%-55% CHO,
10%-25% protein, 30%-35% fat, diet
consistency and regular meals, variety of
meal planning approaches (cross-sectional)

CHO intake �45.5%, total fat 35.8%, saturated fat 12.7%,
protein 18% of energy, total energy 2 from 2,496�1,036
to 2,144�707 (P�0.0001); lower CHO intake (P�0.01), and
higher saturated (P�0.002), monounsaturated (P�0.02), and
total fat (P�0.004) intakes, and higher insulin dose
(P�0.0001) associated with higher HbA1c independent of
exercise and body mass index; substitution of fat for CHO
associated with higher HbA1c (P�0.01).

Brehm, 2009 (19) n�124 overweight/obese
patients with type 2
diabetes/1 y

High MUFA (45% CHO, 40% fat [20% MUFA])
diet vs high-CHO (60% CHO, 25% fat) diets
with 2 200-300 kcal/d (RCT)

NS differences in beneficial effects on weight loss (�3.9 kg),
blood pressure, high-density lipoprotein cholesterol, HbA1c,
glucose, and insulin between groups at 1 y.

Kodama, 2009 (25) 19 studies with 306 patients
with type 2 diabetes/1.4 to
12 wk

LFHCi (ave. 58% CHO 24% fat) vs HFLCj (40%
fat, 40% CHO) diets (meta-analysis)

HbA1c, total cholesterol, low-density lipoprotein cholesterol: (NS
between groups); LFHC vs HFLC: 1 fasting insulin (P�0.02)
and TG (P�0.001), 2 high-density lipoprotein cholesterol
(P�0.001); 2 total energy intake and type of fat more
important than C:Fk for 2 TG

(continued)
856 December 2010 Volume 110 Number 12
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ents in insulin doses, which resulted in similar im-
rovements in HbA1c from both interventions.
Five studies (16-21) reported on differing percentages

f carbohydrate intake. In individuals with type 2 diabe-
es, Barnard and colleagues (16,17) compared a low-fat
egan diet to a diet following the 2003 American Diabetes
ssociation guidelines (72% vs 48% carbohydrate intake
t Week 22 and 67% vs 48% carbohydrate at Week 74,
espectively). At 22 weeks, both diets improved glycemic
nd lipid control, but the improvements were greater in
he low-fat vegan group.

A 1-year study comparing two higher-carbohydrate di-
ts (47% and 52%) to a lower-carbohydrate (39%), high-
UFA diet showed no impact from the amount of carbo-

ydrate intake on glycemic control, HbA1c, lipid levels,
nd body weight (18). Similarly, in another 1-year study
omparing a high-carbohydrate, low-fat diet (60% carbo-
ydrate, 25% fat) to a high-MUFA, moderate-carbohy-
rate diet (45% carbohydrate, 40% fat [20% MUFA]) with
rior energy intake reduced by 200 to 300 kcal/day in all
hree groups, weight loss was similar over 1 year (�3.9
g) and improvements in body fat, waist circumference,
iastolic blood pressure, high-density lipoprotein choles-
erol, HbA1c, and fasting glucose and insulin were com-
arable (19). Another 1-year weight loss study reported
imilar effects on weight and HbA1c from a low-carbohy-
rate diet compared to a low-fat diet for weight loss (20).
n contrast, another study reported improvements in
ody weight and glycemic control at 44 months from a
ow-carbohydrate reduced-energy diet vs a low-fat/low-
nergy diet (21).
The association of macronutrient intake and HbA1c in

,284 American Indian adults with diabetes was exam-
ned in the Strong Health Study. A lower intake of car-
ohydrate and higher consumption of total fat and satu-
ated and monounsaturated fatty acids were associated
ith poorer glycemic control (22). Similarly, in patients
ith type 1 diabetes receiving intensive treatment in the
iabetes Control and Complications Trial, diets lower in

arbohydrate and higher in total and saturated fats were
ssociated with worse glycemic control, independent of
xercise and body mass index (BMI) (23).

Table 2. Studies reporting on carbohydrate: Amount and distribution

First author, y,
(reference) Population/duration Intervention (type)

Davis, 2009 (20) n�105 overweight adults with
type 2 diabetes/1 y

Low CHO diet (modeled
fat diet (25% of ener

aDCCT�Diabetes Control and Complications Trial.
bRCT�randomized controlled trial.
cCHO�carbohydrate.
dMUFA�monounsaturated fatty acids.
eTG�triglycerides.
fHbA1C�glycosylated hemoglobin.
gDAFNE�Dose Adjustment for Normal Eating.
hNS�non-significant.
iLFHC�low-fat high-carbohydrate.
jHFLC�high-fat low-carbohydrate.
kC:F�carbohydrate-to-fat ratio.
A meta-analysis on restricted-carbohydrate diets in pa- t

D

ients with type 2 diabetes reported that weight loss was
imilar, but HbA1c, fasting glucose, and triglyceride lev-
ls improved with lower carbohydrate-content diets com-
ared to the higher-carbohydrate diets (24). The carbohy-
rate content in the restricted-carbohydrate diets ranged
rom 4% to 45% of total energy intake and in the higher
arbohydrate diets from 40% to 70% of total energy. In-
erpretation of these data is difficult due to the overlap in
he definitions of low- and high-carbohydrate intake.
our of the trials met ADA criteria and are included in
able 2 (2,6,10,11). A second meta-analysis of low-fat,
igh carbohydrate (24%/58%) compared to high-fat, low
arbohydrate (40%/40%) diets found no significant differ-
nces in reduction in HbA1c and total and low-density
ipoprotein (LDL) cholesterol; however, the low-fat, high-
arbohydrate diet increased fasting insulin and triglycer-
de levels and lowered high-density lipoprotein choles-
erol levels when energy intake was isocaloric, but did not
ncrease triglyceride levels when a reduced-energy diet
as prescribed (25). Only one of the trials met ADA

riteria and is included in Table 2 (10). Of interest, most
ndividuals with diabetes do not eat a low- or high-carbo-
ydrate diet, but rather report eating a moderate intake
f carbohydrate (�44% of total energy in individuals with
ype 2 diabetes [26] and �46% in individuals with type 1
iabetes [23]).

ecommendations for Carbohydrate Intake
n persons receiving either MNT alone, glucose-lowering
edications, or fixed insulin doses, meal and snack car-

ohydrate intake should be consistently distributed
hroughout the day on a day-to-day basis, as consistency
n carbohydrate intake has been shown to result in im-
roved glycemic control. Diets too low in carbohydrate
ay eliminate too many foods that are important sources

f vitamins, minerals, fiber, and energy.
In persons with type 1 (or type 2) diabetes who adjust

heir mealtime insulin doses or who are on insulin pump
herapy, insulin doses should be adjusted to match car-
ohydrate intake (insulin-to-carbohydrate ratios). This
an be accomplished by comprehensive nutrition educa-

ntake (continued)

Major findings

tkins diet) vs low-
ds) (RCT)

NS difference in weight loss (�3.1 kg), HbA1c, blood pressure,
total cholesterol, TG, low-density lipoprotein cholesterol
between groups, all NS from baseline; high-density
lipoprotein cholesterol 1 in low CHO group (P�0.002).
of i

after A
gy nee
ion and counseling on interpretation of blood glucose
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atterns, nutrition-related medication management, and
ollaboration with the health care team. Adjusting insu-
in doses based on planned carbohydrate intake has been
hown to improve glycemic control and quality of life
ithout any adverse effects. However, protein and fat

ontent (total energy intake) cannot be ignored as exces-
ive energy intake may lead to weight gain.
Registered dietitians (RDs) should encourage consump-

ion of macronutrients based on the Dietary Reference
ntakes for healthy eating as research does not support
ny ideal percentage of energy from macronutrients in
eal plans for persons with diabetes. Research published

fter the completion of the EBNPG also provides support
or this position (16-21,24,25).

imitations of Current Research and Additional Research
eeded for Carbohydrate Intake
tudies examining consistency vs inconsistency of carbo-
ydrate distribution are limited in number. Conclusions
re, therefore, drawn from studies in which carbohydrate
ntake was kept consistent, although this was not always
he primary study question. The majority of the studies
xamining differing percentage of carbohydrate intake
re of short duration, have small sample sizes, and are
redominately nonrandomized trials. They frequently
ave no assessment of actual dietary intake and vary in
efinitions of low and high carbohydrate intakes. Studies
ublished after the completion of the EBNPG tend to be
f a higher quality and longer duration but report con-
icting outcomes (16-21). Additional research is war-
anted.

UCROSE EVIDENCE AND RECOMMENDATIONS
o evaluate the relationship between sucrose intake and
etabolic outcomes in persons with type 1 and type 2

iabetes, a total of 15 studies examining the effect of
ucrose when substituted for isocaloric amounts of starch
n glycemic control met the predetermined criteria and
ere evaluated (Table 3).

esearch Reviewed
esearch consistently reported that the total amount of

arbohydrate consumed at meals, regardless of whether
he source is sucrose or starch, is the primary determi-
ant of postprandial glucose levels. Eleven studies, rang-

ng in length from 2 days to 4 months and sucrose intake
anging from 19 to 42 g/day (5% to 35% of daily energy),
howed no effect of sucrose intake on glycemic control
ompared to a lower sucrose intake when total carbohy-
rate is similar (27-37). Similar results were found from
wo one-meal studies (38,39) and one cross-sectional
tudy (40). Three studies also observed no effects on lipids
rom the high sucrose diets (27,28,36). However, one 15-
ay study comparing 16% to 1% sucrose concluded that
he addition of sucrose resulted in increased hyperglyce-
ia and serum lipid levels (41).

esearch Published after Completion of the
nitial Recommendations

o studies meeting inclusion criteria published after Feb-

uary 2007 were found. b

858 December 2010 Volume 110 Number 12
ecommendations for Sucrose
f persons with diabetes choose to eat foods containing
ucrose, the sucrose-containing foods can be substituted
or other carbohydrate foods. Sucrose intakes of 10% to
5% of total energy do not have a negative effect on
lycemic or lipid level responses when substituted for
socaloric amounts of starch.

imitations of Current Research and Additional Research
eeded for Sucrose
vailable research substituted isocaloric amounts of su-
rose for starches. It is unknown whether individuals will
ubstitute excessive amounts of sucrose for starches that
ill contribute to inadequate intake of foods contributing

ssential nutrients or if sucrose-containing foods habitu-
lly added to usual intake will lead to excessive energy
ntake.

ON-NUTRITIVE SWEETENERS (NNS) EVIDENCE
ND RECOMMENDATIONS
ive NNS (sometimes called artificial sweeteners) are
pproved by the US Food and Drug Administration
FDA): aspartame, saccharin, acesulfame K, neotame,
nd sucralose. They are regulated as food additives and,
herefore, must be approved as safe before being mar-
eted. Studies in animals are the predominate type of
esearch used in the approval process; very few human
tudies are available. The FDA also sets a sweetener
cceptable Daily Intake (ADI)—the level a person can
afely consume on average every day over a lifetime with-
ut risk (42). In December 2008, the FDA stated that the
tevia-derived sweetener rebaudioside A is generally rec-
gnized as safe as a food additive. To evaluate the role of
NS in the management of diabetes and their glycemic

esponse and to determine what is the intake of NNS in
ersons with diabetes, eight studies that met predeter-
ined criteria were evaluated (Table 4).

esearch Reviewed
n a limited number of human studies, NNS intake had
o effect on the glycemic responses and plasma lipid

evels in adults with diabetes when NNS were added to
iets as compared to control diets (31,43,44). One study
eported a decrease in plasma glucose with the use of
ucralose (45). In an examination of cross-sectional data
rom the third National Health and Nutrition Examina-
ion Survey, higher HbA1c levels in adults with diabetes
ere found in those who drank one or more drinks of diet

oda per day compared to those who drank none (46).
In a limited number of studies conducted outside the
nited States, children and adults with diabetes com-
ared to controls were found to have higher intakes of
NS, which in most cases did not exceed the ADI (47,48).
n exception was Swedish children’s intake of acesul-

ame-K and saccharin, which was greater than the ADI
hen worst case estimates were used (49).

esearch Published after Completion of the Initial
ecommendations
wo studies evaluated the effect of steviol glycoside (re-

audioside A) from the plant Stevia rebaudiana com-



Table 3. Studies reporting on sucrose substituted for isocaloric amounts of starch on glycemic controle

First author, y,
(reference) Population/duration Intervention (type) Major findings

Bantle, 1983 (38) n�32 (12 adults with type 1 diabetes, 10
adults with type 2 diabetes, 10 adults
without diabetes)/1 breakfast meal per
variant per subject

5 breakfasts, 42 g CHOa from potato starch, wheat
starch, sucrose, glucose, or fructose
(nonrandomized crossover trial)

Sucrose did not produce a more rapid glucose rise,
peak glucose increment, or greater glucose area
increment compared to potato or wheat starch

Chantelau, 1985 (27) n�10 patients with type 1 diabetes and
on insulin pump/4 wk each period

Sucrose (24�13 g/d) vs cyclamate (randomized
crossover trial)

NSb differences in HbA1cc, random plasma
glucose, lipids, or body weight

Coulston, 1985 (41) n�11 adults with type 2 diabetes/15 d
on each diet

16% of kcal from sucrose vs 1% of kcal from sucrose
(nonrandomized crossover trial)

Addition of sucrose 1 day-long postprandial
hyperglycemia (P�0.05), fasting and
postprandial TGd (P�0.05), and fasting total
cholesterol (P�0.001)

Peterson, 1986 (28) n�12 adults with type 1 diabetes and 11
adults with type 2 diabetes/6 wk on
each diet

45 g starch replaced with 45 g sucrose vs control
(randomized crossover trial)

NS differences in glucose profiles or lipids

Bantle, 1986 (29) n�12 adults with type 1 diabetes and 12
adults with type 2 diabetes/8 d on
each diet

Sucrose diet (23%) vs starch diet (�5% from sucrose
and fructose) vs fructose diet (21%) (randomized
crossover trial)

Sucrose vs starch diets: NS differences on all
measures of glucose values; glucose values 2
on fructose diet vs other diets (P�0.1)

Buysschaert,
1987 (30)

n�10 with diabetes treated with insulin/3
mo on each diet

Sucrose-enriched diet (12% of starch replaced with
19 g/d sucrose vs no added sucrose diet

Sucrose intake had no clinical or metabolic effects

Cooper, 1988 (31) n�17 adults with type 2 diabetes/6 wk
on each diet

Usual diet�28 g sucrose vs �saccharin and starch
equal to 28 g sucrose (randomized crossover trial)

NS differences in meal glycemic responses

Santacroce, 1990 (32) n�12 with type 1 diabetes/2 mo on each
diet

Sucrose diet (16%) vs control diet (randomized
crossover trial)

NS difference in metabolic control between diets

Loghmani, 1991 (33) n�10 children with type 1 diabetes/2 d
on each diet

10 g sucrose/d (2% of kcal) vs 52 g sucrose/d (10%
of kcal) (randomized crossover trial)

NS differences in glucose responses

Bantle, 1993 (34) n�12 adults with type 2 diabetes/28 d
on each diet

High sucrose diet (19%) vs starch diet (�3% kcal
from sucrose) (randomized crossover trial)

NS differences in fasting or postprandial glucose

Shimakawa, 1993 (40) n�136 adults with type 1 diabetes/not
applicable

Mean sucrose intake: 6.4%�4.1% for men;
7.1%�14.1% for women (cross-sectional study)

Sucrose intake did not show any association with
HbA1c

Schwingshandl,
1994 (35)

n�28 adolescents with type 1 diabetes/
83 d for sucrose group, 77 d for
conventional group

Sucrose (5% sucrose) vs sucrose completely restricted
diet (nonrandomized clinical trial)

NS differences in HbA1c between groups

Malerbi, 1996 (36) n�16 adults with well-controlled type 2
diabetes/28 d on each diet

Sucrose diet (19%) vs fructose diet (20%) vs control
diet (5% of kcal from sugars) (nonrandomized
crossover trial)

NS effects of CHO sources on blood glucose
control, lipids, or insulin levels

Nadeau, 2001 (37) n�48 adults with type 2 diabetes/4 mo Taught how to use sugar choices vs taught to avoid
concentrated sweets) (RCTe)

NS differences in HbA1c or other metabolic
outcomes between groups

Rickard, 2001 (39) n�10 adolescents with type 1 diabetes/
4-h study of each diet

High sucrose diet (35%) vs moderate sucrose (17%)
(RCT)

NS difference in glycemic response to diets

aCHO�carbohydrate.
bNS�non-significant.
cHbA1C�glycosylated hemoglobin.
dTG�triglycerides.
eRCT�randomized controlled trial.
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Table 4. Studies reporting on non-nutritive sweeteners metabolic responses and intake in persons with diabetes

First author, y,
(reference) Population/duration Intervention (type) Major findings

Cooper, 1988 (31) n�17 adults with type 2 diabetes/6
wk on each diet

Usual diet�28 g sucrose vs �saccharin and starch equal to
28 g sucrose (randomized crossover trial)

NSa differences in meal glycemic responses

Mezitis, 1996 (43) n�13 adults with type 1 diabetes
and 13 adults with type 2
diabetes/2 meal tests

1,000 mg sucralose vs cellulose placebo in 350 kcal liquid
breakfast (RCTb)

NS difference in plasma glucose or
C-peptide between groups

Garnier-Sagne, 2001
(47)

n�227 children with diabetes/not
applicable

Consumption of 3 most commonly consumed sweeteners
compared to relevant average Acceptable Daily Intake (cross-
sectional)

Although children with diabetes in France
have median intakes of sweeteners which
exceed the 90th percentile of the general
population, intake did not exceed
Acceptable Daily Intake

Ilback, 2003 (49) n�790 individual with diabetes of
various ages/not applicable

Estimation of intake of artificial sweeteners in Sweden (cross-
sectional)

In adults intakes of non-nutritive sweeteners
did not exceed the Acceptable Daily
Intake

Reyna, 2003 (45) n�16 adults with type 2 diabetes/4
wks

Experimental group, 2 starch servings of 3 cookies made with
sucralose and a fat replacer vs Cf group (RCT)

Both groups: NS difference in 2 of HbA1cc

from baseline, total cholesterol, and low-
density lipoprotein cholesterol

Grotz, 2003 (44) n�128 adults with type 2 diabetes/
3-mo on each diet

667 mg sucralose supplement vs placebo (RCT) NS difference in HbA1c between groups;
sucralose group vs placebo had a 2 in
fasting plasma glucose (P�0.02)

Cullen, 2004 (48) n�85 adults with type 1 diabetes
and 85 matched controls/1 wk

Total intense sweetness index in participants with diabetes who
were high users of intense sweeteners compared to matched
control (observational study)

Diabetes group vs control had a higher total
intense sweetness intake index and use
level of intense sweeteners (2.5 vs 1.4/d;
P�0.0001)

Mackenzie, 2006 (46) n�1,024 persons with diabetes
from third National Health and
Nutrition Examination Survey
data/not applicable

Association between type of beverage consumed and glucose
control (cross-sectional association)

HbA1c positively associated with
consumption of diet soda (r�0.14;
P�0.025) but not regular soda (r�0.08;
P�0.10)

Renwick, 2006 (52) Not applicable Intake of intense sweeteners (review) Average and 95th percentile intakes of
acesulfame-K, aspartame, cyclamate, and
saccharin by adults are below Acceptable
Daily Intake values.

Barriocanal, 2008 (50) n�16 patients with type 1
diabetes, 30 with type 2
diabetes, 30 without
diabetes/3 mo

Steviol glycoside stevioside (250 mg three daily servings) from
the plant Stevia rebaudiana vs placebo (RCT)

Steviol glycoside groups: NS blood pressure
glucose, and HbA1c from baseline; no
side effects observed

Maki, 2008 (51) n�122 adults with type 2 diabetes/
16 wk

Rebaudioside A, a steviol glycoside (1,000 mg) vs placebo (RCT) Between groups: NS HbA1c, blood pressure,
body weight, lipids; from baseline: NS
changes for both groups in fasting
plasma glucose and insulin

aNS�non-significant.
bRCT�randomized controlled trial.
cHbA1c�glycosylated hemoglobin.
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ared to a placebo in persons with diabetes (50,51). Both
eported no effects on glucose, HbA1c, blood pressure, or
ody weight from the sweetener. A review of intense
weeteners intake reported that the average and 95th
ercentile intakes of acesulfame-K, aspartame, cycla-
ate, and saccharin by adults were below ADI values,

nd no significant changes in the intake of sweeteners
as occurred in recent years (52).

ecommendations for NNS
f persons with diabetes choose to consume products con-
aining FDA-approved NNS at levels that do not exceed
he ADIs, the RD should advise that some of these prod-
cts might contain energy and carbohydrate from other
ources that needs to be accounted for. However, research
eports that NNS intake does not effect changes in gly-
emic responses.

imitations of Current Research and Additional Research
eeded for NNS
he number of studies examining the safety and use of
NS in persons with diabetes is limited—only five stud-

es were identified. However, these products are widely
ested and proven to be safe in animal studies before
eing marketed. The FDA determines their safety and
DI. Additional studies are needed to monitor long-term
etabolic outcomes and effects on appetite in humans,

specially in adults and children with diabetes, and to
etermine amounts consumed.

LYCEMIC INDEX (GI) EVIDENCE AND RECOMMENDATIONS
lthough the balance between total carbohydrate intake
nd available insulin is the primary determinant of post-
randial glucose response, research studies have identi-
ed a number of other factors that influence the glycemic
esponse to food. The GI compares the relative area under
he postprandial glucose curve of 50 g digestible carbohy-
rate with 50 g reference food, either glucose or white
read. When bread is the reference food, the GI value for
he food is multiplied by 0.7 to obtain the GI value with
lucose as the reference food. Problems such as the intra-
nd intervariability of glucose responses have been re-
orted and the use of the GI in clinical practice has been
uestioned. To determine the relationship between GI
nd metabolic outcomes in persons with type 1 and type
diabetes, 14 studies (15 articles) that met predeter-
ined criteria were evaluated (Table 5).

esearch Reviewed
wo studies reported benefit from lower-GI diets com-
ared to higher-GI diets on either HbA1c or fructosamine
alues (53,54) and one study reported benefits from a low
I breakfast compared to a high-GI breakfast (55). Four

ohort or descriptive studies (5,56-58), one meta-analysis
59), and one review (60) also reported a beneficial asso-
iation between HbA1c and lower-GI diets. Six of the
rials in the meta-analysis met ADA criteria and are
ncluded in Table 5 (53-55,61,64,65). The review was

ritten in 1991 before much of the research on the GI was (

D

ublished. In one study, a low-GI value also was reported
o be inversely related to simple sugar intake (58).

Four studies reported no positive effects on HbA1c from
ower- vs higher-GI diets (61-66), although two of the
tudies reported benefit on fructosamine values (64,65)
nd one study changed the GIs of breakfast only (66).

esearch Published after Completion of the Initial
ecommendations
wo trials, 1 year in duration, reported no significant
ifferences in HbA1c levels from low- vs high-GI diets
18,67) or American Diabetes Association diets (68) at
tudy end. However, one study (18) reported improve-
ent in C-reactive protein values from a low-GI diet

ompared to a high-GI diet and the possibility that a
ow-GI diet can increase the disposition index, an index of
eta cell function, compared to a low-carbohydrate diet
67). The other study reported less use of diabetes medi-
ations from low- compared to high-GI diets (68). Another
tudy based on low- vs high- GI Japanese foods reported
imilar decreases in HbA1c values from baseline to study
nd in both groups (69). A 1-day study in youth with type
diabetes using continuous glucose monitoring reported

ower daytime mean and area �180 mg/dL (9.99 mmol/L)
lucose values, but no differences in daytime glucose area
70 mg/dL (3.89 mmol/L) or in nighttime glucose values

rom low- compared to high-GI diets (70,71).
A Cochrane review included studies lasting 4 weeks or

onger (72). Five of the trials met ADA criteria and are
ncluded in Table 5 (53-55,61,65). Unfortunately, the two
ecent 1-year studies reviewed above were not included in
he review (18,68).

ecommendations for GI
f the use of GI is proposed as a method of meal planning,
Ds should advise on the conflicting evidence of effective-
ess of this strategy. Studies comparing high- vs low-GI
iets report mixed effects on HbA1c levels. These studies
re complicated by differing definitions of high-GI or
ow-GI diets or quartiles, as well as possible confounding
ietary factors.

imitations of Current Research and Additional Research
eeded for GI
efinitions of low- vs high-GI diets vary widely. In the

tudies reviewed, GIs in the low-GI diets range from 38%
o 77% and in the high-GI diets from 63% to 98%. Other
roblems include the variability of GI responses from
arbohydrate-containing foods within and among individ-
als (73,74). Variability problems in determining the GI
f foods also need to be addressed. When reported, it
ppears that persons with diabetes already consume a
oderate-GI diet (54), and it is unknown whether moving

he usual GI down a few units will result in improved
lycemic control.
Of the 15 studies reviewed, 12 are of a short duration,

asting less than 3 months, with a limited number of
articipants. Three studies were of 1-year duration. At
tudy end, one study reported no difference in actual GI
etween the low-GI and carbohydrate-counting groups

61) and two studies reported no differences in HbA1c

ecember 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1861
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etween the low-GI groups and control groups (18,68).
olever and colleagues (18) in their year-long trial found
nonsignificant trend toward a temporary reduction in
bA1c at approximately 6 weeks from the low-GI diet

hat was not sustained for 1 year.

IBER EVIDENCE AND RECOMMENDATIONS
ontroversy exists regarding the effect dietary fiber may
ave on glycemic and lipid level outcomes in people with

Table 5. Studies reporting on the relationship between the glycemic

First author, y,
(reference) Population/duration Intervention (t

Wolever, 1991 (60) Patients with type 1 or type 2 diabetes/not
applicable

Not applicable (

Wolever, 1992 (55) n�15 patients with type 2 diabetes/2 wk
on each diet

Low-GI (60) vs
(RCTb)

Fontvieille, 1992 (65) n�18 patients with type 1 or type 2
diabetes/5 wk on each diet

Low-GI (38�5)
diets (RCT)

Frost, 1994 (53) n�51 patients with type 2 diabetes/12 wk Low-GI (77) vs

Wolever, 1994 (58);
1999 (5)

n�272 adults with type 1 diabetes/not
applicable

Low GI (70) vs
study)

Jarvi, 1999 (64) n�20 adults with type 2 diabetes/3 wk on
each diet

Low GI (57) vs

Gilbertson,
2001 (61);
2003 (62)

n�104 children with type 1
diabetes/12 mo

Low GI (target 6
group; actua
groups (RCT

Buyken, 2001 (56) n�2,810 patients with type 1 diabetes/3-d
food records at assessment

Median GI for lo
median GI fo
(cohort study

Heilbronn, 2002 (63) n�56 overweight adults with type 2
diabetes/8 wk

Low-GI (43) vs

Kabir, 2002 (66) n�13 adult men with type 2 diabetes/4
wk on each diet

Low-GI breakfa
breakfast (64

Rizkalla, 2004 (54) n�12 men with type 2 diabetes/4 wk on
each diet

Low-GI (39) vs

Brand-Miller,
2003 (59)

N�14 studies with 356 participants with
diabetes/studies’ duration 12 d to
12 mo

Low-GI (53-77)
diets (meta-

Burani, 2006 (57) n�21 adults with type 1 or type 2
diabetes, who had completed 2 h of
medical nutrition therapy (low-GI diet)/
single interview

Mean GI of mea
mean of 59

Amano, 2007 (69) n�40 adults with type 2 diabetes or
impaired fasting glucose/3 mo

Low-GI (62) vs
(RCT)

Wolever, 2008 (18);
2008 (67)

n�162 adults with type 2 diabetes
managed by diet alone/1 y

Low-GI (55) vs
CHO, high–m
acid diets (R

Ma, 2008 (68) n�40 adults with type 2 diabetes/1 y Low-GI (76) vs
Association d

Nansel, 2008 (70),
Rovner, 2009 (71)

n�20 youths with type 1 diabetes using
continuous glucose monitoring/1 d

Low GI (40) vs
(crossover tr

Thomas, 2009 (72) 11 studies with 402 participants, whose
diabetes was not optimally controlled/1
to 12 mo

Low-GI vs high
review)

aGI�glycemic Index.
bRCT�randomized controlled trial.
cNS�non-significant.
dHbA1c�glycosylated hemoglobin.
eCHO�carbohydrate.
iabetes. To evaluate the relationship between fiber and e

862 December 2010 Volume 110 Number 12
etabolic outcomes in persons with type 1 and type 2
iabetes, a total of 15 studies that met the predetermined
riteria were reviewed (Table 6).

esearch Reviewed
here is inconclusive evidence that increasing dietary
ber will influence glycemic outcomes in people with
iabetes. Five studies compared high-fiber (40 to 60 g)
o low-fiber (10 to 20 g) diets with similar macronutri-

x value of foods/diets and metabolic outcomesc

Major findings

ve review) Diets with reduced GIa results in modest improvements in overall
glucose control; no criteria for studies given

I (87) diets Low- vs high-GI diet: breakfast postprandial blood glucose less
(47�6 vs 67�6 mg/dL, P�0.001)

h-GI (64�2) Low-GI vs high-GI: NSc difference in HbA1cd; fructosamine
(3.9�0.9 vs 3.4�0.4 mmol/L, P�0.05); and 2-h postprandial
blood glucose (208.8�52.2 vs 187.2�45.0 mg/dL, P�0.02)

I (82) diets (RCT) Correlation between low GI and 2 in fructosamine (r�0.54,
P�0.01), fasting blood glucose (r�0.41, P�0.05)

I (98) (descriptive Day-to-day variation of CHOe (P�0.0097), starch (P�0.0016),
and GI (P�0.033) positively related to HbA1c

I (83)/(RCT) HbA1c between groups: NS; fructosamine lower in low-GI group
(P�0.05)

vs CHO-counting
s NS between

Low GI: lower HbA1c (8.15 vs 8.6, P�0.05); dietary quality or
more limited food choices did not differ between groups

uartile (75) vs
st GI (89)

Lower GI related to lower HbA1c (P�0.0001)

I (75) diets (RCT) Fasting glucose, area under the curve or HbA1c: NS between
groups

vs high-GI
)

HbA1c, fasting blood glucose, and insulin not affected by chronic
changes in type of breakfast

I (71) diets (RCT) Low GI vs high GI: HbA1c 2 0.4% (P�0.05) and fasting blood
glucose 2 9 mg/dL, P�0.05)

h-GI (79-106)
s)

Low-GI vs high-GI diets: 2 HbA1c by 0.43% (confidence interval
0.72-0.13)

ced from a
cohort study)

Of 199 patients seen only 21 met study criteria (ie, were
successful); HbA1c 2 19.4% between initial counseling and
interview (P�0.0005)

tional (68) diets HbA1c 2 from baseline in both groups (P�0.001), but NS
between groups

I (63) vs low-
saturated fatty

Between groups: HbA1c (NS); low-GI diet: fasting glucose higher
(P�0.04) but 2-h postprandial blood glucose lower (P�0.01),
mean C-reactive protein 2 0.8 mg/L (P�0.0078); follow-up
analysis suggested that a low-GI diet 1 disposition index, an
index of beta cell function compared to low-CHO diet
(P�0.05)

an Diabetes
T)

HbA1c 2 from baseline in both groups (P�0.001, but NS at any
time point); intervention group less likely to add or increase
diabetes medications (odd ratio 0.26, P�0.01)

I (64) diets Low- vs high-GI diet: lower daytime mean blood glucose
(P�0.001) and blood glucose area �180 mg/dL (P�0.001)
but NS blood glucose area �70 mg/dL; 1-d low GI vs 1-d
usual meals, more fiber (P�0.007) and less fat (P�0.005)

s (Cochrane Low vs high GI: HbA1c –0.5% (P�0.02) (review same studies as
in 59; did not include two 1-y studies (18,68)
inde

ype)

narrati

high-G

vs hig

high-G
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high G

5-70)
l GI wa
)
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ificant differences between diets on HbA1c (75,76);
ne study showed a 2% reduction in HbA1c only in
articipants compliant with the 50-g fiber diet (77).
hree studies found 24-hour glycemic profiles lower
n the higher fiber compared to lower-fiber diets
75,77,78) and one study of differing fiber content of
eals showed lower postprandial glucose levels after

he higher-fiber meals (79).
Another five studies compared high-fiber (30 to 53 g) to

ower-fiber (5 to 20 g) diets with differing macronutrient
ercentages of energy. Two studies showed no differences
n HbA1c between diets (80,81), while two studies showed
mprovements in HbA1c with the high-fiber compared to

Table 6. Studies reporting on the effect of fiber intake on glycemic

First author, y,
(reference) Population/duration Intervention (ty

Kinmonth,1982 (78) n�10 adolescents with type 1 diabetes/8
wk on each diet

HFa (60 g) vs LF

Lindsay, 1984 (86) n�12 adolescents with type 1
diabetes/24 d

Control (22 g fib
fiber) for 14

McCulloch, 1985 (86) n�34 adults with type 1 diabetes/4-6 mo HF CHO: (32 g a
control (20 g

Riccardi, 1984 (84) n�14 patients with type 1 and type 2
diabetes/10 d on each diet

HF CHO (53 g) v
(RCT)

Story, 1985 (85) n�17 patients with type 1 and 2 diabetes/
average of 4-y

Control (20 g fib
fiber) for 2 w
50 g/d) (time

Simpson, 1988 (87) n�13 adults with type 2 diabetes/5 wk LF CHO (21 g fi
fiber) for 3 w
series)

Del Toma, 1988 (79) n�10 adults with type 2 diabetes/1 meal High soluble fibe
fiber (34 g) v
crossover tria

Hagander, 1988 (76) n�14 adults with type 2 diabetes/8 wks
on each diet

HF (44 g) vs LF

Anderson, 1991 (81) n�11 adults with type 1 diabetes/4 wk on
each diet

HF CHO (72 g/d
(11g/d) (RCT)

Shimakawa,
1993 (40)

n�136 adults with type 1 diabetes/not
applicable

Previous 12 mo
kcal) (cross-s

Milne, 1994 (80) n�64 adults with type 2 diabetes/18 mo HF CHO: �30 g
moderate lipi
(RCT)

Buyken, 1998 (88) n�3,250 patients with type 1 diabetes/not
applicable

Total fiber (18 g

Stevens, 1985 (82) n�52 adults with type 2 diabetes/6 wks HF: 20-30 g (19
(50 g) vs Am
(14 g) vs con

Chandalia, 2000 (75) n�13 adults with type 2 diabetes/6 wk HF (50 g) vs MF

Giacco, 2000 (77) n�63 patients with type 1 diabetes/24 wk HF (50 g) vs LF

aHF�high fiber.
bLF�low fiber.
cRCT�randomized controlled trial.
dCHO�carbohydrate.
eNS�non-significant.
fHbA1c�glcosylated hemoglobin.
gMPG�mean (daily) plasma glucose.
hTG�triglycerides.
iMF�moderate fiber.
he low-fiber diet (82,83). Three studies found no change T

D

n fasting blood glucose between diets (84-86), whereas
ne study found significant improvement in fasting blood
lucose in the higher- vs the lower-fiber diet (87). One
ross-sectional study found that fiber intake was in-
ersely related to HbA1c (88) and another study showed
o relationship (40).
There appears to be conclusive evidence that higher-

ber diets will lower total cholesterol significantly com-
ared to lower-fiber diets. In eight of the above studies
ipid levels were measured outcomes. Seven studies
howed a significant decrease in total cholesterol in
he higher-fiber compared to the lower-fiber group
75,76,81,82,84,85,87) and one showed no change (80).

lipid outcomes

Major findings

g) (RCTc) HF vs LF: 2 24-h area under the curve (P�0.01), pre-
(P�0.01) and postprandial blood glucose (P�0.001)

10 d; HF CHOd (64 g
series)

Fasting blood glucose and serial blood glucose after lunch
and dinner: NSe

d) vs LF CHO (29 g) vs HF CHO and LF CHO: 2 HbA1cf vs control (P�0.05)

6 g) vs LF CHO (20 g) HF CHO vs LF: 2 2-h postprandial blood glucose
(P�0.01), MPGg (P�0.005), low-density lipoprotein
cholesterol (P�0.001) and high-density lipoprotein
cholesterol (P�0.001); fasting blood glucose and TGh

(NS)
7-10 d; HF CHO (65 g
CHO maintenance (40-

)

HF CHO maintenance vs control: 2 total cholesterol
(P�0.05) and TG (P�0.05); fasting blood glucose (NS)

3 d; HF CHO (56 g
CHO for 2 wk (time

HF CHO vs LF CHO: 2 FBG (P�0.01), total cholesterol
(P�0.001), high-density lipoprotein cholesterol
(P�0.05)

g) vs high insoluble
g) (randomized

HSF vs other 2 meals: 2 postprandial blood glucose
(P�0.001)

(RCT) HF vs LF: 2 fasting blood glucose (P�0.01), total
cholesterol (P�0.025), low-density lipoprotein
cholesterol (P�0.025); high-density lipoprotein
cholesterol, TG, HbA1c: NS

d achieved]) vs LF CHO HF CHO vs LF CHO: 2 total cholesterol and high-density
liporotein cholesterol (P�0.001 for both); HbA1c: NS

take: 8-11 g/1,000
l)

No relationship between fiber and HbA1c

g achieved) vs
) vs control (17 g)

HF CHO vs moderate lipid vs control: HbA1c: NS; lipids: no
lasting differences between groups

-53.4]) (cross-sectional) Total fiber inversely related to HbA1c (P�0.02)

ieved) vs HF�oatbran
Diabetes Association
g) (RCT)

HF vs control: HbA1c 2 (P�0.05); HF and HF�oatbran vs
American Dietetic Association and control: total
cholesterol 2 (P�0.05)

) (RCT) HF vs MF: 2 24-h AUC (P�0.02), total cholesterol
(P�0.02), TG (P�0.02); HbA1c: NS

(RCT) HF vs LF: HbA1c 2 2% in compliant HF group (P�0.01),
no change in intent-to-treat group; MPG 2 9%-15% in
both groups (P�0.05); lipids NS in both groups
and

pe)

b (20

er) for
d (time
chieve

) (RCT)
s LF (1

er) for
ks; HF
series

ber) for
ks; LF

r (32
s LF (7
l)
(16 g)

[25 g/

fiber in
ectiona
/d (21
d (21 g

/d [2.6

g ach
erican
trol (8
i (24 g

(15 g)
hree of the eight studies reported significantly lower

ecember 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1863



h
b

R
I
N
i
o
m

R
R
t
p
d
i
fi
e

f
e
p
t
t
3

L
N
C
a
b
i
S
c
d
p
p
m
d
(
s

P
I
t
r
t
e
m
d
m
s
a

R
T
a
i

ab
le

7.
St

ud
ie

s
re

po
rti

ng
on

th
e

re
la

tio
ns

hi
p

be
tw

ee
n

pr
ot

ei
n

in
ta

ke
an

d
m

et
ab

ol
ic

ou
tc

om
es

rs
t

au
th

or
,y

,
ef

er
en

ce
)

Po
pu

la
tio

n/
du

ra
tio

n
In

te
rv

en
tio

n
(ty

pe
)

M
aj

or
fin

di
ng

s

rd
t,

19
91

(9
0)

n�
24

pa
tie

nt
s

w
ith

ty
pe

2
di

ab
et

es
/

1
m

ea
l

Gr
ou

p
1:

Is
oc

al
or

ic
m

ea
ls

,
co

nt
ro

l(
15

%
pr

ot
ei

n,
60

%
CH

Oa )
vs

LP
b

(0
%

pr
ot

ei
n)

vs
HP

c
(4

0%
pr

ot
ei

n)
Gr

ou
p

2:
co

nt
ro

l(
25

%
pr

ot
ei

n,
50

%
CH

O,
10

%
fa

t)
vs

re
du

ce
d

fa
t

(1
%

fa
t)

vs
hi

gh
fa

t
(2

0%
fa

t)
(R

CT
d )

Gr
ou

p
1:

In
su

lin
af

te
r

12
0

m
in

w
as

hi
gh

es
t

af
te

r
HP

an
d

lo
w

es
t

af
te

r
LP

(4
78

�
16

4
pm

ol
/L

,P
�

0.
05

).
Gr

ou
p

2:
NS

e
di

ffe
re

nc
es

in
in

su
lin

re
sp

on
se

s

nn
on

,
20

01
(9

1)
n�

10
pa

tie
nt

s
w

ith
ty

pe
2

di
ab

et
es

/
8

h
HP

(5
0

g
be

ef
pr

ot
ei

n)
vs

co
nt

ro
l(

w
at

er
)

(R
CT

)
HP

:
no
1

in
gl

uc
os

e
re

sp
on

se
ov

er
8

h;
in

su
lin

re
sp

on
se

3-
fo

ld
1

(P
�

0.
01

);
no

in
su

lin
re

sp
on

se
in

co
nt

ro
l

rk
er

,
20

02
(9

2)
n�

54
pa

tie
nt

s
w

ith
ty

pe
2

di
ab

et
es

/
12

w
k

on
ea

ch
di

et
HP

(2
8%

pr
ot

ei
n,

42
%

CH
O,

28
%

fa
t)

vs
co

nt
ro

l(
16

%
pr

ot
ei

n,
55

%
CH

O,
26

%
fa

t);
8

w
k

en
er

gy
re

st
ric

tio
n

an
d

4
w

k
en

er
gy

ba
la

nc
e

(R
CT

)

W
ei

gh
t

lo
ss

:
5.

2�
1.

8
kg

NS
di

ffe
re

nc
e;

HP
:
2

to
ta

lc
ho

le
st

er
ol

an
d

lo
w

-d
en

si
ty

lip
op

ro
te

in
ch

ol
es

te
ro

l(
13

.5
m

g/
dL

,
P�

0.
01

;
7.

4
m

g/
dL

,
P�

0.
01

,
re

sp
ec

tiv
el

y)
;

no
di

ffe
re

nc
e

in
ot

he
r

lip
id

,
in

su
lin

,
or

gl
yc

em
ic

pa
ra

m
et

er
s

sc
om

be
,

20
02

(9
3)

n�
32

pa
tie

nt
s

w
ith

ty
pe

2
di

ab
et

es
/

12
w

k
on

ea
ch

di
et

HP
(2

8%
pr

ot
ei

n,
42

%
CH

O,
28

%
fa

t)
vs

co
nt

ro
l(

16
%

pr
ot

ei
n,

55
%

CH
O,

26
%

fa
t);

8
w

k
en

er
gy

re
st

ric
te

d
an

d
4

w
k

en
er

gy
ba

la
nc

e
(R

CT
)

W
ei

gh
t

lo
ss

:
4.

6�
0.

4
kg

NS
di

ffe
re

nc
e;

re
st

in
g

en
er

gy
ex

pe
nd

itu
re

an
d

th
er

m
ic

ef
fe

ct
of

fo
od
2

si
m

ila
rly

w
ith

ea
ch

of
th

e
di

et
s

(P
�

0.
02

an
d

P�
0.

00
1,

re
sp

ec
tiv

el
y)

tta
ll,

20
03

(9
5)

an
d

Ga
nn

on
,

20
03

(9
6)

n�
12

pa
tie

nt
s

w
ith

ty
pe

2
di

ab
et

es
/

5
w

k
on

ea
ch

di
et

HP
(3

0%
pr

ot
ei

n,
40

%
CH

O,
30

%
fa

t)
vs

co
nt

ro
l(

15
%

pr
ot

ei
n,

55
%

CH
O,

30
%

fa
t);

w
ei

gh
t

st
ab

le
(R

CT
)

HP
:

24
-h

in
te

gr
at

ed
gl

uc
os

e
ar

ea
re

sp
on

se
2

40
%

(P
�

0.
05

),
Hb

A1
c
2

0.
8%

(P
�

0.
05

),
fa

st
in

g
tri

gl
yc

er
id

es
2

38
m

g/
dL

(P
�

0.
03

)

in
kw

or
th

,
20

04
(9

4)
n�

38
ob

es
e

pa
tie

nt
s

w
ith

ty
pe

2
di

ab
et

es
/6

4-
w

k
HP

(3
0%

pr
ot

ei
n,

40
%

CH
O)

vs
LP

(1
5%

pr
ot

ei
n,

55
%

CH
O)

(R
CT

)
HP

vs
LP

:
w

ei
gh

t
2

3.
7�

1.
0

vs
2.

2�
1.

1
kg

(P
�

0.
01

fro
m

ba
se

lin
e

fo
r

bo
th

gr
ou

ps
,

no
di

et
ef

fe
ct

);
Hb

A1
c,

tri
gl

yc
er

id
e,

to
ta

lc
ho

le
st

er
ol

,
bl

oo
d

pr
es

su
re

:
NS

co
m

pa
re

d
to

ba
se

lin
e

in
bo

th
gr

ou
ps

HO
�

ca
rb

oh
yd

ra
te

.
P�

lo
w

pr
ot

ei
n.

P�
hi

gh
pr

ot
ei

n.
CT

�
ra

nd
om

iz
ed

co
nt

ro
lle

d
tri

al
.

S�
no

n-
si

gn
ifi

ca
nt

.

1

igh-density lipoprotein cholesterol values from high-fi-
er compared to low-fiber diets (81,84,87).

esearch Published after Completion of the
nitial Recommendations

o studies examining the relationship of dietary fiber
ntake in persons with diabetes on glycemic or lipid level
utcomes published after February 2007 to July 2009 and
eeting inclusion criteria were found.

ecommendations for Fiber
ecommendations for fiber intake for people with diabe-

es are similar to the recommendation for the general
ublic (Dietary Reference Intake: 14 g/1,000 kcal). While
iets containing 44 to 50 g fiber daily are reported to
mprove glycemia in persons with diabetes, more usual
ber intakes (up to 24 g/day) have not shown beneficial
ffects on glycemia.
It is recommended that persons with diabetes include

oods containing 25 to 30 g fiber per day, with special
mphasis on soluble fiber sources (7 to 13 g). Studies in
articipants without diabetes show that diets high in
otal and soluble fiber, as part of cardioprotective nutri-
ion therapy, can further reduce total cholesterol by 2% to
% and LDL cholesterol up to 7% (89).

imitations of Current Research and Additional Research
eeded for Fiber
onsuming diets high in total dietary fiber and their
ssociation with decreased risk of CVD have primarily
een done in participants who do not have diabetes. Stud-
es in patients with diabetes warrant further research.
tudies determining the actual effects (potential de-
reases in total and LDL cholesterol) from consuming
iets high in total and soluble fiber as part of a cardio-
rotective diet also have primarily been conducted in
ersons without diabetes. Research is needed to deter-
ine if the same benefits are experienced in persons with

iabetes. Also of interest is determining if high-fiber diets
44 to 50 g/day) shown to improve glycemic control can be
ustained in a free-living environment.

ROTEIN INTAKE EVIDENCE AND RECOMMENDATIONS
n the management of diabetes, the original focus of pro-
ein intake was to preserve lean body mass; however,
ecent research has examined a role for dietary protein in
he management of hyperglycemia and body weight. To
valuate the relationship between protein intake and
etabolic outcomes in persons with type 1 and type 2

iabetes, six studies (seven articles) meeting predeter-
ined criteria were available (Table 7). Several of these

tudies also contributed to the macronutrient percent-
ges recommendation (90,92-96).

esearch Reviewed
wo single-meal studies (90,91) reported acute insulin
nd glucagon responses to ingestion of protein with min-

mal postprandial glycemic or lipid responses. Three

864 December 2010 Volume 110 Number 12
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tudies lasting 5 to 12 weeks comparing high-protein
iets (30%) to lower-protein diets (15%) showed no signif-
cant difference in longer-term insulin response despite
he acute insulin responses (92-96).

Two 12-week energy restriction (1,600 kcal) studies
omparing a higher vs usual protein diets (28% vs 16%)
eported similar weight loss from both diets (92,93). A
4-week study reported significantly lower body weight at
tudy end compared to baseline (high-protein diet �3.7
g; low-protein diet �2.2 kg) but no significant effect from
iet (94). A 5-week study in which participants remained
eight stable compared a high- vs usual-protein diet

30% vs 15%) and showed a decrease in glycated hemo-
lobin from the higher-protein diet; however, carbohy-
rate intake was also decreased (95,96).

esearch Published after Completion of the Initial
ecommendations
here have been no studies examining the effects of pro-
ein on diabetes-related outcomes in patients with diabe-
es published since the completion of the literature search
n May 2006.

ecommendations for Protein Intake
n persons with type 1 or type 2 diabetes with normal
enal function, RDs should advise that usual protein in-
ake of approximately 15% to 20% of daily energy intake
oes not need to be changed. Although protein intake has
n acute effect on insulin secretion, usual protein intake
n longer-term studies has minimal effects on glucose,
ipid levels, and insulin concentrations. Exceptions for
hange in protein intake are in persons who consume
xcessive protein choices high in saturated fatty acids, in
hose who have a protein intake less than the Recom-
ended Dietary Allowance, or in patients with diabetic
ephropathy.

imitations of Current Research and Additional Research
eeded for Protein Intake
he number of studies on protein intake in persons with
iabetes and normal renal function is limited, the num-
er of participants is small, and the duration of the stud-
es are short. As percentage of energy from protein intake
hanges, if energy intake remains constant, either carbo-
ydrate or fat percentages also change making it difficult
o determine which change contributes to effects on met-
bolic outcomes. In addition, studies on protein intake
re often conducted in research centers, and it is un-
nown whether free-living patients can change usual pro-
ein intake long term. Longer-term studies that are ade-
uately powered are needed to verify the effects of protein
ngestion in persons with diabetes on metabolic out-
omes.

ROTEIN AND TREATMENT OF DIABETIC NEPHROPATHY
VIDENCE AND RECOMMENDATIONS
n the management of diabetic nephropathy, recent re-
earch has focused on the effect of low-protein diets (usu-
lly defined as �0.8 g both plant and animal protein/kg/

ay) on risk reduction for the development of end-stage d

D

enal disease. To determine the effectiveness of protein
estriction in the treatment of diabetic nephropathy, nine
tudies meeting the predetermined criteria were re-
iewed (Table 8).

esearch Reviewed for Protein and Treatment of Diabetic
ephropathy
n patients with earlier diabetic nephropathy (persistent
icroalbuminuria [30 to 299 mg/24 hours; chronic kidney

isease stages 1 and 2, defined as hyperfiltration to glo-
erular filtration rate [GFR] 60 mL/minute/1.73 m2 body

urface area), two studies were able to compare protein
evels �1 g/kg/day to protein levels of 0.8 g/kg/day or
ower and reported that the lower protein intakes re-
uced albuminuria, but had no effect on GFR (97,98).
owever, two other studies found no benefit from a lower
rotein intake on either albuminuria or GFR (99,100).
In patients with later diabetic nephropathy (mac-

oalbuminuria, defined as �300 mg/34 hours; chronic
idney disease stages 3 through 5, defined as GFR �60
L/minute/1.73 m2 body surface area), two studies re-

orted that an actual protein intake of 0.7 to 0.9 g/kg/day
s a protein intake of 1.2 to 1.4 g/kg/day improved albu-
in excretion rate (AER) but again not GFR (101,102),
hereas one study reported no benefit on either AER or
FR from a lower-protein diet (103). Of concern, hy-
oalbuminemia, a marker of malnutrition, was associ-
ted with a decrease in protein intake to �0.7 g/kg/da,
ut not at a protein intake of �0.9 g/kg/day (101,102). A
ross-sectional study reported that protein intake was not
ssociated with change in GFR (104) and a small study
eported a decrease in proteinuria from a low-protein diet
ontaining soy protein compared to animal protein (105).

esearch Published after Completion of the Initial
ecommendations
our studies have been published evaluating the role of
rotein intake and diabetic nephropathy (106-109). A
-year study in patients with type 1 and type 2 diabetes
nd incipient and overt nephropathy reported no signifi-
ant changes in GFR or AER from a lower protein com-
ared to a usual protein diet (106). A 4-month study
eported improvements in AER and GFR in patients with
acroalbuminuria from a lower protein diet (0.8 g/kg/

ay), but no changes in AER or GFR in patients with
ormo- or microalbuminuria (107). Long-term consump-
ion of soy protein compared to no soy protein in low-
rotein diets (0.8 g/kg/day) led to improvements in
idney-related biomarkers (proteinuria and urinary
reatinine) and cardiovascular risk factors (108). A cross-
ectional study reported that patients with microalbu-
inuria compared to patients with normoalbuminuria

onsumed more total protein (20.5% vs 19.0% total en-
rgy) (109).
Of interest are a Cochrane Review and a meta-analysis

f low-protein diets for diabetic nephropathy (110,111).
he Cochrane Review (110) included 12 studies. Seven
tudies were published before the start date of this review
nd the other five met ADA criteria and are included in
able 8 (98,99,101-103). The authors concluded that re-

ucing protein intake appears to slightly slow progres-
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Table 8. Studies reporting on the effectiveness of protein restriction in the treatment of diabetic nephropathy

First author, y,
(reference) Population/duration Intervention (type) Major findings

Earlier diabetic nephropathy (persistent microalbuminuria [30-299 mg/24 h] or CKDa Stages 1 and 2 [hyperfiltration to GFRb 60 mL/min/1.73 m2 body surface area])
Raal, 1994 (98) n�22 patients with type 1 diabetes and

proteinuria/6 mo
LPc (0.8 g/kg/d prescribed, 0.87 g/kg/d achieved) vs control

(unrestricted protein, 2.0 g/kg/d) (RCTd)
LP vs control: 2 AERe (mg/24 h) 884¡815 (P�0.036 from baseline) vs 1

1,167¡1,475 (P�0.036 from baseline); change in GFR (mL/min/1.73 m2) 50¡53 vs
66¡58 (P�0.01 from baseline)

Hansen, 1999 (97) n�29 patients with type 1 diabetes and
diabetic nephropathy/4 wk followed
by 4 wk of usual diet

LP (0.6 g/kg/d prescribed, 0.8 g/kg/d achieved) vs control
(usual protein, 1.1 g/kg/d) (RCT)

LP vs control: 2 AER 397¡283 vs 438¡438 (P�0.05); NSf change in GFR 94¡85.4 vs
92¡89.5; During 4 wk recovery: protein intake �0.3 vs 0 (P�0.0001); AER 25% 1 vs
2.9% 1 (NS); GFR �5.9 vs �2.9 (P�0.01)

Pijls, 2001 (100) n�335 patients with type 2 diabetes Not applicable (cross-sectional) Total daily protein intake was not associated with albuminuria
Pijls, 2002 (99) n�160 patients with type 2 diabetes

and microalbuminuria/24 mo
LP (0.8 g/kg/d prescribed, 1.11 g/kg/d achieved) vs control

(usual protein, 1.07 g/kg/d) (RCT)
LP vs control: NS change in AER 21.2¡16 vs 20.5¡14; NS change in GFR 82¡74 vs

85¡75
Dussol, 2005 (106) n�63 patients with type 1 and type 2

diabetes/2 yr (incipient and overt
nephropathy)

LP (0.8 g/kg/d prescribed, actual 16%�3%) vs control (usual
protein, actual 19%�4%); 24-h urinary urea excretion did
not differ between groups (RCT)

LP vs control: NS 2-y change in GFR 7�11 vs 5�15; 2-y change in AER did not increase
in either group during follow-up

Almeida, 2008 (109) 119 NORMOg and 62 MICROh patients
with type 2 diabetes

Not applicable (cross-sectional) MICRO vs NORMO: consumed more protein 20.5% vs 19.0% (P�0.01) and a higher animal
source 14.5% vs 12.9% (P�0.015); also a lower intake of polyunsaturated fatty acids

Later diabetic nephropathy (macroalbuminuria [�300 mg/24 h]/CKD Stages 3-5 [GFR �60 mL/min/1.73 m2 body surface area])
Stojceva-Taneva,

2001 (104)
n�67 patients with type 2 diabetes and

diabetic nephropathy
0.6 g protein/kg/d prescribed, actual intake not reported

(cross-sectional)
Protein intake not associated with change in GFR

Meloni, 2002 (101) n�32 patients with type 1 diabetes;
n�37 patients with type 2 diabetes/
12 mo

LP (0.6 g/kg/d prescribed, actual 0.68 g/kg/d) vs control
(unrestricted protein, 1.38 g/kg/d) (RCT)

LP vs control: change in AER 2,400¡1,300 vs 2,600¡2,400 (P�0.01); NS change in GFR
43.9¡38.8 vs 45.0¡39.3; change in serum albumin (g/L) 4.7¡ 3.7 vs
4.1¡4.3 (P�0.01) (indicating malnutrition in a portion of the LP group)

Hansen, 2002 (103) n�82 patients with type 1 diabetes,
MACROi and GFR 67-69/4 y or death

LP (0.6 g protein/kg/d prescribed, actual 0.89 g/kg/d) vs
control (unrestricted protein, 1.02 g/kg/d) (RCT)

LP vs control: change in AER 690¡542 vs 721¡614 (P�0.01); change in GFR 69¡43.8
vs 67¡41.4 (NS between groups, P�0.005 from baseline in both groups); end-stage
renal disease/death: LP 10% vs control 27% (P�0.01)

Azadbakht,
2003 (105)

n�14 patients with type 1 diabetes and
MACRO/2, 7 wk periods with a 4-wk
washout

0.8 g/kg/d soy protein (35% soy, 30% vegetable, 35% animal)
or no soy (30% vegetable, 70% animal) (randomized
crossover trial)

Soy vs no soy group: 2 in proteinuria (P�0.001) and urinary urea nitrogen (P�0.001); NS
differences in GFR

Meloni, 2004 (102) n�24 patients with type 1 diabetes; 56
patients with type 2 diabetes/12 mo

LP (0.8 g protein/kg/d prescribed, actual 0.86 g/kg/d) vs
control (unrestricted protein, 1.24 g/kg/d) (RCT, parallel)

LP vs control: change in AER 2,400¡1,300 vs 2,600¡2,400; NS change in GFR
43.9¡38.9 vs 45¡39.3; change in serum albumin (g/L) 4.7¡ 3.7 vs 4.1¡4.3

Robertson,
2007 (110)

12 studies with 585 participants/4.5 mo
to 4 y

Usual protein (1-2 g/kg/d) vs LP (0.3-0.8 g/kg/d) (Cochrane
review)

LP (actual protein intake 0.7-1.1 g/d/kg/d) vs usual protein: reducing protein may slow
progression of renal failure but NS change in GFR; 1 study noted malnutrition in LP

Velázquez,
2008 (107)

n�60 patients with type 2 diabetes/4
mo (19 NORMO, 22 MICRO, 19
MACRO)/4 mo

LP (0.6-0.8 g/kg/d, actual 0.82 g/kg/d) vs control (1.0-1.2
g/kg/d, actual 1.2 g/kg/d) (RCT)

LP (patients with MACRO): 2 AER (P�0.05 from baseline); 1 GFR (P�0.05 from
baseline); in NORMO and MICRO no change in AER or GFR from either diet

Azadbakht,
2008 (108)

n�41 patients with type 2 diabetes and
MACRO/4 y

0.8 g/kg/d soy protein (35% soy, 30% veg, 35% animal) vs
0.8 g/kg/d no soy (30% veg, 70% animal) (RCT)

Soy vs no soy:
2 urinary urea excretion (P�0.08), proteinuria (P�0.02), and urinary creatinine (P�0.01); 2

total cholesterol, low-density lipoprotein cholesterol, and triglyceride (P�0.01)
Pan, 2008 (111) 8 studies with 519 participants/6 to 4 y LP (actual 0.91 g/kg/d) vs control (1.27 g/kg/d) (meta-analysis) LP vs control: GFR or creatinine clearance rate NS; HbA1c 2 (P�0.005); LP not associated

with improvement in renal function in either type 1 or 2 diabetes

aCKD�chronic kidney disease.
bGFR�glomerular filtration rate.
cLP�low protein.
dRCT�randomized controlled trial.
eAER�albumin excretion rate.
fNS�non-significant.
gNORMO�normoalbuminuria.
hMICRO�microalbuminuria.
iMACRO�macroalbuminuria.
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ion to renal failure but is not statistically significant.
hey noted the variability of responses amongst patients
nd suggested “a pragmatic approach would be to reduce
igh protein intake to perhaps a maximum of 1 g/kg/day,
r to 0.8 g/kg/day in those patients prepared to comply
ith that.” Eight trials with a duration �6 months in
atients with type 1 or type 2 diabetic renal disease were
ncluded in a meta-analysis to determine the effects of a
ow-protein diet on renal function (111). Five of the stud-
es met ADA criteria and are included in Table 8
98,99,102,103,106). The low-protein diets (prescribed 0.6
o 0.8 g/kg/day; actual average intake 0.9 g/kg/day) com-
ared to the normal-protein diets (1.3 g/kg/day) were not
ignificantly associated with change in GFR or creatinine
learance rate, but did result in a decline in urinary
rotein excretion. The authors expressed concern in re-
ard to the potential for harm due to malnutrition from
he low protein diets and concluded “low protein diets
ere not associated with a significant improvement in

enal function in patients with either type 1 or 2 diabetic
ephropathy.”

ecommendations for Protein and Diabetic Nephropathy
n persons with diabetic nephropathy, a protein intake of
1.0 g/kg/day is recommended. Diets with �1.0 g/kg/day
ave been shown to improve albuminuria in persons with
ephropathy; however, they have not been shown to have
ignificant effects on GFR. For persons with late stage
iabetic nephropathy (chronic kidney disease Stages 3
hrough 5), hypoalbuminemia and energy intake must be
onitored and changes in protein and energy intake
ade to correct deficits and to prevent potential risk of
alnutrition.

imitations of Current Research and Additional Research
eeded for Protein Intake and Diabetic Nephropathy
tudies in patients without diabetes have supported a
educed protein intake in the treatment of nephropathy
112). This has not been consistently duplicated in pa-
ients with diabetic nephropathy. Free-living patients in
he diabetic nephropathy studies appear to have poor
ompliance with diets that recommend �1.0 g/kg/day of
rotein. Because of inconclusive findings, longer-term
tudies in larger representative groups of patients with
oth type 1 and type 2 diabetes investigating improve-
ents in kidney function, role of soy and other vegetable

roteins, quality of life, and cost-effectiveness vs concerns
elated to malnutrition from low-protein diets are
eeded.

REVENTION AND TREATMENT OF CVD EVIDENCE AND
ECOMMENDATIONS
ersons with diabetes are at a three- to fourfold increased
isk for CVD, which is particularly evident in younger age
roups and in women. Persons with diabetes have the
quivalent CVD risk as persons with pre-existing CVD
nd no diabetes (113). Thus, it is essential that diabetes
NT interventions address this risk. A total of 12 studies

13 articles) (with duration of at least 1 year) that met

redetermined criteria were evaluated to address in- w

D

reased CVD risk and nutrition interventions for the
revention of CVD in persons with diabetes (Table 9).
Primary goals of MNT for persons with CVD are to

imit saturated and trans-fatty acids and cholesterol in-
ake. Beneficial effects of fiber, phytostanols/phytosterols,
-3 fatty acids, a Mediterranean diet, and other plant-
ased food approaches are reported (89). Fewer studies
xamining these benefits have been conducted in persons
ith diabetes. However, since the two groups have equiv-
lent CVD risks, the MNT recommendations for persons
ith diabetes are the same as for individuals with preex-

sting CVD. To determine the evidence supporting spe-
ific nutrition interventions in the treatment of CVD in
eople with diabetes, 20 studies meeting predetermined
riteria were evaluated (Table 10).

esearch Reviewed for Prevention of CVD
iabetes is associated with an increased risk of compli-

ations related to CVD with diet often being a contribut-
ng factor (114-118). For example, in the analyzed dietary
ntake of 321 participants from the San Luis Valley Dia-
etes Study and 437 participants from the Insulin Resis-
ance Atherosclerosis Study, a higher reported intake of
otal fat was related to significantly higher levels of LDL
holesterol (P�0.05) in both study groups and in the
tudies’ subgroups (114).
Nutrition interventions with a duration of 1 year or

onger, such as studies using the Mediterranean food
atterns (119,120) and interventions that improve meta-
olic parameters, such as HbA1c (115,121-124), blood
ressure (122-124), body weight (125), and lipid profile
122,123,125), all reduce risk for the development of CVD.

esearch Published after Completion of the Initial
ecommendations for Prevention of CVD
atients receiving intensive diabetes therapy in the
nited Kingdom Prospective Study demonstrated an

mergent risk reduction for myocardial infarction and
eath 10 years after the trial ended (126). One-year re-
ults of the Look AHEAD (Action For Health in Diabetes)
tudy supported the role of weight loss and improved
ardiovascular fitness in reducing CVD risk factors (127).
Two studies examined the benefits of a Mediterranean-

tyle diet (128,129). The first, a substudy of a 4-year,
ulticenter, clinical trial, assessed the effects of the Med-

terranean diet on the primary prevention of cardiovas-
ular disease (Prevención con Dieta Mediterránea Study)
128). Persons with either type 2 diabetes or three or
ore CVD risk factors (ie, current smoking, hyperten-

ion, dyslipidemia, overweight or obesity, or a family
istory of premature CVD) were randomized to a Medi-
erranean diet with virgin olive oil or mixed nuts or a
ow-fat diet. After 3 months, the Mediterranean diet
roups had lower mean plasma glucose levels, systolic
lood pressure, and total cholesterol-high-density li-
oprotein cholesterol ratios than the low-fat diet group.
n the second study, between 1993 and 1999, 1,013 pa-
ients with diabetes from Greece were enrolled in the
uropean Prospective Investigation into Cancer and Nu-

rition study (129). Two nutritional variables associated

ith mortality from diabetes were increased consumption
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Table 9. Studies (1 y or longer) reporting on increased risk of cardiovascular disease in persons with diabetes and nutrition interventions for the prevention cardiovascular disease

First author, y,
(reference) Population/duration Intervention (type) Major findings

DCCTa Research Group,
1993 (8) The DCCT/
EDICb Study
Research Group,
2005 (121)

n�1,398 patients with type 1 diabetes/6.5-y and 17-
y follow-up

Conventional therapy vs intensive therapy, monthly
clinic visits, including registered dietitian visits)
(RCTc)

1993: Intensive diabetes therapy reduced the development of
hypercholesterolemia by 34% (P�0.02); 2005: Intensive therapy 2
risk of any CVDd event by 42% (95% CIe: 9%-63%; P�0.02) and
nonfatal myocardial infarction, stroke or death by 57% (95% CI:
12%-79%; P�0.02)

Turner, 1998 (122) n�7,108 patients with type 2 diabetes; complete data
from 2,693 patients with no evidence of coronary
artery disease/followed for 10 y

Nutrition therapy and medication in UKPDSf (RCT) Stepwise 1 risk coronary artery disease: 1 LDL-Cg (P�0.0001) and
2 HDL-Ch (P�0.0001); 1 HbA1ci (P�0.0022); 1 SBPj

(P�0.0065); smoking (P�0.056)
Mayer-Davis,

1999 (114)
n�421 patients from San Luis Valley Diabetes Study

and 437 patients from Insulin Resistance and
Atherosclerosis Study/not applicable

Not applicable (cohort study, San Luis Valley Diabetes
Study and Insulin Resistance and Atherosclerosis
Study)

Higher intake of dietary fat related to higher LDL-C (P�0.05) in both
studies and in all subgroups

Orchard, 2001 (116) n�589 participants, mean duration of type 1 diabetes
of 20.1 y/after 10 y

Not applicable (prospective cohort study) Strong relationship between LDL-C and HDL-C, TGk and blood pressure
and mortality (11% of participants) and CVD (17% of participants) (all
P�0.001)

Mukamal, 2001 (115) n�1935 participants from Determinants of Myocardial
Infarction Onset Study interviewed after MI;
399 (21%) had diabetes/mean follow-up 3.7 y

Not applicable (prospective cohort study) 17% of cohort had died; 29% of patients with diabetes died; diabetes
associated with higher mortality in unadjusted (hazard ratio�2.4;
95% CI: 1.9 to 3.0) and adjusted (hazard ratio�1.7; 95% CI: 1.3 to
2.1) analyses

Gaede, 2003 (123) n�160 patients with type 2 diabetes and
microalbuminuria/mean follow-up 7.8 y

Conventional therapy vs intensive therapy (�30% fat
and �10% saturated fat, physical activity 3-5/wk,
smoking cessation, and pharmacologic therapy (RCT)

Intensive therapy: 2 HbA1c (P�0.001), SBP (P�0.001), DBPl

(P�0.006), TCm (P�0.001), TG (P�0.015), urinary albumin excretion
rate (P�0.007); 2 risk of CVD (hazard ratio�0.47; 95% CI: 0.24 to
0.73)

Dhindsa, 2003 (125) n�40 obese adults with type 2 diabetes/very-low-
calorie diet for 8 wk, maintenance program for up
to 1 y

Very-low-calorie diet (750 kcal/d) followed by standard
diet and exercise advice every 2-3 mo
(nonrandomized clinical trial)

8 wk: body weight 2 12 kg, TC 2 38.7 mg/dL, blood pressure 2
10/6 mm Hg, fructosamine 2 40 �mol/L; 1-y: body weight 2 10
kg (P�0.001) and fructosamine 2 15 �mol/L (P�0.001) from
baseline, 2TC and 2 blood pressure maintained.

Gill, 2003 (124) n�500 patients with type 2 diabetes from the
UKPDS/between audits in 1991 and 2001

UKPDS in 1991 intensified HbA1c targets (�7%) and
blood pressure control (�140/85) (longitudinal
study)

HbA1c: no change between audits; blood pressure: SBP 2 5 mm Hg
(P�0.001), DPB 2 5 mm Hg (P�0.0001)

Ciccarone, 2003 (119) n�144 patients with type 2 diabetes with peripheral
arterial disease matched to 288 patients without
complications/not applicable

Not applicable (cohort/case-control study) A high-score Mediterranean dietary pattern associated with 2 in
perifpheral arterial disease, independent of diabetes duration and
hypertension (P�0.001)

Selvin, 2004 (117) n�17 prospective cohort studies; mean sample sizes
94 to 5,102/not applicable

No applicable (meta-analysis) Patients with type 2 diabetes had a pooled relative risk for CVD of
1.18 (95% CI: 1.10 to 1.26); patients with type 1 diabetes had
pooled relative risk of 1.15 (95% CI: 0.92 to 1.43)

Diakoumopoulou,
2005 (120)

n�126 patients with type 2 diabetes in a
Mediterranean population/not applicable

Not applicable (cross-sectional study) In participants with diabetes, age, consumption of fruits and vegetables,
glomerular filtration rate were determinants of homocysteine (all
P�0.02)

Faulkner, 2006 (118) n�50 adolescents with type 1 diabetes, 14 with type
2 diabetes, 53 non-diabetic control/not applicable

Not applicable (cross-sectional study) Lipid profiles and energy intake not different between groups; patients
with type 1 diabetes had lowest homocysteine levels (P�0.05)

Estruch, 2006 (128) n�772 patients with either type 2 diabetes or 3 or
more CVD risk factors (Prevención con Dieta
Mediterránea Study)/4 y

Mediterranean diet with virgin olive oil (1 L/wk) or
mixed nuts (30 g/d) and nutrition education vs low-
fat diet (RCT)

3 mo: Mediterranean diet vs low-fat diet 2 SBP (P�0.001), blood
glucose level (P�0.017), TC-HDL-C ratio (P�0.001), and 1 HDL-C
(P�0.001)

Trichopoulou,
2006 (129)

n�1,013 participants with diabetes from Greek arm
of European Prospective Investigation into Cancer
and Nutrition/4.5 y (range 2-114 mo)

Not applicable (cross-sectional study) 2 nutritional variables associated with diabetes mortality: 1 daily intake
eggs (hazard ration�1.31; 95% CI, 1.07 to 1.60) (P�0.01) and
saturated fats (hazard ratio�1.82; 95% CI, 1.14 to 2.90) (P�0.01);
physical activity inversely associated with mortality (P�0.004)

The Look AHEAD
Research Group,
2007 (127)

n�5,145 (4,959) overweight/obese adults with type 2
diabetes/1-y results

Intensive lifestyle intervention (meal replacements or
structured food plan, 175 min physical activity/wk,
3-4 weekly sessions/mo) vs control (diabetes
support/education group, 4 sessions/y) (RCT)

Intensive lifestyle intervention vs control: weight 2 8.6% vs 0.7%;
fitness 1 20.9% vs 5.8%; HbA1c 2 0.7% vs 0.1%; SBP 2 6.8 vs
2.8 mm Hg; DBP 2 3.0 vs 1.8 mm Hg; HDL-C 1 3.4 vs 1.4 mg/
dLn; TG 2 30.3 vs 14.6 mg/dLo (all P�0.001); LDL-C 2 5.2 vs 5.7
mg/dL (NSp)
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f eggs and saturated fats. Increased physical activity by
ne quintile was associated with a 24% reduction of mor-
ality from any cause.

esearch Reviewed for Treatment of CVD
n people with diabetes and CVD, interventions based on
ow-fat diets and consumption of specific fatty acids
11,130-136), Mediterranean diets (137,138), reduced-so-
ium diets (139,140), currently generally accepted nutri-
ion guidelines (141,142), and combination nutrition ther-
pies and drugs (143,144) resulted in improved lipid
rofiles, reductions in blood pressure, and improved mea-
ures of endothelial health. In contrast, in persons with
iabetes and a history of CVD, vitamin E supplements
ere found to have no beneficial effects on cardiovascular

utcomes, microvascular complications, or on glycemic
ontrol (145). There is limited research on the effect of
igh -protein diets (92), low-GI diets (54), and phytosterol
onsumption (146) in the treatment of CVD.

esearch Published after Completion of the Initial
ecommendations for Treatment of CVD
ix additional studies examined nutrition-related inter-
entions for CVD in persons with diabetes. In a 1-year
linical trial, a high-MUFA diet (45% carbohydrate, 40%
at [20% MUFA]) was compared to a high-carbohydrate,
ow-fat (60% carbohydrate, 25% fat) in 124 overweight/
bese patients with type 2 diabetes (19). Energy intake
as reduced in both diets by 200 to 300 kcal/d. Both diets

esulted in beneficial effects on weight loss (�3.9 kg),
lood pressure, high-density lipoprotein cholesterol,
bA1c, glucose, and insulin levels with no significant
ifferences between diets. In a 1-month study, a Greek
editerranean diet was compared to usual diet in pa-

ients with type 2 diabetes and a weight-matched control
roup without diabetes. The Greek Mediterranean diet
as shown to reduce platelet aggregation in both groups

ompared to the previous usual diet (147).
Two studies using test meals reported benefit from

live and salmon oil compared to palm or safflower oil
148) and olive oil compared to butter (149). In two other
tudies, n-3 supplementation impact on blood lipid and
lucose were evaluated. In one study, after 10 weeks, 2 g
-3 supplements improved triglyceride levels with no ef-
ect on other blood lipids, glucose, or insulin compared to
he placebo (150). In the other study, a high intake of fish
il (�6 g/day n-3 fatty acids) increased glucose by 18
g/dL (0.999 mmol/L) and decreased insulin sensitivity,

ut had no effect on blood lipids, including triglycerides,
ompared to corn oil (151). A 1-year study comparing a
ow-fat diet to a low-fat diet supplemented with 30 g
alnuts per day reported favorable effects in all clinical
arameters from both diets, although the walnut group
xperienced greater reductions in fasting insulin levels
152). This study confirmed that most of the effect of a
utrition intervention is seen in the first 3 to 6 months.

ecommendations for CVD
ardioprotective nutrition interventions for the preven-

ion and treatment of CVD should be implemented in the

initial series of MNT encounters as both glycemic control
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Table 10. Studies reporting on evidence supporting specific nutrition interventions in the treatment of cardiovascular disease

First author, y,
(reference) Population/duration Intervention (type) Major findings

Storm, 1997 (130) n�15 adults with type 2 diabetes/3 wk on
each diet

40% CHOa, 44% fat (13% stearic acid) vs 40% CHO, 45% fat
(16% palmitic acid) vs control (51% CHO, 19% fat)
(randomized crossover trial)

TCb 1 after palmitic diet compared to stearic acid or control diets (P�0.03);
TGc, LDL-Cd, HDL-Ce:NSf

Osende, 2001 (143) n�40 patients with type 2 diabetes; HbA1cg

�7.5%/3 mo
Conservative (diet�placebo) vs intensive (diet�troglitazone)

(RCTh)
14 patients (intensive) and 10 patients (conservative) 2 HbA1c; these patients

had less thrombus formation vs those without improvement (r�0.47, P�0.01)
Parker, 2002 (92) n�54 patients with type 2 diabetes/12 wk on

each diet
HPi (28% protein) vs control (16% protein,); 8 wk energy

restriction, 4 wk energy balance (RCT)
HP: 2 TC and LDL-Cj (13.5 mg/dL, P�0.01; 7.4 mg/dL, P�0.01, respectively);

no difference in other lipid, insulin, or glycemic parameters
Houlihan, 2002 (139) n�20 patients with type 2 diabetes,

hypertension, and elevated albumin
excretion rate/2 wks on each diet

Losartan vs placebo; each group randomly on a low sodium
diet vs a regular sodium diet (diet: randomized crossover
trial)

Losartan group�low sodium diet: 2 blood pressure (SBPk 9.7 mm Hg;
P�0.002; DBPl 5.5, P�0.002) and albumin excretion rate (�29%, P�0.002)
vs other combinations

Lovejoy, 2002 (131) Study 1: n�20 healthy adults; Study 2: n�34
adults with type 2 diabetes/4 wks on each
diet

Study 1: 100 g almonds/d
Study 2: 37% fat, 10% almonds vs 25% fat, 10% almonds vs

control (25% fat, 10% MUFAm) (study 1: nonrandomized
trial; study 2: randomized crossover trial)

Almonds: no effect on glycemia in patients with diabetes; almonds 2 TC and
LDL-C (P�0.05) in healthy adults and 2 HDL-C (P�002) but no effect on
LDL:HDL in both groups

Lonn, 2002 (145) n�3,654 participants with diabetes from
HOPE study and MICRO-HOPE
substudy/4.5 y

400 IU vitamin E vs placebo and 10 mg ramipril vs placebo
(RCT)

Daily vitamin E supplements had a neutral effect on cardiovascular outcomes and
nephropathy (relative risk�1.03; 95% CIn: 0.88 to 1.21, P�0.70)

Krook, 2003 (141) n�487 patients with type 2 diabetes who had
repeated failure to achieve metabolic
control; 415 (85%) returned for second
visit/30 wk

Stays at a residential wellness center: 2 wk stay ¡ 8 wk at
home; 1 wk follow-up stay ¡ 20 wk at home (time
series)

Improved metabolic control after stays at residential wellness center: visit 2: 2
HbA1c (P�0.0001), TC and LDL-C (P�0.001), blood pressure (P�0.0001),
body mass index (P�0.0001); 1 oxygen uptake (P�0.0001) and HDL-C
(P�0.05)

Lee, 2003 (146) n�85 patients with type 2 diabetes and LDL-
C �140 mg/dL/12 wk

10 g low-fat spread vs 10 g phytosterol-enriched spread daily
(RCT)

Modest and transient effect of phytosterol-enriched spread on TC and LDL-C (NS
at 12 wks)

Perassolo, 2003 (142) n�72 patients with type 2 diabetes (37
normonalbuminuric and 35
microalbuminuric/2 mo run-in followed by
4 wk diet intervention

Diet following American Diabetes Association guidelines; given
corn oil for food preparation (case-control)

TC, HDL-C, LDL-C, TG (NS differences between groups)

Rizkalla, 2004 (54) n�12 men with type 2 diabetes/4 wks on
each diet

Low-Glycemic-Index (39) vs high-Glycemic-Index (71) diets
(RCT)

Low-Glycemic-Index vs high-Glycemic-Index: 2 TC and LDL-C (P�0.05), HbA1c
(P�0.05) and fasting plasma glucose (P�0.05)

Rodriguez-Villar, 2004 (134) n�22 patients with type 2 diabetes/6 wk on
each diet

CHO diet (olive oil restricted to 10% kcal) vs MUFA diet (olive
oil 25% kcal) (randomized crossover trial)

Weight, TC, LDL-C, HDL-C, TG similar after both diets; MUFA 2 VLDLo by 35%
(P�0.023) and VLDL-TG by 16% (P�0.016)

Neyestani, 2004 (132) n�15 patients with type 2 diabetes for �1-y/
8 wk dietary intervention

50%-60% CHO, 20%-30% fat, 35 g fiber; 3 meals and 2
snacks (nonrandomized trial)

FBGp, HbA1c, and lipid peroxidation 2 at 8-wk (P�0.05); TC, TG, LDL-C, HDL-C
(NS)

Vedovato, 2004 (140) n�41 patients with type 2 diabetes, 21 had
microalbuminuria, normal BP/7 d

Low sodium diet (1,500 mg sodium chloride, 2,300 mg
potassium, 800 mg calcium) vs high sodium diet (14,500
mg sodium chloride tablets added) (randomized crossover
trial)

High sodium diet: patients with microalbuminuria blood pressure 1 (P�0.001)
and albuminuria 1 (P�0.01) compared to those with normoalbuminuria

Mostad, 2004 (133) n�19 patients with type 2 diabetes and TG
�200 mg/dL/3 d

Usual diet vs low-fat diet intervention (24% fat, 51% CHO)
(non-randomized trial)

3-d low-fat diet intervention: 2 TC (P�0.005) and HDL-C (P�0.048); fasting
blood glucose, fasting insulin (NS)

Gerhard, 2004 (11) n�11 patients with type 2 diabetes/6 wk on
each diet

Low-fat diet (20% fat, 65% CHO) vs high MUFA (25% MUFA,
45% CHO) (randomized crossover trial)

Low-fat vs MUFA diet: weight loss (1.53 kg; P�0.001); TC, LDL-C, HDL-C, TG,
HbA1c (NS)

Didangelos, 2004 (144) n�126 patients with type 2 diabetes and
metabolic syndrome/6 mo

3⁄4 treated with orlistat�hypocaloric diet vs 1⁄4 on hypocaloric
diet alone (RCT)

Orlistat�diet: 2 weight (P�0.0001), HbA1c (P�0.0001), SBP (P�0.024), TC
(P�0.0001), LDL-C (P�0.034); TG, HDL-C (NS)

Tapsell, 2004 (135) n�58 patients with type 2 diabetes/6 mo Control low-fat diet vs modified low-fat diet vs modified low-
fat diet�30 g walnuts/d (RCT)

Walnut vs other 2 groups: 1 polyunsaturated fatty acid ¡ HDL-C 1 (P�0.046)
and LDL-C 2 (P�0.032)

West, 2005 (136) n�18 patients with type 2 diabetes/test meals 3 test meals: 47% MUFA vs 45% MUFA�3.3 g alpha-linoleic
acids vs 44% MUFA�2.8 g eicosapentanaeoic acid�1.2 g
docosahexanenoic acid ��.2 g alpha-linoleic acids (RCT)

In patients with elevated TG, meals containing 3-4 g n-3 fatty acids improved
postprandial lipemia and endothelial function (P�0.052) vs only MUFA meal

Karantonis, 2006 (137) n�45 adults with type 2 diabetes vs 22
weight-matched C/4 wk

22 control and 23 type 2 diabetes (38% fat, 50% CHO, Greek
food) vs 22 type 2 diabetes (usual diet) (RCT)

Diet with Greek foods: lipids or glucose (NS) but did improve platelet aggregation
(P�0.05)

Mantzoros, 2006 (138) n�987 women with type 2 diabetes/not
applicable

Diet given a “Mediterranean dietary pattern score” using a
9-point scale (cross-sectional)

Adherence to diet (alcohol, nuts, whole grains) was positively associated with
adiponectin levels (P�0.01)

(continued)

1870
Decem

ber
2010

Volum
e

110
Num

ber
12



Table 10. Studies reporting on evidence supporting specific nutrition interventions in the treatment of cardiovascular disease (continued)

First author, y,
(reference) Population/duration Intervention (type) Major findings

Antonopoulou, 2006 (147) n�47 patients with type 2 diabetes and 22
weight-matched volunteers/1 mo

Two subgroups: Greek Mediterranean diet vs previous regular
diet (RCT)

In both groups Greek Mediterranean diet reduced platelet aggregation (P�0.05)
vs regular diet

Mostad, 2006 (141) n�26 patients with type 2 diabetes with
normal TG/9 wk

20 mL fish oil (�6 g/d n-3 fatty acids) vs 20 mL corn oil/d
(8.5 g/d linoleic acid) added to usual diet (double-blind
RCT)

Fish oil: 1 glucose 18 mg/dL (P�0.035) and 2 insulin sensitivity (P�0.049);
TC, LDL-C and HDL-C, TG (NS)

Shah, 2007 (148) n�11 patients with type 2 diabetes/test meals 1,000-kcal test meals: palmitic acid (palm oil) vs linoleic acid
(safflower oil) vs oleic acid (olive oil) vs eicosapentaenoic
acid and docosahexaenoic acid (salmon oil) (crossover
study)

Oleic acids, eicosapentaenoic acid and docosahexaenoic acid meals lower insulin
response vs plamitic acid or linoleic acid meals (P�0.01) without deteriorating
glucose or TG response

Shidfar, 2008 (150) n�50 patients with type 2 diabetes/10 wk Supplementation with 2 g n-3 fatty acids vs placebo (RCT) n-3 supplement vs placebo: 2 TG (P�0.01); lipids, glucose, insulin, and
HbA1c: NS

Tentolouris, 2008 (149) n�33 patients with type 2 diabetes/test meals 2 isocaloric test meals: MUFA (33 g olive oil) vs saturated
fatty acids (40 g butter) (crossover study)

Endothelial function measured by flow-mediated dilatation: MUFA did not change
FMD, whereas saturated fatty acids 2 flow-mediated dilatation (P�0.01)

Brehm, 2009 (19) n�124 overweight/obese patients with type 2
diabetes/1 y

High-MUFA (45% CHO, 40% fat [20% MUFA]) diet vs high-
CHO (60% CHO, 25% fat) diets with 2 200-300 kcal/d
(RCT)

NS differences in beneficial effects on weight loss (�3.9 kg), blood pressure,
HDL-C, HbA1c, glucose, and insulin between groups at 1 y

Tapsell, 2009 (152) n�50 overweight adults with type 2 diabetes/
1 y

Low-fat dietary advice �30 g/d walnuts vs control, both
weight maintaining (RCT)

Weight loss and all clinical parameters improved, most effects seen in first 3 mo,
NS between groups; walnut group 2 fasting insulin levels (P�0.046)

aCHO�carbohydrate.
bTC�total cholesterol.
cTG�triglycerides.
dLDL-C�low-density lipoprotein.
eHDL-C�high-density lipoprotein.
fNS�non-significant.
gHbA1c�glycosylated hemoglobin.
hRCT�randomized controlled trial.
iHP�high protein.
jTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL�5.0 mmol/L.
kSBP�systolic blood pressure.
lDBP�diastolic blood pressure.
mMUFA�monounsaturated fatty acid.
nCI�confidence interval.
oVLDL�very-low-density lipoprotein.
pFBG�fasting blood glucose.

Decem
ber

2010
●

Journalof
the

AM
ERICAN

DIETETIC
ASSOCIATION

1871



a
l
c
d
p
i
p

L
N
A
t
b
m
R
t
r
i
i
t
t
n

W
I
t
a
b
s
c
e
d
b
g
f
o
t
c
s
a

R
I
a
(
o
i
h
s
m
a

v
v
g
r
r
i
m
r
d

n
c
m
A

t
t
i
f
�
f
f
f

l
h
e
(
i
(
u
(
s

R
R
L
c
t
c
b
p
i
p
i
s
w
i
H
d
w
i
H
f
l

h
r
l
m
c
e
c
H
p
t

s
n
g
f
H

1

nd cardioprotective nutrition interventions improve the
ipid profile. Cardioprotective nutrition interventions in-
lude reduction in saturated and trans-fatty acids and
ietary cholesterol, and interventions to improve blood
ressure. Studies in persons with diabetes using these
nterventions report a reduction in CVD risk and im-
roved CVD outcomes.

imitations of Current Research and Additional Research
eeded for Prevention and Treatment of CVD
lthough a number of nutrition interventions for preven-

ion and treatment of CVD in persons with diabetes have
een identified, additional research is needed to deter-
ine expected outcomes from identified interventions.
esearch is needed to assist in the prioritization of nu-

rition interventions and to further define macronutrient
ecommendations such as the role of specific fatty acids,
ncluding n-3 fatty acids. Although a Mediterranean diet
s reported as being beneficial, a clearer understanding of
he protective mechanisms from differing components of
he diet and its role in the management of diabetes is
eeded.

EIGHT MANAGEMENT EVIDENCE AND RECOMMENDATIONS
n individuals with type 2 diabetes and insulin resis-
ance, weight loss generally improves glycemic outcomes
nd contributes to beneficial effects on blood pressure and
lood lipids. However, as the disease progresses and in-
ulin deficiency as compared to insulin resistance be-
omes more prominent, weight loss is less likely to be
ffective in improving glycemic outcomes. With insulin
eficiency, additional anti-diabetes medications com-
ined with MNT are necessary and prevention of weight
ain becomes important. To determine the long-term ef-
ect (1 year or longer) of weight management on metabolic
utcomes in persons with type 1 and type 2 diabetes, a
otal of 20 studies (21 articles) that met predetermined
riteria were evaluated (Table 11). Bariatric surgery
tudies in patients with diabetes are not included in the
nalyses.

esearch Reviewed
n randomized weight loss trials conducted between 2000
nd 2006 of 1 year or longer duration implementing diet
and physical activity) interventions, approximately half
f the diet intervention groups experienced improvement
n HbA1c related to weight loss, whereas approximately
alf reported no improvement in HbA1c despite fairly
imilar weight losses. However, weight loss and weight
aintenance contribute to improvements in lipid levels

nd blood pressure.
Eleven studies included a minimum of one diet inter-

ention group and reported body weight loss and HbA1c
alues at 12 months (94,153-163). Diet intervention
roups in five studies reported improvement in HbA1c
anging from �0.2% to �0.5% with body weight losses
anging from �1.0 to �3.4 kg (153-157). However, diet
ntervention groups in six studies reported no improve-

ent in HbA1c despite fairly similar body weight losses
anging from �0.8 to �4.4 kg (94,158-163). Two studies

id not report HbA1C values at 12 months (164,165). A b

872 December 2010 Volume 110 Number 12
onrandomized clinical trial reported body weight loss
orrelated with improvements in HbA1c (166) as did a
eta-analysis (167). One study in the meta-analysis met
DA criteria and is included in Table 11 (153).
One-year or longer studies using weight loss medica-

ions (orlistat and lifestyle, sibutramine) reported consis-
ent improvement in HbA1c. Orlistat and lifestyle groups
n six studies reported improvements in HbA1c ranging
rom �0.3% to �1.1% with weight losses ranging from
3.8 to �8.5 kg (154-158,168). Sibutramine groups in

our studies reported improvements in HbA1c ranging
rom �0.3% to �0.6% with body weight losses ranging
rom �4.1 to �8.6 kg (159,160,169,170).

Twelve studies reported significant improvements in at
east one blood lipid value, generally in triglycerides and
igh-density lipoprotein cholesterol from body weight loss
ither by diet alone or with weight loss medications
94,125,153-158,161,162,169,171). Eight studies reported
mprovement in blood pressure with weight loss
125,153,154,156,157,159, 168,171); however, one study
sing sibutramine reported no change in blood pressure
168) and one study reported an increase in blood pres-
ure (169).

esearch Published after Completion of the Initial
ecommendations
ook AHEAD is a clinical trial being conducted in 16
enters around the United States to determine the effec-
iveness of intentional weight loss in reducing cardiovas-
ular disease events in type 2 diabetes. Participants will
e followed for up to 11.5 years; 1-year outcomes were
ublished in 2007 (127). Participants randomized to the
ntensive lifestyle intervention consisting of meal re-
lacements or structured food plans, 175 minutes of phys-
cal activity per week, and three to four education/coun-
eling sessions per month, experienced an average body
eight loss of 8.6%�6.9%, a 20.9%�29.1% improvement

n cardiovascular fitness, and a 0.64%�0.02% decrease in
bA1c over Year 1. In comparison, participants in the
iabetes support and education group experienced a body
eight loss of 0.7%�4.8%, a 5.8%�22.0% increase

n cardiovascular fitness, and a 0.1%4�0.02% decrease in
bA1c. Regular self-weighing, eating breakfast, and in-

requent consumption of fast food were associated with a
ower BMI in the study population (172).

Three studies compared low-carbohydrate diets to
igh-MUFA or low-fat diets for weight loss (19-21). In a
etrospective follow-up study of 16 patients following a
ow-carbohydrate diet (20% of energy intake), at 44

onths body weight loss and HbA1 levels were signifi-
antly improved with no sign of a negative cardiovascular
ffect (21). However, two larger 1-year randomized clini-
al trials reported no beneficial effects on body weight,
bA1c, LDL cholesterol, and blood pressure in partici-
ants following a low-carbohydrate diet compared to par-
icipants following a high-MUFA or low-fat diet (19,20).

A comparison of meal replacements to standard, self-
elected diets (34 weeks intervention, 1 year mainte-
ance) reported significant body weight loss in both
roups but no significant differences between group dif-
erence (�5.6 vs �4.7 kg, respectively) (173). At 86 weeks
bA1c for both groups was not statistically different from

aseline. In a retrospective cohort study, a weight-loss
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attern after new diagnosis of type 2 diabetes predicted
mproved glycemic and blood pressure control despite
eight regain, supporting the importance of early weight

oss interventions before advancing insulin deficiency
174).

Three studies reported on patients with type 2 diabetes
ho extended treatment with exenatide for 82 weeks

placebo-controlled trial ended at 30 weeks). Body weight
ecreased from baseline by �4.0 to �5.3 kg and HbA1c
ecreased 1.0% to 1.3% (175-177). Although weight loss
ontinued over the entire time period, the amount of
eight loss is comparable to weight loss reported at 6
onths in most other weight loss studies. Rimonabant

20 mg/day), a selective cannabinoid type 1 receptor
locker, at 1 year resulted in weight loss and a decrease
n HbA1c compared to a placebo (178). However, only two
hirds of study participants completed 1 year of treat-
ent, with more than half dropping out for reasons other

han adverse events. Rimonabant was not approved by
he Food and Drug Administration. In obese patients
ith type 2 diabetes, topiramate compared to placebo

esulted in weight loss and improvement in HbA1C. How-
ver, the number of participants taking topiramate and
ompleting the study was small; adverse effects on cen-
ral nervous system and paresthesia caused a drop-out
ate of 42% (179). A second study of topiramate also in
bese patients with type 2 diabetes was ended early be-
ause of adverse events (180).

ecommendations for Weight Management
Ds should advise that glycemic control is the primary

ocus for diabetes management. Although decreasing en-
rgy intake may improve glycemic control, it is unclear
hether weight loss alone will improve glycemic control.
ustained weight loss interventions using lifestyle inter-
entions only and lasting 1 year or longer report incon-
istent effects on HbA1c.
Studies support a reduced energy intake with reduced

otal and saturated fats, an increase in dietary fiber and
hole grains, and a decrease in sodium. Physical activity

hould be strongly encouraged, especially for its contri-
ution to weight maintenance after weight loss. A weight
oss of 5% to 10% of body weight from lifestyle interven-
ions is a realistic goal.

imitations of Current Research and Additional Research
eeded for Weight Management
n weight management studies it is difficult to account for
otential bias based on selection of participants most
ikely to be successful. RDs need to be knowledgeable
egarding successful interventions and be aware of poten-
ial barriers that may hinder weight loss in clinical
eight management programs. For example, rarely can
Ds be selective in the patients they enroll in weight
anagement programs.
Attrition can be a problem in trials that are 1 year and

onger, especially in lifestyle trials; this needs to be con-
idered in translating research findings to clinical prac-
ice. Data on study completers has important value to
ractitioners because it clarifies what can be expected if
articipants complete a weight management interven-

ion. i

D

Future research needs to meet appropriate methodologi-
al standards such as rigorous application of good study
esign principles, minimization of attrition, and follow-up of
ropouts. The Look AHEAD trial is designed to meet these
tandards.

HYSICAL ACTIVITY EVIDENCE AND RECOMMENDATIONS
tudies in persons with type 2 diabetes have reported

mprovements in blood glucose control, reduced cardio-
ascular risk, assistance with weight management, and
mproved well-being from regular physical activity. Im-
rovements in glycemia are reported to be independent of
eight loss (181). In persons with type 1 diabetes, exer-

ise may lower glucose levels, but also has potential neg-
tive effects related to hypo- and hyperglycemic excur-
ions. To determine the effect of physical activity (3
onths or longer) on metabolic outcomes in persons with

ype 2 diabetes, 12 studies that met predetermined crite-
ia were evaluated (Table 12). Four studies (five articles)
eeting predetermined criteria were evaluated related to

he effects of physical activity in persons with type 1
iabetes (Table 13).

esearch Reviewed
n persons with type 2 diabetes, five studies reported that
0 to 150 minutes of weekly physical activity (aerobic
xercise and/or resistance/strength training) reduced
bA1c levels (182-186). Two studies reported improve-
ents in HbA1c at 6 months (187,188), which were not
aintained at 12 months (189,190). A meta-analysis of 14

tudies conducted before 2001 with 504 participants con-
luded that HbA1c was significantly decreased by 0.66%
n exercise groups (191). Improvements in insulin sensi-
ivity were noted in two studies (184,192), and decreases
n relative risk for all-cause mortality were reported in
wo studies (193,194). A technical review evaluating eight
rticles recommended 150 minutes per week of moderate-
ntensity physical activity (40% to 60% of maximal oxy-
en uptake or 50% to 70% of maximum heart rate) for
mproved glycemic control (181). Also noted was that to
chieve long-term glycemic control, no more than 2 con-
ecutive days should pass without physical activity.
In patients with type 1 diabetes, two studies reported

hat ongoing participation in physical activity generally
oes not improve glycemic control as it does in patients
ith type 2 diabetes (195,196). In a large crossover study,

edentary women had higher HbA1c levels than moder-
tely active or active women, and physical activity was
ot associated with HbA1c in men (197). Risk of hypogly-
emia as a result of exercise is an ongoing problem for
ersons with type 1 diabetes. The incidence of hypogly-
emia during or after exercise appears to depend on pre-
xercise blood glucose levels (198). After a 75-minute
xercise session, in 83% of 46 patients with type 1 diabe-
es, glucose values dropped 25% from pre-exercise values
nd 30% of the patients became hypoglycemic (�60
g/dL [3.33 mmol/L]) either during or after exercise
hich varied by baseline values (199). Treatment with
5 g glucose resulted in only a 20 mg/dL (1.11 mmol/L)
ise in blood glucose, which in most patients did not

ncrease blood glucose levels to 80 mg/dL (4.44 mmol/L).
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Table 11. Studies (1 y or longer) reporting on the long-term effects of weight management on metabolic outcomes

First author, y,
(reference)

Population, participants enrolled
(completers)/duration Intervention (type) Major findings

Wing, 1987 (166) n�124 (114) overweight patients
with type 2 diabetes/1 y

Behavioral weight control program (nonrandomized
clinical trial)

Weight loss correlated with 2 HbA1ca (r�0.51); weight loss �6.9 kg or 5% 2 HbA1c, less weight loss no
improvement (P�0.001); TCb, blood pressure: NSc

Manning, 1998 (163) n�147 (1-y 132) (4-y 103) plus 58
control overweight patients with
type 2 diabetes/4 y

Dietetic consultation vs with 30 mg/d
dexfenfluramine vs home visits vs behavioural
group therapy (RCTd)

1-y: NS difference in weight loss (range �1.4 to �3.0 kg); control: �1.2 kg (P�0.01); no improvement in
HbA1c in any group; 4-y: only dexfenfluramine weight loss (�2.5 kg) (P�0.025); HbA1c not decreased

Hollander, 1998 (158) n�391 (254) obese patients with
type 2 diabetes/52 wk

Hypocaloric diet (�500 kcal/d deficit) with orlistat
(120 mg three times/d) or placebo (RCT)

Orlistat vs placebo: weight 2 6.2�0.5 vs 4.3�0.6 kg (P�0.001); HbA1c 2 0.28�0.09% vs 1 0.18�0.11%
(P�0.001); 2 TC and LDL-Ce (both P�0.001) and TGf (P�0.05)

Metz, 2000 (153) n�119 (92) patients with type 2
diabetes/1-y

Prepared meal plan vs usual care exchange-based
diet plan (RCT)

Prepared meal plan vs usual care: weight loss 2 3.0�5.4 kg vs 1.0�3.8 kg (P�0.001); 2 HbA1c, TC, LDL-C
and HDL-Cg and blood pressure (from baseline both groups P�0.001)

Paisey, 2002 (171) n�30 (25) obese patients with type
2 diabetes/1 y and 5 y

Very-low-energy diet (650 kcal/d) for 6 wk vs
intensive conventional diet (cohort study)

Weight loss slower in intensive conventional diet vs very-low-energy diet, but at 5-y better maintained (�8.9�4
kg vs �4.8�6 kg (P�0.05); intensive conventional diet: HDL-C 1 and DBPh 2 (from baseline P�0.05)

Hanefeld, 2002 (154) n�492 (383) overweight adults with
type 2 diabetes/1-y

Hypocaloric diet with orlistat (120 mg three
timesd) or placebo (RCT)

Orlistat vs placebo: weight 2 5.5�5.1 kg vs 3.4�5.3 kg (P�0.006); HbA1c 2 0.9�1.3 vs 0.4�1.5%
(P�0.001); TC 2 (P�0.01), LDL-C 2 (P�0.05); blood pressure 2 in both groups (NS between groups)

Kelley, 2002 (155) n�535 (265) overweight and obese
patients with insulin-treated type
2 diabetes/1 y

Hypocaloric diet with orlistat (120 mg three times/
d) or placebo (RCT)

Orlistat vs placebo: weight 2 3.9�0.3 kg vs 1.3�0.3 kg (P�0.001); 2 HbA1c 0.62�0.1% vs 0.3�0.1%
(P�0.02); TC (P�0.002), LDL-C (P�0.001); blood pressure, TG, HDL-C: no change in either group

Miles, 2002 (156) n�516 (311) overweight and obese
patients with metformin-treated
type 2 diabetes/1 y

Hypocaloric diet with orlistat (120 mg three times/
d) or placebo (RCT)

Orlistat vs placebo: weight 2 4.7�0.3 kg vs 1.8�0.3 kg (P�0.001); HbA1c 2 0.8�0.1% vs 0.4�0.1% (NS
between groups); TC2 (P�0.05); LDL-C, HDL-C, TG: no change; SBPi and DBP 2 (both groups P�0.05)

McNulty, 2003 (169) n�194 (144) obese patients with
metformin-treated type 2
diabetes/1 y

Sibutramine (15 mg/d) vs sibutramine (20 mg/d)
vs placebo (dietetic advice) (RCT)

Sibutramine: 15 mg/d weight 2 5.5�0.6 kg and 20 mg/d weight 2 8.0�0.9 kg (P�0.001), placebo (NS);
HbA1c, TC, and LDL-C: no change in either groups; SBP and DBP 1 3-4 mmHg with sibutramine

Ash, 2003 (164) n�51 (27) overweight men with
type 2 diabetes/18-mo

12-wk intermittent energy restriction vs pre-
portioned meals vs self-selected meals, follow-
up at 18 mo (RCT)

12 wk: weight loss 2 6.4�4.6 kg, HbA1c 2 1.0�1.4%, TG 2 26.6 mg/dL (NS between groups); 18 mo: all
parameters returned to baseline levels

Redmon, 2003 (159)
and 2005 (160)

n�48 obese patients with type 2
diabetes/1-y and 2-y follow-up

Usual care vs meal replacements (900-1,300 kcal)
7 d every 2 mo and 1 meal replacements/d
between these wks and sibutramine (10-15
mg/d); after 1-y usual care crossed over to
sibutramine therapy (RCT)

1-y: meal replacements and sibutramine, weight loss 2 7.3�1.3 kg vs 0.8�0.9 kg (P�0.001); HbA1C 2
0.6�0.03 vs no change (P�0.05); 2 TC and LDL-C, SBP, DBP NS between groups; 2-y: meal replacements
and sibutramine group, weight loss 2 4.6�1.2 kg (P�0.001), HbA1c 2 0.5�0.3% (P�0.08); UC 1-y and
then meal replacements and sibutramine, 2 y: results similar to other group at 1 y

Dhindsa, 2003 (125) n�44 (40) obese adults with type 2
diabetes/very-low-energy diet for
8 wk, maintenance program for
up to 1 y

Very-low-energy diet (750 kcal/d) followed by
standard diet and exercise advice every 2-3
mo (nonrandomized clinical trial)

1-y: body weight 2 10 kg (P�0.001); fructosamine 2 15 �mol/L (P�0.001); TC 2 38.7 mg/d (P�0.003);
blood pressure 2 average 8/3 mm Hg (P�0.001)

Derosa, 2004 (168) n�144 (133) obese patients with
type 2 diabetes/1 y

Hypocaloric diet�360 mg/d orlistat vs 10 g/d
sibutramine (RCT)

12 mo: orlistat: body mass index 2 33.6�1.3 to 29.7�0.6, HbA1c 2 7.1�0.5% to 6.3�0.3%; sibutramine:
body mass index 2 33.1�1.4 to 29.5�0.5 kg, HbA1c 2 7.0�0.6% to 6.3�0.2% (all P�0.01); blood
pressure 2 3 mm Hg (P�0.05) in orlistat group but no change in sibutramine group

Sanchez-Reyes,
2004 (170)

n�86 (47) overweight and obese
Hispanic adults with
glibenclamide-treated type 2
diabetes/1 y

Sibutramine (10 mg/d) vs placebo (dietetic advice)
(RCT)

Sibutramine vs placebo: weight 2 4.1 kg vs 1.4 kg (P�0.05); HbA1c 2 0.6% vs 1 0.1% (P�0.05) blood
pressure 2 in both groups (P�0.05)

Wolf, 2004 (161) n�147 (118) obese patients with
type 2 diabetes/1 y

Case management with registered dietitian vs
usual treatment (educational material) (RCT)

Case management: weight 2 2.4 kg vs 1 0.6 kg (P�0.001); HbA1c (NS change in both groups); 2 TC, LDL-C,
HDL-C, TG (NS between groups)

Brinkworth, 2004 (94) n�66 (38) obese patients with type
2 diabetes/64 wk

High protein (30% protein, 40% CHO) vs low
protein (15% protein, 55% CHO) (RCT)

High protein vs low protein: weight 2 3.7�1.0 kg vs 2.2�1.1 kg (P�0.01 from baseline for both groups; no
diet effect); HbA1c, TG, TC, blood pressure: NS compared to baseline in both groups

Mayer-Davis,
2004 (165)

n�187 (152) overweight patients
with type 2 diabetes/1-y

Intensive lifestyle intervention vs reimbursable
lifestyle intervention vs usual care (RCT)

Intensive lifestyle intervention: weight 2 2.2 kg (P�0.003) at 12 mo, no change in other groups; HbA1c, lipids,
and blood pressure: NS differences, only 6-mo values reported

(continued)
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Table 11. Studies (1 y or longer) reporting on the long-term effects of weight management on metabolic outcomes (continued)

First author, y,
(reference)

Population, participants enrolled
(completers)/duration Intervention (type) Major findings

Norris, 2004 (167) 22 RCT in adults with type 2
diabetes/follow-up 1 to 5 y

4,659 participants with weight loss interventions
vs 585 with usual care (meta-analysis)

Pooled weight loss for any intervention vs usual care: 2 1.7 kg (95% confidence interval: 0.3 to 3.2 kg) or 3.1%
of baseline weight (P�0.05); HbA1c generally corresponded to weight loss but NS between groups; TC 2 7.2
to 1 5.9 mg/dL and blood pressure 2 4 to 1 1 mm Hg between-group changes

Li, 2005 (162) n�104 (77) obese patients with
type 2 diabetes/1 y

Soy-based meal replacements vs individualized
exchange-based diet plans (RCT)

Meal replacements: weight 2 4.4�5.3 vs 2.4�4.9 kg (P��0.05); HbA1c; NS improvement in either group;
Meal replacements: LDL-Ck 2 6.10 mg/dL (P�0.255); TG both groups 2 28 mg/dL (P�0.38)

Berne, 2005 (157) n�220 (190) obese patients with
type 2 diabetes/1 y

Weight management program�orlistat (120 mg
three times/d) vs placebo (RCT)

Orlistat vs placebo: weight 2 4.8�0.1 vs 1.7�0.01 kg (P�0.0001); HbA1c 2 1.1% vs 0.2% (P�0.0001); TC
2 9.3 vs 1 3.9 mg/dL; LDL-C 2 5.0 vs 1 8.5 mg/dL (both P�0.001); blood pressure 2 3.1/2.4 mm Hg
vs 2 3.1/1.9 mm Hg (NS between groups)

Riddle, 2006 (175) n�222 out of 401 patients with
type 2 diabetes who completed
treatment with exenatide/82 wk

Exenatide (10 �g twice/d) with sulphonylurea or
metformin (cohort study)

Body weight from baseline to wk 30 2 2.1�0.3 kg and at wk 82 to 4.0�0.3 kg (95% confidence interval:
�4.6 to �3.4 kg); HbA1c at 30 wk 2 1.0�0.1% and maintained to wk 82 (95% confidence interval: �0.9
to �1.2%)

Ratner, 2006 (176) n�92 out of 150 patients with type
2 diabetes who extended
treatment with exenatide/82 wk

Exenatide with metformin (cohort study) Body weight from baseline to wk 30 2 3.0�0.6 kg and at wk 82 to 5.3�0.6 kg (P�0.05); HbA1c at 30 wk 2
1.0�0.1% and after 82 wks 2 1.3�0.1% (P�0.05); improvement in cardiovascular risk factors

Blonde, 2006 (176) n�314 our of 551 patients with
type 2 diabetes who extended
treatment with exenatide/82 wk

Exenatide with sulphonylurea and/or metformin
(RCT)

Body weight from baseline to wk 30 2 2.1�0.2 kg and at wk 82 to 4.4�0.3 kg; HbA1c at 30 wk 2
0.9�0.1% and at wk 82 2 1.1�0.1%; HDL-C 1 4.6 mg/dl; TG 236.6 mg/dL; DBP 2 2.7 mm Hg
(significance not reported)

Scheen, 2006 (178) n�1047 (692) overweight or obese
patients with type 2 diabetes/1 y

Rimonabant (5 mg/d) vs rimonabant (20 mg/d) vs
placebo; mild hypocaloric diet advice (RCT)

Placebo: weight 2 1.4�3.6 kg; 5 mg rimonabant: weight 2 2.3�4.2 kg (P�0.01 vs placebo); 20 mg
rimonabant: weight 2 5.3�5.2 kg (P�0.001 vs placebo); 20 mg: HbA1c 2 0.6% vs 0.1 placebo (P�0.001),
TG 2, HDL 1 (all P�0.0001), SBP 2 (P�0.02)

Eliasson, 2007 (179) n�38 (22) obese patients with
diabetes/1 y

Topiramate (96 twice/d) vs placebo (double-blind
RCT)

Topiramate vs placebo: weight 2 7.2�4.3 vs 1.5�1.5 kg (P�0.001); HbA1C 2 1.1�0.9% vs 1 0.3�0.8%
(P�0.0009); lipids: NS in both groups; adverse effects on central nervous system and paresthesia caused
drop-out rate of 42%

The Look AHEAD
Research Group
2007 (127) and
2008 (172)

n�5,145 (4,959) overweight/obese
adults with type 2 diabetes/1-y
results

Intensive lifestyle intervention (meal replacements or
structured food plan, 175 min physical activity/wk,
3-4 weekly sessions/mo) vs control (diabetes
support/education group, 4 sessions/y) (RCT)

Intensive lifestyle intervention vs control: weight 2 8.6% vs 0.7%; fitness 1 20.9% vs 5.8%; HbA1c 2 0.7%
vs 0.1%; SBP 2 6.8 vs 2.8 mm Hg; DBP 2 3.0 vs 1.8 mm Hg; HDL-C 1 3.4 vs 1.4 mg/dL; TG 2 30.3 vs
14.6 mg/dL (all P�0.001); LDL-C 2 5.2 vs 5.7 mg/dL: NS; regular self-weighing, eating breakfast, and
infrequent consumption of fast food were related to lower body mass index in the study population.

Nielsen, 2008 (21) n�31 patients with type 2
diabetes/44 mo

Low CHO diet (20%) vs higher CHO, low-fat diet
(55%-60%, 15%, respectively (retrospective
observational study)

Low CHO group: weight 2 100.6 kg to 93.1 kg; HbA1c 2 8.0% to 6.8%; both P�0.001; 7 of 15 controls
switched to the low CHO diet at 6 mo. No sign of a negative cardiovascular effect in low-CHO group.

Cheskin, 2008 (173) n�112 (24 at wk 86) overweight/
obese patients with type 2
diabetes/86 wk

34 wk 25% kcal deficit diet from meal
replacement vs standard, self-selected food
diets, 1-y maintenance (RCT)

Meal replacement: weight 2 5.6�6.0 kg (P�.006) vs 4.7�7.3 kg (P�0.09): NS between groups; HbA1c: NS
from baseline in both groups; TC, LDL-C, TG: NS changes in both groups; meal replacement: HDL-C 1
7.7�17.0 mg/dL (P�0.007); meal replacement: SBP 2 �7.6 mm Hg (P�0.48); standard: DBP 2 �9.7 mm
Hg (P�004)

Feldstein, 2008 (174) n�2,574 adults with newly
diagnosed type 2 diabetes/3 y

High stable weight vs lower stable weight vs
weight gain vs weight loss (retrospective cohort
study)

Weight loss group 2 10.7 kg by 18 mo followed by regain to 36 mo; even with weight regain this group at 36
mo was less likely to have above goal HbA1c (P�0.0001) and above goal blood pressure (P�0.0001)

Brehm, 2009 (19) n�124 overweight/obese patients
with type 2 diabetes/1 y

High monounsaturated fatty acid (45% CHO, 40%
fat [20% monounsaturated fatty acid]) diet vs
high-CHO (60% CHO, 25% fat) diets with 2
200-300 kcal/d (RCT)

NS differences in beneficial effects on weight loss (�3.9 kg), blood pressure, HDL-C, HbA1c, glucose and insulin
between groups at 1 y

Davis, 2009 (20) n�105 overweight adults with type
2 diabetes/1 y

Low-CHO diet (modeled after Atkins diet) vs low
fat diet (25%) (randomized clinical trial)

NS difference in weight loss (-3.1 kg), HbA1c, blood pressure, TC, TG, LDL-C between groups, all NS from
baseline; HDL-C 1 in low CHO group (P�0.002).

aHbA1c�glycosylated hemoglobin.
bTC�total cholesterol.
cNS�non-significant.
dRCT�randomized controlled trial.
eLDL-C�low-density lipoprotein cholesterol.
fTG�triglycerides.
gHDL-C�high-density lipoprotein cholesterol.
hDBP�diastolic blood pressure.
iSBP�systolic blood pressure.
kTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL�5.0 mmol/L.
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Table 12. Studies (3 mo or longer) reporting on the effects of physical activity on metabolic outcomes in persons with type 2 diabetes

First author, y,
(reference) Population/duration Intervention (type) Major findings

Mayer-Davis,
1998 (192)

n�1,467 African-Americans or non-Hispanic
white adults with varying degrees of
glucose tolerance/not applicable

Assessed: physical activity METSa by questionnaire,
glucose tolerance, and insulin sensitivity (cross-
sectional study)

Higher insulin sensitivity associated with 1 participation in nonvigorous physical activity (P�0.01)
and vigorous physical activity (P�0.001)

Wei, 2000 (193) n�1,263 adult men with type 2 diabetes/
11.8 y follow-up

Assessed: physical fitness by maximal exercise
treadmill test (prospective cohort study)

Low fitness group: adjusted risk for all-cause mortality of 2.1 compared to fit men (P�0.001)

Boulé, 2001 (191) n�504 adults from 14 articles/not
applicable

Extracted: exercise interventions—type, frequency,
duration, intensity, energy cost (meta-analysis)

Exercise: HbA1cb 2 0.66% (P�0.001); average weight change in exercise groups: �0.9 kg
(P�0.70), in exercise and diet groups: �3.4 kg (P�0.11), in control �0.8 kg (P�0.73)

Castaneda, 2002 (182) n�62 adults with type 2 diabetes/16 wk Progressive resistance training 3 times/wk vs control
(usual care) (RCT)

Resistance training vs control from baseline: HbA1c 2 1.1% vs 0.1% (P�0.01); SBPc 2 9.7 vs
1 7.7 mm Hg (P�0.05) TGd,e 2 18.6 vs 1 9.7 mg/dL (P�0.08)

Goldhaber-Fiebert,
2003 (183)

n�61 adults with type 2 diabetes/12 wk Lifestyle intervention (walked 60 min 3 times/wk) vs
control (diabetes education via lecture) (RCT)

Exercise group: HbA1c 2 1.8�2.3% vs 0.4�2.3% in control (P�0.05)

Church, 2004 (194) n�2196 adult men with type 2 diabetes/1
to 26 y (average 14.6�7.1 y) follow-up

Assessed: physical fitness by maximal exercise
treadmill test (prospective cohort study)

Fitness: inverse association with mortality, seen in all body mass index groups (P for trend
�0.0001); no trend across body mass index categories for mortality after adjustment for fitness

Van Rooijen,
2004 (186)

n�149 women with type 2 diabetes/12 wk Exercise group (45 min/d�45 min aerobics class
every 2 wk) vs relaxation group (RCT)

HbA1c improved in both groups (P�0.01) but authors suggest due to study effect

Kirk, 2003 (188) and
2004 (190)

n�59 adults with type 2 diabetes/12 mo Physical activity counseling vs control (weight loss
diet plan) (RCT)

Physical activity counseling: HbA1c 2 0.31% at 6 mo (between group P�0.05); 12 mo: HbA1c,
SBP, TCf, weight: NSg between groups

Sigel, 2004 (181) 8 exercise articles (physical activity/exercise,
type 2 diabetes)/not applicable

American Diabetes Association recommendations
(technical review)

Recommend: 150 min/wk of moderate-intensity pysical activity (40-60% of VO2
h or 50%-70%

maximum heart rate) to improve glycemic control; no more than 2 d without physical activity
Dunstan, 2002 (187)

and 2005 (189)
n�33 sedentary adults with type 2

diabetes/12 mo
Resistance training (45 min high-intensity 3 d/wk) vs

weight loss (flexible exercise every 2 wk); both
groups given weight loss diet plan (RCT)

6 mo: resistance training HbA1c 2 1.2�1.0% vs 0.4�0.8% (P�0.01); 12 mo: HbA1c NS from
baseline for either group; insulin sensitivity NS between groups

Di Loreto, 2005 (185) n�182 adults with type 2 diabetes/2 y Exercise (40%-60% heart rate) vs control (RCT) 11 to 20 METS energy expenditure/wk 2 HbA1c, TC, TG, blood pressure (all P�0.0001); �20
METS energy expenditure/wk needed to 2 weight, body mass index, low-density lipoprotein
cholesterol and to 1 high-density lipoprotein cholesterol

Cauza, 2005 (184) n�43 adults with type 2 diabetes/4 mo Strength training 3 times/wk vs endurance training 3
times/wk (RCT)

Strength training: improved HbA1c (P�0.001), insulin sensitivity (P�0.04), blood pressure
(P�0.001); endurance training: improved blood pressure only (P�0.002)

Sigal, 2007 (200) n�251 adults with type 2 diabetes/6 mo Aerobic training vs resistance training vs combined
exercise training (3 times/wk for all groups) vs
sedentary control (RCT)

HbA1c: aerobic 2 0.43%, resistance training 2 0.30%, combined 2 0.90%, control 1 0.07%
(combined groups total duration of exercise was longer); blood pressure and lipids: NS between
groups

Kelley, 2007 (203) n�7 studies with 220 adults with type 2
diabetes/studies 10-26 wk

Effects of aerobic exercise on lipids and HbA1c
(meta-analysis)

Low-density lipoprotein cholesteroli 2 5% (mean �6.4 mg/dL; 95% confidence interval �11.8,
�1.1; P�0.05); TC, high-density lipoprotein cholesterol, TG: NS reduction; HbA1c (trend for
reduction)

Conn, 2007 (201) n�103 studies with 10,455 participants
with type 2 diabetes/not specified

Effects of diabetes self-management interventions
that recommended increase exercise vs control
(meta-analysis)

Exercise vs control: effect size consistent with a HbA1c difference 2 0.45

McAuley, 2007 (202) n�831 patients with type 2 diabetes
referred for exercise testing/mean follow-
up 4.8�3.0 y

Patients classified by body mass index and exercise
capacity (�5.0 or �5.0 maximal METS) (cohort
study)

Each 1 MET 1�10% survival benefits (hazard ratio: 0.90, 95% confidence interval 0.82-0.98;
P�0.01); body mass index: NS association with mortality

Wing, 2007 (204) n�5,145 participants from Look AHEAD/
baseline data

Association of cardiorespiratory fitness and obesity
(cross-sectional study)

Body mass index average: 36�5.9; maximal average MET: 8.0�2.1 for men, 6.7�4.3 for women;
body mass index and fitness highly associated (P�0.0001); heaviest least fit; HbA1c associated
with fitness and SBP associated with body mass index; lipids not associated with either

aMETS�metabolic equivalents; a unit of intensity equal to energy expenditure at rest.
bHbA1c�glycosylated hemoglobin.
cSBP�systolic blood pressure.
dTG�triglycerides.
eTo convert mg/dL triglycerides to mmol/L, multiply mg/dL by 0.0113. To convert mmol/L triglycerides to mg/dL, multiply mmol/L by 88.6. Triglycerides of 159 mg/dL�1.80 mmol/L.
fTC�total cholesterol.
gNS�non-significant.
hVO2�maximal oxygen uptake.
iTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL�5.0 mmol/L.
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n addition, hypoglycemia developed in participants over-
ight more often on exercise nights than on sedentary
ights.

esearch Published after Completion of the Initial
ecommendations
igal and colleagues (200) evaluated the effects on HbA1c

n persons with type 2 diabetes from aerobic or resistance
raining alone or a combination of the two and concluded
hat both aerobic and resistance training alone improve
lycemic control but improvements are greatest when the
wo are combined (although total duration of exercise was
lso longer). A meta-analysis of 103 research studies with
0,455 participants with type 2 diabetes assessed the
ffect of diabetes self-management interventions that in-
luded recommendations to increase exercise for benefit
o metabolic outcomes and concluded that interventions
hat emphasize exercise are especially effective in
mproving metabolic control (201). The overall mean
eighted effect size for exercise vs control group compar-

son was 0.29 (higher for treatment than control), an
ffect size that is consistent with a mean improvement in
bA1c of 0.45%. Another study documented the inverse
ssociation between exercise capacity and all-cause mor-
ality, independent of BMI (202), which was also reported
n two previous studies (193,194).

A meta-analysis by Kelley and colleagues (203) exam-
ned the effects of aerobic exercise on lipids and lipopro-
eins in adults with type 2 diabetes. They concluded that
erobic exercise lowers LDL cholesterol by about 5%,
hereas, no statistically significant improvements were

ound in other blood lipid values. Wing and colleagues
204) examined the role of fitness and fatness on CVD
isk in participants enrolled in the Look AHEAD study
nd reported that although fitness and fatness were
ighly associated with each other (heaviest participants
ere less fit), they appear to have a different affect on

pecific CVD risk factors. HbA1c was strongly inversely
ssociated with fitness (more fit, lower HbA1c), whereas
ystolic blood pressure was strongly positively associated
ith BMI category (higher BMI, higher systolic blood
ressure). Blood lipid levels were not consistently associ-
ted with either measurement.
In a cross-sectional study of patients with type 1 dia-

etes, increasing physical activity was associated with
ower frequency of dyslipidemia and lower HbA1c levels
205). However, participation in exercise for individuals
ith type 1 diabetes also poses challenges. Two reviews

ummarized problems with hypoglycemia and hypergly-
emia (206,207). Participation in continuous moderate-
ntensity exercise (aerobic activity between 40% and 59%
f maximum oxygen uptake or 55% to 69% maximal heart
ate) increases the risk of hypoglycemia, both during and
or up to 31 hours of recovery time, whereas during sus-
ained high-intensity exercise (approximately 15 minutes
t �80% of maximum oxygen uptake) a progressive rise
n blood glucose levels can occur. Combinations of the two
eferred to as intermittent high-intensity exercise (such
s activity patterns of many team and field sports) are not
s well studied.
In a review, Rachmiel and colleagues (207) suggested

ecommendations for insulin adjustments for exercise.

With planned mild-to-moderate exercise, a reduction in
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remeal insulin by 30% to 50% is recommended, accord-
ng to the intensity and duration of the activity. With
nplanned activity and when insulin has not been ad-

usted, an extra 15 to 30 g carbohydrate for every 60
inutes of moderate activity needs to be added and 15 to

0 g should be consumed after activity ends. Further-
ore, pre-bedtime blood glucose should be �130 mg/dL

7.21 mmol/L) on days of afternoon or evening activity.
ith hyperglycemia caused by vigorous activity, an ad-

itional bolus of insulin should only be added after study-
ng the individual’s response to vigorous activity on sev-
ral occasions.

ecommendations for Physical Activity
n persons with type 2 diabetes, 90 to 150 minutes of
ccumulated moderate-intensity aerobic physical activity
er week as well as resistance/strength training three
imes per week is recommended. Both aerobic and resis-
ance training improve glycemic control, independent of
eight loss. Individuals who are already exercising at
oderate intensity may be encouraged to consider in-

reasing the intensity of their exercise to obtain addi-
ional benefits in both aerobic fitness and glycemic con-
rol. Physical activity also improves insulin sensitivity
nd decreases risk for CVD and all-cause mortality.
Individuals with type 1 diabetes should be encouraged

o engage in regular physical activity. Although exercise
s not reported to improve glycemic control in persons
ith type 1 diabetes, individuals may receive the same
enefits from exercise as the general public—decreased
isk of CVD and improved sense of well-being.

RDs should instruct individuals taking insulin or insu-
in secretagogues on safety guidelines to prevent hypo-
lycemia (eg, frequent blood glucose monitoring, possible
djustments in insulin dose or carbohydrate intake, and
o carry carbohydrate food/beverages while exercising).
arbohydrate should be ingested if pre-exercise glucose

evels are �100 mg/dL (5.55 mmol/L). Research indicates
hat the incidence of hypoglycemia during exercise may
epend on baseline glucose levels.

imitations of Current Research and Additional Research
eeded for Physical Activity
esearch in patients with type 2 diabetes has demon-
trated the benefits of aerobic and resistance physical
ctivities. However, research regarding the benefits and
isks of physical activity in persons with type 1 diabetes
s more limited. Individuals must learn to minimize risks
y self-adjusting insulin doses or by intake of carbohy-
rate. Although some research has examined insulin ad-
ustments, very little research has been done on type and
mounts of carbohydrate to consume with exercise. This
ype of research is needed to help individuals and health
rofessionals better understand how individuals with
ype 1 diabetes can safely participate in all types of phys-
cal activities.

LUCOSE MONITORING EVIDENCE AND RECOMMENDATIONS
efore the 1980s, outside of laboratory blood glucose test-

ng, urine was tested to indicate high blood glucose val-

es. Since then, single point measurement of blood glu- c

878 December 2010 Volume 110 Number 12
ose and the laboratory value HbA1c have been used as
easures of glycemic control in persons with diabetes.
lthough self-monitoring of blood glucose (SMBG) is rec-
mmended for persons using insulin, its usefulness in the
anagement of type 2 diabetes is debated. Twenty stud-

es that met predetermined criteria were reviewed to
valuate the relationship between SMBG and metabolic
utcomes in persons with type 1 diabetes and type 2
iabetes (Table 14).
The next generation of glucose monitors is the contin-

ous glucose monitoring devices, which measure glucose
n interstitial fluid and provide readings every 5 to 10

inutes. They also have alarms for glucose highs and
ows and the ability to download data and track trends
ver time. To determine the relationship between contin-
ous glucose monitoring and metabolic outcomes, 14
tudies meeting predetermined criteria were reviewed
Table 14).

esearch Reviewed
rospective intervention studies in patients with type 1
iabetes that included self-management training and ad-
ustment of insulin doses based on SMBG showed signif-
cant improvement in glycemic control compared to study
ontrol groups (8,9). More frequent SMBG was also asso-
iated with better glycemic control, regardless of diabetes
ype or therapy (208).

In six studies in patients with type 2 diabetes, SMBG
ompared to non-SMBG was associated with greater im-
rovement in HbA1c when it was a part of structured
ducation programs and individuals used the information
o make changes in the their management program (208-
13). Evidence on optimum frequency and duration of
MBG, however, is inconclusive (208,214-221). Three
tudies reported greater reductions in HbA1c with SMBG
anging from one to three tests per day compared to no
MBG (211,213,217). In adults with type 2 diabetes
reated with nutrition therapy and exercise, HbA1c de-
reased incrementally with each increase in SMBG fre-
uency (208).
Six studies using continuous glucose monitoring re-

orted improvements in glycemic control (222-227) and
ix studies reported improvements in hyper- and hypo-
lycemic ranges (225,227-233). Although data derived
rom continuous glucose monitoring can be used to modify
ood or insulin therapy, there is little research that ex-
mines whether use of this information will improve met-
bolic outcomes significantly more than use of informa-
ion from SMBG. Two studies found that both methods
mproved HbA1c (226,230); however, one study reported
nly continuous glucose monitoring improved HbA1c
224), and one study reported that only continuous glu-
ose monitoring reduced hyperglycemia (232). Three
tudies reported on normative glucose data and patterns
rom using continuous glucose monitoring (233-235).

esearch Published after Completion of the Initial
ecommendations
he question of whether to recommend SMBG among
ersons with type 2 diabetes who are not taking insulin

ontinues to be debated. Although one study reported



Table 14. Studies reporting on the relationship between self-monitoring of blood glucose and continuous glucose monitoring and metabolic outcomes

First author, y,
(reference) Population/duration Intervention (type) Major findings

DCCTa Research
Group, 1993 (8)

n�1,398 patients with type 1 diabetes/6.5 y Conventional vs intensive therapy (insulin pump or insulin �3/
d, monthly clinic visits including registered dietitian visits)
(RCTb)

Intensive diabetes therapy reduced the overall risk for onset and progression of
diabetic retinopathy, nephropathy, and neuropathy by �50%

Karter, 2001 (208) 24,312 adults with type 1 or type 2 diabetes/data
assessed over a 12-y period

Analysis of data from a questionnaire or telephone survey
(cohort study)

More frequent SMBGc was associated with better glycemic control regardless
of type or therapy; type 1 diabetes (P�0.0001), type 2 diabetes on insulin
(P�0.0001), type 2 diabetes on oral agents (P�0.001)

DAFNEd Study Group,
2002 (9)

n�136 adults with type 1 diabetes/6 mo 5-d course taught by registered dietitians and nurse specialists;
taught to adjust mealtime insulin based on planned CHOe

intake vs control (fixed insulin doses) (RCT)

Treatment group vs control: HbA1cf 2 1.0%, 9.4%¡8.4% (P�0.0001) and
quality of life improved (P�0.01); no change in severe hypoglycemia, lipids,
and weight

Allen, 1990 (209) n�54 men with type 2 diabetes, no insulin
use/6 mo

SMBG groups or urine (glucose) testing, monthly clinic visits,
registered dietitian instructed all patients (RCT)

Change in HbA1c: NSg between groups; HbA1c 2 in both groups (P�0.03-
0.001)

Coster, 2000 (214) 6 RCT with 27-208 participants with type 2
diabetes/not applicable

Effectiveness of blood or urine self-monitoring (meta-analysis) Estimated 2 HbA1c with either was 0.25% (95% confidence interval �0.61%
to �0.10%) vs no monitoring: NS difference between methods

Franciosi, 2001 (220) n�2,855 patients with type 2 diabetes, all
therapies/not applicable

Questionnaires at study entry, data collection from medical
records (cross-sectional)

HbA1c lower when SMBG �1/day vs doing it less frequently (P�0.0001);
improved HbA1c with higher frequency of SMBG in participants who
adjusted their insulin (P�0.002)

Harris, 2001 (215) n�1,480 adults with type 2 diabetes/not
applicable

Completion of questionnaire and measurement of HbA1c (cross-
sectional)

Frequency of SMBG not related to HbA1c within each diabetes therapy
category (P�0.5)

Meier, 2002 (216) n�1,467 adults with type 2 diabetes, no insulin
use/6 mo

Done to determine effect of reimbursing less SMBG strips
(cohort study)

Decrease in SMBG utilization (P�0.001) without significant change in HbA1c

Schwedes, 2002
(211)

223 adults with type 2 diabetes not on insulin/6
mo�6 mo follow-up

SMBG (6 times/d, 2 d/wk) vs control (RCT) SMBG vs control: HbA1c 2 from baseline (P�0.0086) at 6 mo; 87%
continued SMBG and glucose remained stable

Murata, 2003 (217) n�201 adults with type 2 diabetes on insulin/8
wk, follow-up to wk 52

SMBG premeal and bedtime; compliance with SMBG assessed
(cohort study)

At 8 wks, participants with highest HbA1c (�8.0%) and �75% compliance
with SMBG 2 HbA1c (P�0.001); maintained to wk 52 (P�0.001)

Jaworska, 2004
(218)

n�218 patients with type 2 diabetes/not
applicable

Questionnaire completed; HbA1c from medical records (cross-
sectional)

NS difference in HbA1c between participants performing SMBG at different
frequencies

Wen, 2004 (219) n�976 patients with type 2 diabetes on oral
agents/3-y period

Review of clinic records and prescriptions of SMBG (cohort
study)

NS association between duration of SMBG and glycemic control

Sarol, 2005 (213) 8 RCTs with 1,307 participants with type 2
diabetes/not applicable

SMBG vs no SMBG in participants not on insulin (meta-analysis) SMBG 2 HbA1c 0.39% (fixed effects model) and 0.42% (random effects
model) vs no SMBG

Davidson, 2005 (212) n�88 adults with type 2 diabetes, no insulin use
at entry/6 mo

SMBG group vs control group, registered dietitian and nurse
provided education (RCT)

Change in HbA1c NS between groups at study end (P�0.58)

Franciosi, 2005 (210) n�1,896 patients with type 2 diabetes, no insulin
use/3 y

Questionnaires at study entry and every 6 mo, documentation
of SMBG and HbA1c (cohort study)

NS difference in HbA1c between subgroups with differing SMBG testing
frequency (P�0.001)

Martin, 2006 (221) n�3,268 adults with type 2 diabetes/8 yrs Medical record data collection from time of diabetes diagnosis
to nonfatal or fatal endpoint or study end (cohort study)

SMBG compared to non-SMBG associated with 2 diabetes-related morbidity
(hazard ratio 0.63) and all-cause mortality (hazard ratio 0.52)

Kaufman, 2001 (222) n�40 adolescents with type 1 diabetes/3 mo CGMSh vs SMBG to alter insulin regimen (time series) CGMS found 4-7 times as many patterns as SMBG logs; HbA1c 2 from
baseline to 3 mo (P�0.03)

Schiaffini, 2002 (228) n�27 adolescents with type 1 diabetes/6 wk Study 1: CGMS (worn for 3 d) vs SMBG; Study 2: CGMS worn
again at 6 wk, patterns used to adjust insulin (time series)

Study 1: glucose similar between CGMS and SMBG; however CGMS revealed
higher number of hypoglycemic events (P�0.0001). Study 2. Incidence of
hypoglycemia 2 from baseline to 6 wk (P�0.05)

Schaepelynck-
Belicar, 2003
(225)

n�12 patients with type 1 diabetes/6 mo CGMS (baseline and at 2 mo) used to modify insulin therapy
(time series)

HbA1c 2 from 10.3% to 8.75% (P�0.05)

Ludvigsson, 2003
(224)

n�27 adolescents with type 1 diabetes/3 mo on
each arm

Adjusting insulin: open arm using CGMS patterns vs blind arm
using SMBG (crossover RCT)

HbA1c 2 during open arm (P�0.013) but not during blind arm; hypoglycemia
NS between arms

Chico, 2003 (223) n�75 patients with type 1 diabetes and 30 with
type 2 diabetes/3 mo

CGMS wore sensors for 3 d (therapy changes based on CGMS
patterns) vs control did 3 d intensive SMBG (therapy
changes based on SMBG patterns) (RCT)

HbA1c 2 in both groups (P�0.01 for both groups); CGMS detected
unrecognized hypoglycemia in 62% type 1 and 46.6% type 2 patients

Bode, 2004 (229) n�71 adults with type 1 diabetes/two 72-hr
periods

Alert group (real time sensors off first period and on second
period) vs control group (sensors off both periods) (RCT)

Duration of hypoglycemia 2 (64 to 34 min) in alert group and 1 in control
(64 to 70 min) (P�0.03 between groups)

(continued)
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Table 14. Studies reporting on the relationship between self-monitoring of blood glucose and continuous glucose monitoring and metabolic outcomes (continued)

First author, y,
(reference) Population/duration Intervention (type) Major findings

Deiss, 2004 (226) n�50 patients with type 1 diabetes/6 wks CGMS used to compare glycemia before and after starting CSIIi

(time series)
HbA1c 2 from baseline to end of study (P�0.0002); SMBG and CGMS both

indicated similar improvement in 24-hr average glucose; no change in
hypoglycemic events

Weintrob, 2004 (231) n�21 adolescents with type 1 diabetes/3.5 mo
multiple daily injections; 3.5 mo CSII

CSII (used insulin to carbohydrate ratios) vs multiple daily
injections (fixed CHO) 3 d of CGMS at 2 wk and 3.5 mo
used to adjust insulin in both groups (cross-over RCT)

HbA1c: NS between groups; CSII vs multiple daily injection 2 total area under
the glucose curve for nocturnal hypoglycemia (P�0.01) and postprandial
total area under the glucose curve (P�0.05)

Garg, 2004 (230) N�15 adults with type 1 diabetes/94 d CGMS glucose measurements available to participants vs being
blinded to measurements (nonrandomized clinical trial)

Unblinded participants spent 47% less time below 55 mg/dLj and 25% less
time above 240 mg/dL vs blinded (P�0.05)

Tanenberg, 2004
(227)

n�109 with diabetes on insulin/3 mo Therapy modified based on CGMS and SMBG at visits 3 and 5
vs therapy modified based on SMBG records (RCT)

HbA1c 2 (9.1% to 8.3%) in both groups (P�0.001 for both groups); CGMS vs
SMBG: hypoglycemia 2 minutes/events (P�0.009)

Manuel-y-Keenoy,
2004 (233)

n�23 adults with type 1 diabetes/17 h CGMS used to determine breakfast and lunch postprandial
glucose (cross-sectional)

Lunch 2-h glucose and maximum glycemia less than breakfast postprandial
glucose (P�0.0001 for both)

Streja, 2005 (235) n�60 adults with type 1 diabetes/3 d CGMS used to determine best predictors of hypoglycemia
unawareness (cross-sectional)

Best predictor of hypoglycemia unawareness was maximal duration of
hypoglycemia (P�0.001), followed by use of angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers (P�0.003), and longer duration of
diabetes (P�0.008)

Bode, 2005 (234) n�60 patients with type 1 diabetes and 41 with
type 2 diabetes/12 d

Participants wore CGMS to collect normative data (observational
study)

Participants remained euglycemic �63% of total day, were hypoglycemic
�8%, and were hyperglycemic 29%

Garg, 2006 (232) n�75 adults with type 1 diabetes and 16 with
type 2 diabetes on insulin/3 continuous 72-h
periods

CGMS with hypo/hyperglycemic alarms vs SMBG only to self-
adjust insulin (RCT)

CGMS vs SMBG: 21% less time as hypoglycemic and 23% less time as
hyperglycemic and 26% more time in target range (all P�0.001); nocturnal
hypoglycemia reduced (P�0.05)

Schütt, 2006 (236) n�19,491 with type 1 diabetes, n�5,009 with
type 2 diabetes/not applicable

Relationship between frequency of SMBG to long-term
metabolic control (cross-sectional)

Patients with type 1 diabetes intensified therapy: more frequent SMBG
associated with 2 HbA1c (�0.32% for 1 additional SMBG/d); patients with
type 2 diabetes on insulin therapy: (�0.16% for 1 additional SMBG/d);
patients on oral agents or diet alone: no benefit

Jansen, 2006 (237) 13 studies with patients with type 2 diabetes/not
applicable

3 types of studies compared: SMBG vs no self-monitoring,
SMBG vs urine glucose, SMBG with regular feedback vs
monitoring without feedback (meta-analysis)

SMBG vs no self-monitoring: HbA1c 2 0.4% (95% confidence interval 0.07 to
0.70%); regular feedback doubled the HbA1c 2; self-monitoring of urine
results similar to no monitoring (0.02% 2 HbA1c)

Farmer, 2007 (238) n�453 with type 2 diabetes not on insulin/12 mo SMBG, alone, vs SMBG with instruction in use for self care vs
usual care (RCT)

HbA1c: NS difference at 12 mo between 3 groups (P�0.12)

Bajkowska-
Fiedziukiewicz,
2008 (239)

n�600 with type 2 diabetes/not applicable Association between frequency of SMBG and HbA1c (cross-
sectional)

No correlation between HbA1c levels and frequency of SMBG frequency

JDRF CGMk Study
Group, 2008 (242)

n�322 adults and children with type 1 diabetes
on intensive therapy/26 wk

CGMS vs C using SMBG; all patients stratified into 3 age
groups (RCT)

Change in HbA1c varied by age group (P�0.003); in patients �25 y CGMS:
average difference in change, �0.53% (P�0.001); NS differences in age
15-24 y or 8 to 14 y

Pearce, 2008 (245) n�23 patients with type 2 diabetes/12 d Composition of 4 diets: 40% CHO, 34% protein, 26% fat;
carbohydrate evenly distributed, 70 g/meal vs carbohydrate
loaded at breakfast, 125 mg vs carbohydrate loaded at
lunch, 125 mg vs carbohydrate loaded at dinner, 125 mg;
glucose measured by CGMS (crossover study)

Peak postprandial glucose 1 after CHO loaded at breakfast with CHO evenly
distributed at meals, CHO loaded at lunch, and CHO loaded at dinner having
similar peaks (P�0.003); time spent �215 mg/dL lowest with CHO loaded
at lunch followed by CHO loaded at dinner and CHO evenly distributed; total
area under the curve NS difference between meals

Yoo, 2008 (244) n�65 patients with type 2 diabetes and HbA1c
between 8.0% and 10.0%/3 mo

CGM monthly (3 d at a time/3 mo) vs SMBG (RCT) CGM vs SMBG: HbA1c 2 (P�0.004); CGM group: 2 in daily kcal (P�0.002),
weight (P�0.014), PPG (P�0.034) and 1 in exercise (P�0.02)

Chetty, 2008 (243) 7 studies with 335 patients with type 1 diabetes/
12 to 24 wks

Difference in HbA1c from CGMS vs SMBG in RCT (systematic
review)

CGMS vs SMBG: NS 2 HbA1c (0.22%, P�0.055); some indication of 1
detection of asymptomatic nocturnal hypoglycemia with CGMS

O’Kane, 2009 (241) n�184 patients with newly diagnosed type 2
diabetes/1 y

SBGM vs control (no monitoring) (RCT) HbA1c: NS differences between group (P�0.69), use of diabetes drugs, or
incidence of hypoglycemia; monitoring 1 score on depression subscale
(P�0.01)
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mprovement in HbA1c values in persons with type 1
iabetes or with type 2 diabetes on insulin (236), four
tudies reported no benefits on HbA1c from SMBG in
ersons with type 2 diabetes on oral agents or nutrition
herapy alone (236-239). A Cochrane Review of six stud-
es of SMBG in patients with type 2 diabetes not using
nsulin concluded that SMBG in these patients might be
ffective. However, because the methodological quality of
hese studies was low, the authors concluded that a large
nd well-designed trial is required to determine the role
f SMBG in persons with type 2 diabetes (240).
Four studies compared continuous glucose monitoring
ith SMBG (241-244). One study reported that change in
bA1c varied by age group—continuous glucose monitor-

ng benefiting adults (aged �25 years) with type 1 diabe-
es but not children and young adults aged 8 to 24 years
242). A systematic review of seven studies in persons
ith type 1 diabetes (five were in participants younger

han age 18 years) reported no significant changes in
bA1c from continuous glucose monitoring compared to
BMG, but noted an indication that continuous glucose
onitoring may increase detection of asymptomatic noc-

urnal hypoglycemia (243). A study in persons with type
diabetes reported improvement in HbA1c, daily energy

ntake, body weight, postprandial glucose, and exercise
ith continuous glucose monitoring compared to SMBG
nd suggested that continuous glucose monitoring may
e useful in helping patients modify lifestyle habits that
ould lead to better glycemic control (244). Another study
sed continuous glucose monitoring to study the effect
f carbohydrate distribution on postprandial glucose.
venly distributed carbohydrate intake did not optimize
lucose control as measured by postprandial peaks. Post-
randial glucose values with an equal amount of carbo-
ydrate were higher after breakfast compared to after

unch (245).

ecommendations for Glucose Monitoring
or persons with type 1 or type 2 diabetes on insulin
herapy, at least three to eight glucose tests per day are
ecommended to determine the adequacy of the insulin
ose(s) and to guide adjustments in insulin dose(s), food
ntake, and physical activity. Some insulin regimens re-
uire more testing to establish the best integrated ther-
py (ie, food, insulin, and activity). Once established,
ome insulin regimens will require less frequent SMBG.
ntervention studies that include self-management train-
ng and adjustment of insulin doses based on SMBG
eport improved glycemic control.
For individuals receiving nutrition therapy alone or

utrition therapy in combination with glucose-lowering
edications, SMBG can be recommended. Frequency and

iming is dependent on diabetes management goals and
herapies (ie, MNT, diabetes medications, and physical
ctivity). When SMBG is incorporated into diabetes edu-
ation programs and the information from SMBG is used
o make changes in diabetes management, SMBG is as-
ociated with improved glycemic control.
Persons experiencing unexplained elevations in HbA1c

r unexplained hypoglycemia and hyperglycemia may
enefit from use of continuous glucose monitoring or more
requent SMBG. It is essential that persons with diabetes
receive education as to how to use a continuous glucose
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onitoring device and how to interpret and apply the
esults. Studies have proven the accuracy of continuous
lucose monitoring and most show that using the trend/
ata pattern data from continuous glucose monitoring
an result in less glucose variability and improved glu-
ose control.

imitations of Current Research and Additional Research
eeded for Glucose Monitoring
esearch on use of SMBG by persons with type 2 diabetes

ontinues to be studied and debated. Additional research
s needed to determine how best to assist individuals to
se the information to improve glycemic control. Re-
earch in the use of continuous glucose monitoring will
ontinue. Research on how foods and nutrients affect
lood glucose responses and how to make adjustments in
arbohydrate and insulin for exercise will be especially
elpful. Continuous glucose monitoring is also the next
tep in the development of closed loop insulin therapy.

FFECTIVENESS OF MNT FOR TYPE 1 AND TYPE 2 DIABETES
N ADULTS

rticles on the effectiveness of diabetes MNT interven-
ions have been published in a supplement to the Journal
f the American Dietetic Association (246). Twenty-one
andomized controlled trials and observational studies
re included in the review and summarize the evidence,
oth for MNT and for MNT in combination with diabetes
elf-management training. HbA1c is the clinical outcome
eported because it is consistently reported across all
tudies. Some studies also reported improved lipid pro-
les, blood pressure, and weight management, adjust-
ents in medications, and reduction in the risk for onset

nd progression of comorbidities.
The studies document decreases in HbA1c ranging

rom 0.5% to 2.6% (average of �1% to 2%), similar to the
ffects of many glucose-lowering medications. Multiple
ndividual or group sessions were employed initially and
n a continued basis. Although MNT is effective at any
ime in the disease process, it appears to have its greatest
ffect in lowering HbA1c at initial diagnosis. Outcomes of
he MNT interventions are evident by 6 weeks to 3
onths and evaluation should be done at these times. At
months, if no clinical improvement in glycemic control

s evident, an RD needs to recommend combining MNT
ith medication therapy or an adjustment in medication

herapy. Type 2 diabetes is a progressive disease, and as
-cell function decreases, blood glucose lowering medica-
ion(s), including insulin, need to be combined with MNT
o achieve glucose goals.

Attempts are often made to identify one approach to
iabetes MNT; however, a single approach does not
xist, just as there is no one medication or insulin
egimen that applies to all persons with diabetes. A
ariety of interventions, such as reduced energy/fat
ntake, carbohydrate counting, simplified meal plans,
ealthy food choices, low-fat vegan diet, individualized
eal-planning strategies, exchange lists, insulin-to-

arbohydrate ratios, physical activity, and behavioral
trategies were implemented in the reviewed studies.

urthermore, nutrition education and counseling must

882 December 2010 Volume 110 Number 12
e sensitive to the personal needs and cultural prefer-
nces of the individual and their willingness and ability
o make changes. This increases the complexity of de-
eloping an individualized nutrition intervention and
he subsequent counseling needed for implementation.
esearch, however, documents the benefits of RDs ad-
ressing these challenges and improving outcomes in
eople with diabetes.
Based on the evidence, the ADA EBNPG recommends

hat individuals with diabetes be referred for MNT early
fter the diagnosis of diabetes. A series of MNT encoun-
ers that involve the Nutrition Care Process of nutrition
ssessment, nutrition diagnosis, nutrition interventions,
nd nutrition monitoring and evaluation are recom-
ended. Ongoing MNT follow-up encounters are also im-

ortant to support lifestyle changes, evaluate nutrition-
elated outcomes, and assess medication needs. Changes
n MNT and/or medications are often necessary through-
ut an individual’s life.

NTEGRATING RECOMMENDATIONS INTO THE NUTRITION CARE
ROCESS
he EBNPG recommendations are integrated throughout
he Nutrition Care Process. The following summarizes
ow the recommendations are applied throughout the
utrition Care Process.
Implementation of MNT:

An initial series of three to four encounters with an RD
lasting from 45 to 90 minutes is recommended;
this series, beginning at diagnosis of diabetes or at first
referral to an RD for MNT for diabetes, should be
completed within 3 to 6 months;
an RD should determine whether additional MNT en-
counters are needed; and
at least one follow-up encounter is recommended annu-
ally to reinforce lifestyle changes and to evaluate and
monitor outcomes that indicate the need for changes
in MNT or medication(s); an RD should determine
whether additional MNT encounters are needed.

Nutrition assessment:

An RD should assess food intake (focusing on carbohy-
drate), medication, metabolic control (eg, glycemia, lip-
ids, and blood pressure), anthropometric measure-
ments, and physical activity to serve as the basis for
implementation of the nutrition prescription, goals and
intervention;
an RD should assess glycemic control and focus MNT to
achieve and maintain blood glucose levels in the target
range; and
an RD should assess the relative importance of weight
management for persons who are overweight or obese.

Nutrition interventions:

An RD should implement MNT selecting from a variety
of nutrition interventions that will assist patients/cli-
ents to achieve nutrition therapy goals;
an RD should encourage consumption of macronutri-
ents based on the Dietary Reference Intakes for healthy

adults; and
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an RD should implement nutrition education and coun-
seling with an emphasis on the recommendations from
the major and contributing factors to nutrition therapy
reviewed above.

Nutrition monitoring and evaluation:

An RD should coordinate care with an interdisciplinary
team;
an RD should monitor and evaluate food intake, medi-
cation, metabolic control (eg, glycemia, lipids, and blood
pressure), anthropometric measurements, and physical
activity; and
an RD should primarily use blood glucose monitoring
results in evaluating the achievement of goals and ef-
fectiveness of MNT. Glucose monitoring results can be
used to determine whether adjustments in foods and
meals will be sufficient to achieve blood glucose goals or
if medication additions or adjustments need to be com-
bined with MNT.

ONCLUSIONS
he ADA has published EBNPGs for type 1 and type 2
iabetes in adults in the EAL. This review outlines the
rocess for developing the guidelines, identified major
nd contributing factors for diabetes nutrition therapy,
eviewed and summarized research, and stated the nu-
rition practice recommendations that are to be inte-
rated into the Nutrition Care Process. The EBNPGs
rovide recommendations for assessing client/patient
eeds and for selecting interventions, monitoring, and
valuating outcomes. The evidence is strong that MNT
rovided by RDs is an effective and essential therapy in
he management of diabetes. RDs are uniquely skilled in
his process.
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