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Applied nutritional investigation
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bstract Objective: This study examined baseline dietary intake, body weight, and physiologic status in
patients enrolled in a dietary intervention for type 2 diabetes mellitus (T2DM).
Methods: Dietary, physiologic, and demographic information were collected at baseline from 40
adult patients with poorly controlled T2DM (glycosylated hemoglobin �7%) who participated in a
clinical trial at an academic medical center in Worcester, Massachusetts, USA.
Results: The average age at enrollment was 53.5 y (SD 8.4), average body mass index was 35.48
kg/m2 (SD 7.0), and glycosylated hemoglobin was 8.3% (SD 1.2). Participants were predominantly
white, married, and employed full time. Forty-eight percent were men. Seventy-eight percent had
hyperlipidemia, and 68% had hypertension. Reported baseline daily average energy intake was 1778
kcal (SD 814), daily carbohydrate was 159 g (SD 71.5), and dietary fiber was 11.4 g (SD 5.2). The
dietary composition was 35% carbohydrate, 45% fat (15% saturated fat), and 20% protein. The
American Diabetes Association (ADA) guidelines recommends 45–65% of energy from carbohy-
drate, 20–35% from fat (�7% saturated), and 20% from protein.
Conclusion: These patients reported a low-carbohydrate, low-fiber, high-fat (especially saturated)
diet, although they stated they are not following any of the popular low-carbohydrate diets. Patients
with T2DM may find the current trend toward reducing weight through low-carbohydrate diets
attractive for control of blood glucose, despite ADA recommendations. This dietary pattern may
represent a popular trend that extends beyond our particular study and, if so, has serious cardio-
vascular implications in this vulnerable population of T2DM patients. © 2006 Elsevier Inc. All
rights reserved.
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The prevalence of all types of diabetes in the United
tates has increased 33%, from 4.9% in 1990 to 6.5% in
998 [1]. It subsequently rose to 6.9% in 1999, a 6%
ncrease in 1 y [2]. In 2005, the prevalence of diabetes in the
nited States was 7% [3], 20.8 million Americans. Approx-
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mately 94% of adults diagnosed with diabetes have type 2
iabetes mellitus (T2DM) [4]. For many, the disease is
oorly managed [5] and fraught with complications. Despite
he best efforts of clinicians, patients, and the American
iabetes Association (ADA), the incidence of T2DM and

ts complications continues to increase. Health care practi-
ioners report a lack of resources to optimally manage the
ietary intake of their T2DM patients [6]. In addition, many
atients with T2DM find the ADA nutritional recommen-
ations difficult to follow [7]. The goal for better blood
lucose control through dietary self-care remains outstand-
ng, as does the risk for disease complications.
Chief among these, cardiovascular disease is the leading
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ause of death in people with diabetes [8]. Control of mod-
fiable cardiovascular risk factors including excess weight,
yperlipidemia, hypertension, and physical inactivity is
herefore essential to T2DM management. Notably, the
ational Health and Nutrition Examination Survey

NHANES) 1999–2002 revealed an 85.2%, prevalence of
verweight or obesity among adults diagnosed with diabetes
nd a 54.8% prevalence of obesity (body mass index [BMI]

30 kg/m2) [9]. Obesity or overweight status in people
ith T2DM is associated with poor control of blood glucose

evels, blood pressure, and cholesterol [10], placing these
eople at even higher risk for cardiovascular and microvas-
ular diseases (e.g., retinopathy, nephropathy, and neurop-
thy) [11]. Therefore, dietary modifications and understand-
ng are central to T2DM management.

Diets that provide low carbohydrate, low fiber, and high
aturated fat contribute to disease complications in patients
ith T2DM and are not recommended [12]. Despite this,

ow-carbohydrate diets for weight loss have become popu-
arized through media exposure and the marketing of sev-
ral books (e.g., The Atkins Diet, The South Beach Diet)
13,14]. The “low-carb” trend is reflected in changes to the
ational food supply, with many products in grocery stores
nd restaurants currently available. Patients with T2DM and
any physicians may find the current trend toward reducing
eight through low-carbohydrate diets attractive for control
f hyperglycemia, because carbohydrate intake has the
reatest influence on blood glucose. However, the use of
ow-carbohydrate diets carries implications for other com-
onents of the diet, especially fat and fiber content, unless
hese dietary factors are also controlled. Further, the specific
revalence of the low-carbohydrate diet trend in patients
ith T2DM has not been documented. Thus, the objectives
f the present study were to examine baseline dietary, phys-
ologic, and demographic information from adult patients
ith poorly controlled T2DM in an academic medical

enter.

aterials and methods

ubjects

The University Hospital of the University of Massachu-
etts Memorial Medical Center primary care health infor-
ation system database found 1203 patients ages 21 to 70 y
ith T2DM with glycosylated hemoglobin (HbA1c) �7%.
atients were recruited from this database for the Diabetic
ducational Eating Plan study, in which subjects were ran-
omized to a low glycemic index (GI) diet or the standard
DA diet (carbohydrate counting). Inclusion criteria for the

tudy included: (1) diagnosis of T2DM documented in a
atient’s medical chart; (2) HbA1c level �7% (an indica-
ion of poor control of T2DM [15]); (3) currently being
reated with diet, oral hypoglycemic agents, and/or insulin;

4) age �21 y; (5) telephone in home or easy access to one; o
6) able to understand and participate in the study protocol;
7) ability to provide informed consent; (8) physician’s
pproval to participate in the study; (9) having a blood
lucose machine or a prescription for one from the physi-
ian; (10) ability to speak and read English; and (11) a
illingness to be randomized to one of the two study arms.
xclusion criteria were: (1) pregnancy or planning to be-
ome pregnant during the study; (2) unable or unwilling to
rovide informed consent; (3) plans to move out of the area
ithin the 12-mo study period; (4) required intermittent
lucocorticoid therapy within the previous 3 mo; (5) docu-
ented acute coronary event (myocardial infarction or un-

table angina) within the previous 6 mo; (6) diagnosis of a
edical condition that precludes adherence to study dietary

ecommendations (e.g., Crohn’s disease, ulcerative colitis,
nd-stage renal disease); (7) diagnosis of serious psychiatric
llnesses (e.g., dementia, bipolar disorder, psychotic disor-
er, or psychiatric hospitalization or suicidality within the
ast 5 y); (8) patient is considered legally blind or has
ignificant visual impairments; and (9) currently adhering to
low carbohydrate diet such as the Atkins’ Diet [13] or the
outh Beach Diet [14]. From an intervention perspective,

his exclusion was because these diets are low in all sources
f carbohydrate, and modification of the type of carbohy-
rate (GI) will have a limited effect on glycemic load (GL)
nd therefore on HbA1c.

Eleven primary care physicians were contacted and eight
hysicians agreed to participate. These eight physicians
dentified from the primary database a total of 154 of their
atients as study candidates. Selected patients were sent a
tudy participation invitation letter signed by their primary
are physician and the principal investigator. In addition,
ine patients learned about the study from flyers or mes-
ages through the intranet service at the medical school, and
ere then cleared by their primary care physicians. Of these
63 patients, 40 were eligible by telephone and HbA1c
creening and were enrolled in the Diabetic Educational
ating Plan study.

The study intervention and data collection procedures
ere approved by the University of Massachusetts Medical
chool institutional review board for use of human subjects

n medical research. All study participants provided in-
ormed consent before being enrolled in the study.

articipant characteristics

Data on demographic variables were collected by a self-
dministered questionnaire at the enrollment visit. Objec-
ively, height, weight, waist circumference, and hip circum-
erence were measured at that time. Relative mass is
xpressed as BMI (weight in kilograms/height squared in
eters).
Blood pressure measurements were taken using a Di-

amap XL automated blood pressure monitor (GE Medical
ystems Information Technologies, Tampa, FL, USA). Use

f oral hypoglycemic agents, insulin, and lipid-lowering and
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ntihypertensive medications was recorded using a baseline
uestionnaire. Depressive symptoms were assessed using
he Center for Epidemiological Studies Depression Scale
16,17]. Diabetes-specific emotional distress was assessed
y the Problem Areas In Diabetes (PAID) measure [18].
ach item is scored 0 to 4 (“not a problem” to “serious
roblem”). The sum of the 20 items is multiplied by 1.25 to
ield a final score from 0 to 100, with higher scores indi-
ating greater emotional distress. The PAID is one of the
ost broadly used tools in diabetes research and has well-

ocumented reliability, validity, and responsiveness [19].

lood sample collection, lipid, and glycosylated
emoglobin assays

At the enrollment visit, a 12-h fasting blood sample was
ollected between 0700 and 1000 h. HbA1c and blood lipids
including total cholesterol, high-density lipoprotein, low-
ensity lipoprotein, and triacylglycerols) were measured in
he University of Massachusetts Medical Memorial Medical
ospital Center laboratory. All assays have met the stan-
ardization criteria of the Centers for Disease Control and
revention/National Heart, Lung, and Blood Institute Lipid
tandardization Program.

aseline assessment of diet and physical activity

The 7-d dietary recall (7DDR), which is similar to a food
requency questionnaire, was used for dietary assessment at
he enrollment visit. The 7DDR is designed to measure
hort-term changes in dietary intake, especially fat, in in-
ervention trials [20]. According to our previous analyses,
he 7DDR-derived nutrients agreed closely with those de-
ived from multiple 24-h recalls, in which a high-level
orrelation coefficient (r � 0.53–0.77) was found across
utrients [20]. Nutrient scores, such as total energy in kilo-
alories and carbohydrate intake, and percentage of energy
rom fat and carbohydrate were computed from the data
ollected from the 7DDR. GI, a measurement of carbohy-
rate quality, was determined from the 7DDR using pub-
ished tables [21,22]; GL (GI of a food times the amount of
arbohydrate eaten divided by 100) was also calculated, as
as been previously reported by our group [23,24]. The
DDR also included a brief validated physical activity as-
essment described elsewhere [25,26]. Briefly, the question-
aire asked, “During the last 28 days, did you participate in
ny physical activity or exercise such as running, calisthen-
cs, golf, gardening or walking for exercise?” Subsequently
he questionnaire asked subjects to describe all types of
xercises they did during the past 4 wk. For their three most
revalent ways to exercise, it then asked participants to state
he total daily exercise duration and its weekly frequency.
or each exercise, weekly total time was calculated by
ultiplying the duration of exercise by its frequency. The

um of the weekly total time of the three exercises is the

verage leisure-time physical activity per week. s
tatistical analyses

Mean � SD were used to describe continuous variables;
requency and percentage were used for categorical vari-
bles. All analyses were performed using STATA 8.0
STATA Corp., College Station, TX, USA).

esults

Participants were predominantly white (85%) and be-
ween the ages of 33 and 76 y (mean � SD, 53.5 � 8.4).
inety-five percent were overweight or obese, and 77.5%
ere obese (Table 1). The group was evenly divided be-

ween men and women and had a wide range of education
evels. The average HbA1c was 8.3% (SD 1.2). From the
aseline questionnaire, a large majority (77.5%) stated that
hey had difficulty with being overweight in the past and
hat they had tried to lose �10 lb in the past year. All
articipants stated that they were engaged in dietary man-
gement of their diabetes, although they specifically stated
hey were not currently following one of the popular low-
arbohydrate diets and therefore met study criteria. Most
articipants were also taking medication for their T2DM. In
ddition to obesity, hyperlipidemia was the most common
ardiovascular risk factor, diagnosed in 77.5% of partici-
ants. All but one participant were taking lipid-lowering
edications. Lipid levels seen at baseline (with the excep-

ion of triacylglycerols) were well controlled with medica-
ion. Moreover, 67.5% of participants had been diagnosed
ith hypertension, and 15% with heart disease. The average
epression score from the Center for Epidemiological Stud-
es Depression Scale (mean � SD, 10.6 � 11.4) indicated
ild depressive symptoms in most participants. The aver-

ge PAID score, the measurement of psychosocial stress
esulting from diabetes, was 26.31 (SD, 19.48), comparable
o scores from a large U.S. sample of individuals with
2DM [27].

Baseline dietary intake is presented in Table 2. Reported
aily average caloric intake was 1778 kcal (SD, 814), daily
arbohydrate intake was 159 g (SD, 71.5) and dietary fiber
ntake was 11.4 g (SD, 5.2). The diet composition was 35%
arbohydrate, 45% fat (15% saturated fat, 17% monounsat-
rated fat, and 9% polyunsaturated fat), and 20% protein.
verage dietary GI (with white bread as the referent � 100)
as 80.70 (SD, 5.42), and GL was 133.62 (SD, 61.82).
verage leisure-time physical activity was 146.85 min/wk

SD, 122.71).
Tables 3 and 4 list the numbers and types of medications

sed in this study group. Of note, the most common oral
edication was metformin, which was often combined with
sulfonylurea. Thiazolidinediones were always used in

ombination with other hypoglycemic agents and never as
onotherapy. Ten people used insulin in addition to oral

ypoglycemic agents. Of those using insulin, four used both

hort-acting and long-acting insulin, and one used an insulin
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ump. One person used the injectable incretin mimetic,
xenatide, in addition to two oral agents and neutral prota-
ine hagedorn (NPH) insulin.

iscussion

Low-carbohydrate and high-fat intakes were observed
t baseline among most participants with poorly con-
rolled T2DM at our primary care clinic, despite the
xclusion of patients following low-carbohydrate dietary
rograms such as the Atkins and South Beach diets. The
ower-carbohydrate intake appeared to reflect the usual di-
tary pattern for these patients and was associated with a
igh saturated fat intake and a low dietary fiber intake. Our
bservations may be representative of many other patients
ith T2DM, and perhaps of a trend in the wake of the

ow-carbohydrate diets. Such a diet likely has cardiovascu-
ar implications for patients with T2DM, obesity, hyperten-
ion, and hyperlipidemia. Although many researchers are
dvocating this low-carbohydrate approach to diabetic man-
gement [28,29], more research is needed to determine the
ffect of this dietary recommendation on other macronutri-
nts such as saturated fat and fiber.

We found saturated fat intake to be more than twice that
f the American Heart Association recommendation
30,31]. We speculate that, when reducing carbohydrate
ntake to control weight and hyperglycemia, participants
ppeared to have replaced the energy they previously got
rom carbohydrate with energy from fat. Further, partici-
ants did not choose to replace carbohydrates with the
onounsaturated or polyunsaturated fats that have been

hown to be cardioprotective. The ADA recommends a diet
ith �7% saturated fat content for people with diabetes

11,32]. It is well understood that saturated fat is one of the
ain factors contributing to elevation of low-density li-

oprotein cholesterol, which can increase risk of cardiovas-

able 1
ontinued

Count (%) Mean � SD

Taking lipid-lowering medications 30 (75%)
Total cholesterol (mg/dl) 171.7 � 37.1
Low-density lipoprotein (mg/dl) 91.0 � 34.6
High-density lipoprotein (mg/dl) 44.1 � 10.3
Triacylglycerols 185.2 � 121.8

lood pressure
Diagnosed with hypertension 27 (67.5%)
Taking antihypertensive

medications
24 (60%)

Systolic blood pressure (mmHg) 131.2 � 12.2
Diastolic blood pressure (mmHg) 78.2 � 7.6

sychosocial factors
CES-DS score 10.6 � 1.4
PAID score 26.31 � 19.48

CES-DS, Center for Epidemiological Studies Depression Scale; PAID,
roblem Areas In Diabetes
able 1
aseline characteristics of participants in the Diabetic Educational
ating Plan study, Worcester, Massachusetts, 2005–2006

Count (%) Mean � SD

emographic information
Age (y) 53.5 � 8.4
Gender

Male 19 (47.5%)
Female 21 (52.5%)

Education
Less than high school 6 (15.0%)
High school diploma 3 (7.5%)
Some college/associate’s degree 10 (25.0%)
Bachelor’s degree 14 (35.0%)
Graduate or professional degree 7 (17.5)

Ethnicity
White 34 (85.0%)
Black 2 (5.0%)
Asian 2 (5.0%)
Other 2 (5.0%)

Marital status
Single 4 (10.0%)
Married or living with partner 28 (70.0%)
Separated/divorced/widowed 8 (20%)

Work status
Full time 22 (55.0%)
Part time 7 (17.5%)
Disabled (unable to work) 2 (5.0%)
Retired 5 (12.2%)
Volunteer 1 (2.5%)
Unemployed 3 (7.5%)

ealth information
Body mass index (kg/m2) 35.8 � 7.0

Normal (�25) 2 (5%)
Overweight (25–30) 7 (17.5%)
Obese (�30) 31 (77.5%)

roblems with overweight 31 (77.5%)
ried to lose �10 lb in previous year 31 (77.5%)
Smoking status

Current smoker 4 (10.0%)
Former smoker; no longer smokes 12 (30.0%)
Never smoked 17 (42.5%)

Diabetes treatment
Diet only 4 (10%)
Diet and medication 36 (90%)
Exercise 12 (30%)

Diabetes medications used
Oral hypoglycemics only 22 (55%)
Insulin only 4 (10%)
Combination of oral hypoglycemic

and insulin
10 (25%)

Diabetes complications
None 13 (32.5%)
Heart disease 6 (15%)
Hypertension 21 (52.5%)
Nephropathy 2 (5.0%)
Eye problems 5 (12.5%)
Neuropathy 3 (7.5%)
Infections 1 (2.5%)
Other 1 (2.5%)

Glycosylated hemoglobin 8.3 � 1.2
Lipids
ular disease and overall inflammation [33].
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Also against current recommendations, dietary fiber and,
n particular, soluble fiber intakes were found lacking
mong study participants. For people without diabetes, total
ietary fiber intake is recommended to be 14 g/1000 kcal
ach day, including soluble and insoluble fibers [34]; the
ecommended intake is higher for individuals with diabetes
11,32]. Dietary fiber intake is inversely associated with
evels of C-reactive protein [35], a marker of inflammation
redicting future coronary heart disease (CHD) [36–40].
oluble fiber is also of benefit in lowering low-density

ipoprotein cholesterol and is mainly found in whole grains
uch as barley and oats and in legumes, fruits, vegetables,
uts, and ground flax seeds. Insoluble fiber promotes normal
owel function, prevents constipation, and can be found in
hole-grain bread, whole-grain breakfast cereals, wheat
ran, seeds, and many vegetables. In addition, whole-grain
arbohydrate foods (containing soluble and insoluble fibers)
re a nutritious part of the diet, with vitamins and minerals
ssential to many physiologic functions.

Contrary to the ongoing popular trends to lower total
arbohydrate for weight loss, it may prove to be more
ffective and better for overall health to distinguish between
ypes of carbohydrate rather than to focus on total quantity.
he association of GI, carbohydrate intake, and BMI was

able 2
ietary intake at baseline for participants in the Diabetic Educational
ating Plan study, Worcester, Massachusetts, 2005–2006

Mean � SD

aily energy intake (kcal) 1778 � 814
aily CHO intake (g) 159 � 71
Energy (kcal) from CHO 36.73 � 8.62
Energy (kcal) from protein 19.67 � 5.08
Energy (kcal) from fat 44.60 � 8.85
ype of fat
%Energy (kcal) from saturated fat 14.45 � 3.43
%Energy (kcal) from monounsaturated fat 17.49 � 3.93
%Energy (kcal) from polyunsaturated fat 9.45 � 3.12

aily total fiber intake (g) 11.43 � 5.18
aily soluble fiber intake (g) 3.92 � 1.81
aily insoluble fiber intake (g) 7.38 � 3.45
ietary glycemic index 80.70 � 5.42
ietary glycemic load 133.62 � 61.82

CHO, carbohydrate

able 3
ral hypoglycemic medication use at baseline for participants in the
iabetic Educational Eating Plan study, Worcester, Massachusetts,
005–2006

Frequency (%)

Metformin 29 (72.5%)
Glyburide 15 (37.5%)
Glipizide 4 (10%)
Pioglitazone 6 (15%)
Rosiglitazone 3 (7.5%)
c
Repaglinide 1 (2.5%)
nvestigated by our group using data from 563 healthy study
articipants in central Massachusetts [23,41]. BMI was
ound to be positively associated with the GI, a measure-
ent of the glycemic response associated with the ingestion

f different types of carbohydrate, but not with daily car-
ohydrate intake, percentage of energy from carbohydrate,
r GL. If patients are attempting to lose weight, a low total
arbohydrate intake goes against this finding. Choosing
hole-grain carbohydrates rather than avoiding carbohy-
rate foods may be a wiser approach.

Dietary composition observed in the present study of
eople with diabetes diverges from the NHANES (U.S.
eneral population) data. In a study of nutrient intake and
ating frequency using data from the NHANES III (1988–
994), carbohydrate intake for U.S. adults was 44.9–51.1%
f daily energy intake in kilocalories, whereas fat accounted
or 32.7–36.7% of energy intake [42].

For historical comparison with the same geographic area
s our present study, we draw from two of our previous
tudies in the mid-1990s [23,41,43], for which dietary data
ere collected using the same diet assessment methodol-
gy. Dietary composition was approximately 45% of energy
rom carbohydrate, 36% from fat, and 19% from protein
not far different from that of the NHANES covering the
ame time period). The study groups consisted of a predom-
nantly overweight and hyperlipidemic population without
iabetes of any type.

Our data agreed with the findings that patients with
2DM tend to have a lower carbohydrate intake than that of

he general population. Eeley et al. [44] in 1996 reported a
onsumption of 43% of energy from carbohydrate in 132
dults with T2DM in the United Kingdom [44]. Ten years
ater, in 2006, our study population with T2DM consumed
6% of energy from carbohydrate, a significant decrease. A
ampling of other observational studies dating back to 1980
ndicates that the general population consumes, on average,
etween 40% and 50% carbohydrate content [45–49]. We
ave listed dietary composition in comparison with other
opulations and studies in Table 5.

There are several possible explanations for the dietary
ifferences between our previous studies in patients without
2DM and the present study. First, the present study was

able 4
nsulin use at baseline for participants in the Diabetic Educational
ating Plan study, Worcester, Massachusetts, 2005–2006

Frequency (%)

ong-acting: glargine 5 (12.5%)
ong-acting: ultra lente 2 (5%)

ntermediate-acting: NPH lente 7 (17.5%)
apid-acting: regular 2 (5%)
apid-acting: aspart 2 (5%)
apid-acting: lispro 3 (7.5%)
remixed insulin: 70/30 1 (2.5%)

NPH, neutral protamine hagedorn.
onducted between 2005 and 2006, when low-carbohydrate
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iets and food options are not unusual [50]. According to
onsumer research in 2005 [51], 40% of U.S. adults re-
orted that they had reduced their carbohydrate intake. Sec-
nd, approximately 80% of the subjects from our present
tudy were obese, recognized they had problems with
eight, and had tried to lose �10 lb in the previous year,
ossibly through an even stricter reduction of total dietary
arbohydrate. Although the participants stated that they
ere not currently following a low-carbohydrate diet, this
ay have been in comparison with previous experience, and

hey may have retained many of the core components of the
urrent popular trend. Third, our participants were also
attling hyperglycemia, and the low-carbohydrate options
hat are readily available from the food supply offer an
pproach to glucose management.

Of the three macronutrients (carbohydrate, protein, and
at), carbohydrate intake has the greatest influence on blood
lucose, although the overall balance of micro- and macro-
utrients has implications for diabetic complications. When
iagnosed with T2DM, patients are generally instructed to
arefully monitor their intake of carbohydrate and to dis-
ribute carbohydrate intake evenly throughout the day. De-
pite ADA recommendations, patients may find simple re-
uction of total carbohydrate easier than monitoring via the
xchange system or distinguishing between types of carbo-
ydrate.

The prevalence of obesity was higher in our sample
77.5%) compared with data from the NHANES 1999–
002 that recorded a 54.8% prevalence of obesity among
dults diagnosed with diabetes [9]. Popular weight-loss reg-
mens also have shifted since the NHANES study. Clearly,

able 5
ummary of dietary composition from selected literature

tudy Years
conducted

Study population

resent study 2005–2006 40 adults with type 2 diabetes
central Massachusetts

a et al. [41] 1994–1998 641 healthy adults in central
Massachusetts

erver et al. [42] 1988–1994 15 978 American adults age �

(national data)
ebert et al. [43] 1991–1995 645 hyperlipidemic adults ages

y in central Massachusetts
eley et al. [44] 1996 132 adults (mean age 55 y) wi

2 diabetes in United Kingdo
atterson et al.
[45]

1995 16 741 women who joined Wo
Health Initiative in 1995

uatromoni et al.
[46]

1984–1999 1828 women from Framingham
Offspring/Spouse Study

illen et al. [47] 1984–1996 166 men from Framingham
Offspring/Spouse Study

u et al. [48] 1986 44,875 men ages 40–75 y with
diagnosed cardiovascular dis

hiu et al. [49] 1980 526 women from Nurses’ Heal
Study

CHO, carbohydrate; NA, not available
he low-carbohydrate diet for weight loss has become pop- t
lar in the United States over the past several years and,
lthough currently waning, has retained many of its central
eatures [13,14].

In our sample, it is alarming to note that carbohydrate
ntake has been replaced with fat, especially saturated fat,
nd has also resulted in a low-fiber diet. It is widely ac-
epted that diets high in saturated fat increase the risk of
HD [52–54], and there is a fairly broad-based consensus
n the role of dietary fat (especially saturated fatty acids) in
yperlipidemia and on the role of hyperlipidemia in CHD.
atients with diabetes are particularly vulnerable to CHD.
here is no doubt that the diabetic diet is a complex one

and time consuming for the busy clinician to devote time to
nstruction), yet the effect of reduction of total carbohydrate
n other dietary factors, such as increased saturated fat and
ecreased dietary fiber, must be moderated by additional
nstruction to balance the diet toward one that is also heart
ealthy.

Limitations of the study include small sample size, which
imits generalizability, and the fact that this analysis was a
ase-series rather than a case-control design. This study is a
ilot trial designed to test the feasibility and efficacy of a
ow-GI diet in comparison with standard ADA recommen-
ations; as such, it is not designed to compare nutrient
ntake between subjects with diabetes and subjects without
iabetes. However, we did compare our data with the na-
ional sample (NHANES), two sample studies from the
ocal population, one from subjects with T2DM in 1996,
nd a sample of other studies. We believe that our analysis
f the study provides an important cautionary tale for cli-
icians and health professionals who treat T2DM. Addi-

CHO intake Fat intake
(%)

Energy intake
(kcal)

159 g (36%) 45% 1778

231.2 g (44.9%) 36.7% 2055

162–376 g (44.9–51.1%) 32.7–36.7% 1446–2940

201 g (43%) 36.2–40.2% 1846–1986

43% 37% NA

180 g (48%) 34% 1493

147–197 g (38.5–45.7%) 36.7–41.7% 1530–1728

214–252 g (42.4–43.7%) 35.2–37.1% 2020–2309

223–249 g 61–77 g/d NA

198.5–202.6 g (45–47%) NA 1698–1794
in

20 y

20–65

th type
m
men’s

out
ease
th
ional limitations are possible inaccuracies in participants’
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eported diet composition on the 7DDR [55] questionnaire.
lthough the 7DDR is fairly accurate in assessing total and

aturated fat intakes, trans-fatty acid intake cannot be ob-
ained. Strengths of the study include detailed information
btained about diet, blood lipids, comorbidities, and medi-
ation use.

onclusion

The current popular trend to lower carbohydrate intake
ay have serious future cardiovascular implications in this

ulnerable population. If this eating pattern is found to be
imilar across the country and the rest of the world, this will
ave a large effect on the future health of patients with
2DM.
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