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Abstract

Nuts, including peanuts, are now recognized as having the potential to improve the blood lipid profile and, in cohort

studies, nut consumption has been associated with a reduced risk of coronary heart disease (CHD). More recently, interest

has grown in the potential value of including nuts in the diets of individuals with diabetes. Data from the Nurses Health

Study indicates that frequent nut consumption is associated with a reduced risk of developing diabetes and cardiovascular

disease. Randomized controlled trials of patients with type 2 diabetes have confirmed the beneficial effects of nuts on

blood lipids also seen in nondiabetic subjects, but the trials have not reported improvement in A1c or other glycated

proteins. Acute feeding studies, however, have demonstrated the ability of nuts, when eaten with carbohydrate (bread), to

depress postprandial glycemia. Furthermore, there was evidence of reduced postprandial oxidative stress associated with

nut consumption. In terms of dietary composition, nuts have a good nutritional profile, are high in monounsaturated fatty

acids (MUFA) and PUFA, and are good sources of vegetable protein. Incorporation of nuts in the diet may therefore

improve the overall nutritional quality of the diet. We conclude that there is justification to consider the inclusion of nuts in

the diets of individuals with diabetes in view of their potential to reduce CHD risk, even though their ability to influence

overall glycemic control remains to be established. J. Nutr. 138: 1752S–1756S, 2008.

Introduction

The prevalence of type 2 diabetes is increasing rapidly in the US
and worldwide. The toll of diabetes on health and the economy is
enormous and will continue to rise. In Western nations, the
incidence of diabetes is likely to increase by ;40–45% (from 51
to 72 million people) from 1995 to 2025 (1). Diabetes is also the
major cause of blindness and renal transplantation and the
presence of diabetes increases the risk of cardiovascular disease
2- to 5-fold, especially for women (2,3). There is even greater
concern now that the increase in diabetes incidence is occurring
on the Indian subcontinent, China, Central and South America,
and Africa, with particularly rapid growth in the Middle East (4).

The burden of ill health related to diabetes is far broader than
that resulting from diabetes complications alone. It extends to
the metabolic syndrome and associated disorders as the common
soil from which type 2 diabetes rises. Thus, hypertension and
stroke, cancers including colon, breast, and prostate, and even
gallstone disease form part of this complex.

The resulting burden of the so-called chronic diseases of
lifestyle has already overextended the health systems of Western
nations and will pose an insurmountable challenge for nations
with limited resources. Because there is no currently available
cure for diabetes, primary prevention through diet and lifestyle
modification is of paramount importance.

In this respect, the news is far from bleak. Diabetes pre-
vention trials in groups of high risk individuals have shown
repeatedly that 45–60% reductions in the incidence of diabetes
can be achieved over a 3- to 6-y period (5) by application of
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modest dietary change, weight loss, and exercise (5–7). Further-
more, an assessment of the Nurses Health Study between 1980
and 1996 suggested that 91% of type 2 diabetes in this cohort
could be prevented by a good diet, BMI , 25 kg/m2, moderate to
vigorous exercise $30 min/d, not smoking, and modest alcohol
intake $5 g/d (8). The only problem with these seemingly simple
choices was that as few as 3.4% of the population in the study
were complying with all components of this lifestyle (8).

There is therefore urgent need to identify and develop
additional diet and lifestyle approaches that will support a
comprehensive diabetes prevention strategy. One part of this
strategy may be an increase in dietary vegetable protein and fat in
the form of nuts. As well as providing vegetable protein and
unsaturated [monounsaturated fatty acids (MUFA)9 and PUFA]
fatty acids, nuts provide other nutrients that may improve lipid
risk factors for heart disease and also glucose and insulin
homeostasis.

Nut consumption and diabetes incidence

Many studies have indicated that nut and peanut consumption
are associated with an apparent protection from coronary heart
disease (CHD). These data, together with evidence that nut
consumption is also associated with reduced LDL cholesterol
concentrations and possibly raised HDL cholesterol levels
(9,10), have reversed the proscription against nut consumption
for those at risk of CHD. Nuts were formerly regarded as high-
fat foods and were therefore contraindicated for those for whom
caloric restriction was required. The current acceptance that
nuts are no longer detrimental and may now be recommended
for individuals at risk of heart disease has prompted a reevalua-
tion of the possible role of nuts in the diabetic diet.

The one study that has addressed this issue directly is the
evaluation of nut and peanut butter consumption and risk of type
2 diabetes is the Nurses Health Study (11). In this study, nut
consumption was inversely associated with risk of type 2 diabetes
after adjustment for age, BMI, family history of diabetes, physical
activity, smoking, and alcohol and total energy intake. Also,
peanut butter consumption was associated with a lower risk of
developing diabetes. The relative risk (RR) of developing diabetes
was reduced 27% in those who ate nuts 5 or more times per week
compared with those who rarely or never ate nuts. The effect
seemed the most marked in those with a normal body weight in
whom the RR was reduced further to 45% in the $5 servings/wk
group. High intake of peanut butter, .5 times/week, also
appeared protective (RR ¼ 0.79) (11). High intake of nuts was
not associated with overweight, and among the nurses diagnosed
with diabetes, nut consumption $5 times per week tended to
reduce the RR of CHD (multivariate RR ¼ 0.53; 95% CI 0.24–
1.41; P-trend ¼ 0.07) (12).

Furthermore, gallstone disease, as an associated metabolic
syndrome disease, also appears to be influenced favorably by nut
consumption in both men and women. Gallstone disease is
associated with all the individual components of the metabolic
syndrome, e.g. low HDL, high triglycerides, high blood pressure,
insulin resistance, and impaired glucose tolerance or type 2
diabetes. Recent data suggest that the prevalence of gallstone
disease is markedly elevated among subjects with the metabolic
syndrome, increased insulin resistance, or fatty liver (even after
taking BMI into account) (13,14). Recently, nut consumption
(peanuts, other nuts, and peanut butter) was studied prospec-
tively in relation to the risk of cholecystectomy, a surrogate of

symptomatic gallstone disease, in the Nurses Health Study and
Health Professionals’ Follow-up and showed that higher con-
sumption of nuts was associated with lower risk of gallstone
disease in both men and women (15,16).

There is, however, one rather important consideration with
respect to nutrient bioavailability and bioaccessibility from
whole nuts vs. ground nuts (e.g. almonds vs. almond butter).
Studies have shown that several dietary components from whole
nuts, including lipids, are poorly absorbed, possibly due to the cell
wall structures in the almond kernel (17). Thus, one would expect
ground nuts to have a higher bioaccessibility of nutrients. The
decreased bioavailability and accessibility of nutrients from nuts
may have biological consequences; however, to our knowledge,
no data exist documenting different health outcomes in head-to-
head comparisons of nutrient absorption from whole nuts vs.
ground nuts. Nevertheless, although some valuable nutrients may
be lost, the excretion of lipid may explain other literature
demonstrating that daily incorporation of nuts does not contrib-
ute to weight gain over time (9,18,19).

Intervention studies in metabolic syndrome

and diabetes

In general, intervention studies with nuts have not demonstrated
considerable benefits in terms of glycemic control. Lovejoy et al.
(20) assessed the effect of diets supplemented with almonds on
measures of insulin sensitivity, glycemic control, and serum lipids.
Two 4-wk studies were conducted with subjects with normogly-
cemia or type 2 diabetes, respectively. In study 1, 100 g/d of
almonds was supplied as a dietary supplement to free-living
individuals and study 2 compared 4 diets in a randomized
crossover design. These diets were: high fat, high almond; low fat,
high almond; high-fat control (olive or canola oil); low-fat
control. Results showed that insulin sensitivity across the almond
treatment did not change in study 1; however, despite a modest
weight increase, serum total cholesterol (21%) and LDL choles-
terol (29%) concentrations decreased (P , 0.05). In study 2, the
high-fat, high-almond diet had the greatest decrease in total
cholesterol (24.46 6 0.14 mmol/L); however, no diet affected
glycemia (20). Of note, glycemia was measured by fasting
glucose, postprandial glucose, and A1c. The lack of a glycemic
effect may have been due in part to the short duration of the study
in which A1c did not seem to change over a 4-wk period (20).

Furthermore, a study by Scott et al. (15) in patients with either
metabolic syndrome or type 2 diabetes demonstrated a similar
effect to that in the study by Lovejoy et al. (20). Subjects were
randomized to a standard AHA diet (15% protein, 30% fat, 15%
MUFA) vs. a higher protein (25%), high-MUFA (22%) diet for
42 wk. To replace other high-MUFA foods, almonds were given
during the last 24 wk to the high-MUFA group (21). Blood lipids
and fasting glucose did not differ between the groups. However,
patients in both groups improved their glycemic control, possibly
related to the weight loss observed with both treatments (21).

More recently, a 6-mo randomized, controlled, parallel study
was undertaken in type 2 diabetes (10). Fifty-eight subjects were
randomized to 3 treatment arms of different dietary advice; a
conventional low-fat control diet, a low but modified-fat diet
higher in eicosapentanoic acid and docosahexanoic acid PUFA,
and a low-fat plus 30 g/d walnut diet high in a-linolenic acid
PUFA. Each diet had ,30% energy from fat. Biomarker data
from this study indicated that the plasma HDL cholesterol:total
cholesterol ratio and HDL cholesterol increased (P ¼ 0.049 and
P ¼ 0.046, respectively) and plasma LDL cholesterol (P ¼
0.032) decreased by 10% in the walnut group compared with
the other 2 groups. Body weight, percent body fat (assessed by

9 Abbreviations used: CHD, coronary heart disease; MUFA, monounsaturated

fatty acid; RR, relative risk.
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bioelectrical impedance analysis), plasma total antioxidant
capacity, and A1c(10) did not differ in this study. The effect on
lipids was attributed to changes achieved in the dietary
PUFA:SFA ratio shown to have been largely due to walnut
consumption in an otherwise low-fat diet (Table 1).

Although these studies did not show a glycemic effect after
subjects consumed both MUFA- and PUFA-rich nuts, even in the
shorter term, benefits were still seen, including lower levels
of serum total cholesterol, LDL cholesterol, and the HDL
cholesterol:total cholesterol ratio, thus reducing the risk factor
status for subsequent heart disease.

Acute effects of nuts on postprandial glycemia

Nuts in general contain very little available carbohydrate and
therefore contribute little to the postprandial glycemic response.
However, by virtue of the content of fat and protein, and
possibly of related phytochemicals (e.g. phytates and phenolics

in the skin), nuts depress the glycemic response to a standard
carbohydrate load in a dose-dependent fashion (22). The effect
of nuts on postprandial events may not be confined to reducing
glycemia and insulinemia but may also influence postprandial
oxidative damage. When almonds were fed with bread, the
destruction (i.e. oxidation) of serum protein thiols, as a maker of
oxidative stress, was less than when bread was taken alone or
when potato and rice were both fed with butter and cheese to
equalize the fat and protein in the almond plus bread meal (Fig.
1). Moreover, the whole-blood glycemic excursions related
negatively to protein thiol losses, suggesting that any dietary
change that reduces postprandial glycemia may have a benefit by
reducing meal-induced oxidative damage (Fig. 2) (23). Longer-
term studies to assess these effects of nuts are required to
determine the extent to which fasting serum concentrations are
altered and whether the changes are likely to have overall
physiological or pathological importance.

TABLE 1 Dietary and plasma lipid variables at baseline and after 6 mo intervention with 30 g/d of walnuts in subjects with type 2
diabetes mellitus1

Control Modified fat Walnut

Variable 0 mo 6 mo 0 mo 6 mo 0 mo 6 mo P-value

Energy intake

kcal/d 2054 6 686 2146 6 432 2091 6 504 1978 6 500 2025 6 665 2007 6 376 NS

kJ/d 8594 6 2870 8979 6 1807 8748 6 2109 8276 6 2092 8473 6 2782 8397 6 1573

Dietary P:S ratio2 0.6 6 0.2 0.6 6 0.3 0.8 6 0.6 1.3 6 0.5 0.7 6 0.4 1.8 6 0.5 0.0013

Body fat, % 31.2 6 8.0 32.4 6 8.2 35.1 6 10.2 35.5 6 10.0 34.5 6 9.1 34.0 6 9.0 NS4

HDL-C,2 mmol/L 1.11 6 0.22 1.25 6 0.27 1.11 6 0.24 1.34 6 0.21 1.10 6 0.24 1.30 6 0.62 0.046

HDL-C:TC2 0.24 6 0.06 0.26 6 0.06 0.25 6 0.07 0.29 6 0.07 0.27 6 0.08 0.33 6 0.10 0.049

LDL-C,2 mmol/L 2.70 6 1.56 2.69 6 1.49 2.58 6 1.30 2.73 6 1.20 2.17 6 1.31 1.95 6 0.75 0.0325

Triglycerides, mmol/L 2.18 6 0.82 2.13 6 0.71 1.76 6 0.82 1.55 6 0.73 1.90 6 0.74 1.70 6 0.68 NS

1 Values are means 6 SD, n ¼ 58. Adapted with permission from (10).
2 HDL-C, HDL cholesterol; TC, total cholesterol; LDL-C, LDL cholesterol.
3 Significant effect due to treatment over time (repeated-measures ANOVA control vs. walnut group).
4 Repeated measures analysis adjusted for sex. NS ¼ P . 0.05.
5 Significant group effect (univariate analysis demonstrated significant reduction in walnut group over time, P ¼ 0.036).

FIGURE 1 Postprandial change over 4 h from baseline in serum

protein thiol concentrations in 15 healthy subjects [7 men and 8

women; age 26.3 6 8.6 y (range, 19–52 y); BMI, 23.4 6 3.4 kg/m2

(range, 17.4–29.5 kg/m2)] after consumption of 60 g almonds plus

white bread compared with the 3 control meals combined (mashed

potatoes plus cheese and butter, parboiled rice plus cheese and

butter, and control white bread) using a statistical CONTRAST

statement. *P ¼ 0.021 for the comparison. The reduction in the

combined control group indicates increased oxidative breakdown in

serum protein thiols.

FIGURE 2 Percent change from baseline in mean postprandial

serum protein thiol concentration vs. incremental peak blood glucose

concentration for the 15 healthy subjects after consumption of 4

meals: white bread control; 60 g almonds plus white bread; mashed

potatoes plus cheese and butter; parboiled rice plus cheese and

butter. A negative mean gradient is shown by the thick black line

(slope ¼ 24.8; n ¼ 15; P ¼ 0.014). The higher the incremental peak

blood glucose concentration, the greater the damage (i.e. reduction) in

protein thiols [previously published in (23)].
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Nuts as part of the diet

In many ways, nuts have the ideal macronutrient profile for
chronic disease risk reduction. They are an excellent source of
MUFA and PUFA, with some nuts also being good sources of (n-3)
fatty acids (Table 2), which may contribute to high-sensitivity
C-reactive protein reduction (24). Many nuts are also a good
source of vegetable protein. A recent assessment of the Nurses
Health Study indicated that higher intakes of vegetable oils and
protein, but not of animal fats and protein, were protective for
CHD (25). Such data support the effect of nuts as cardiopro-
tective and indicate that food-based recommendations, in addi-
tion to macronutrient recommendations, may be most helpful in
producing diets aimed at reducing chronic disease risk. Thus, it
has been shown that including walnuts in an overall dietary plan
for the management of type 2 diabetes mellitus assured that the

targeted fatty acid profile that lead to the desired changes in lipid
biomarkers of disease risk was achieved (10,26,27). Studying the
effect of a food component, such as fat, in the context of whole
foods has the advantage that the results are immediately
interpretable for practice. Furthermore, there may be synergies
in the food matrix that help to maximize the benefits or deliver
additional benefits (28). The latter suggests there is still much to
be uncovered, given that whole foods such as nuts contain a num-
ber of potentially beneficial bioactive components simulta-
neously (Table 2). Incorporating nuts into the overall diet may
provide nutritional benefit on more than one level, especially in a
disease such as diabetes. Studies of biomarkers of a variety of
physiological and pathological mechanisms and events are begin-
ning to explain the relationship between nut consumption and
risk for disease. Research that addresses these new frontiers may
lead to a better appreciation of food in its own right, which in turn
translates into more effective practice in diabetes management.

Evidence suggests that nut consumption, including peanuts,
protects against not only CHD but also against diabetes and the
CHD associated with diabetes, and other metabolic syndrome
diseases, notably gallstone disease. The exact mechanisms are
not known but may relate to beneficial changes in blood lipids
and reduction in oxidative damage and inflammatory bio-
markers (24). Beneficial changes in blood lipids have been seen
both in studies of nondiabetic, hyperlipidemic subjects (9,29,30)
and in type 2 diabetes (10,20,21). But, intervention studies of
nuts and type 2 diabetes have not demonstrated improvement in
glycemic control (10,20,21). However acute, postprandial stud-
ies suggest that meal composition may be important and that nuts
should be combined with the carbohydrate portion of the meal to
reduce postprandial glycemia (22,23). In this respect, nuts have
many potential advantages in allowing recommended macronu-
trient test targets to be met while fitting well into a heart-healthy
diet. More intervention studies are required to demonstrate the
therapeutic potential of nuts to complement data indicating their
preventive potential against CHD and diabetes.

Other articles in this supplement include references (32–37).
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