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Abstract

Type 2 diabetes is a prevailing disease in the world and its burden of ill health is
far broader than that resulting from diabetes complications alone. Cardiovascular
disease is the major complication associated with diabetes. Nuts contain a variety
of compounds that have already demonstrated benefits either in glycemic control
or in the blood lipid profile. Therefore, the present study sought to evaluate the
effect of mixed nuts on glycemic control and blood lipid profile in subjects with type
2 diabetes.
Ninety nine subjects were randomly assigned to one of the three treatments: a full-
dose of mixed nuts, or a whole grain muffin or both mixed nuts and muffins for 12
weeks. Blood analysis, anthropometrical information and diet records were
monitored at weeks 0, 2, 4, 8, 10 and 12.
Results showed that the group treated with a full-dose of the mixed nuts had their
HbA. lowered after 12 weeks of treatment (-0.214% absolute HbA4; units
compared to baseline values; 95% CI, -0.826% to 0.004%; P=0.001). Control
groups did not demonstrate significant improvements in their measures of
glycemic control. Although the blood lipid profile did not significantly improve in all
groups, the total:HDL cholesterol and LDL:HDL cholesterol had only decreased in
the groups that consumed nuts.
In conclusion, the consumption of nuts significantly improved glycemic control in
type 2 diabetic subjects and showed some benefits in terms of cardiovascular risk
factors.

Key words: Nuts, glycemic control, blood lipid profile, type 2 diabetes
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Resumo
A Diabetes é uma doenca com elevada prevaléncia a nivel mundial, em que as
suas consequéncias nao se limitam apenas as complicacdes que dela derivam.
Sendo a doencga cardiovascular uma das maiores preocupagdes associadas a
esta doenca. A composicado nutricional dos frutos gordos abrange uma série de
compostos que individualmente tém demonstrado efeitos benéficos ao nivel do
controlo glicémico e do perfil lipidico sanguineo. O presente estudo pretendeu
avaliar o efeito do consumo de frutos gordos no controlo glicémico e factores de
risco de doenga cardiovascular em diabéticos do tipo 2.
Um total de 99 individuos distribuidos aleatoriamente, consumiram um dos trés
suplementos durante 12 semanas: mistura de frutos gordos, “muffins” ou uma
mistura de ambos. Ao longo deste periodo (semana 0, 2, 4, 8, 10, 12) foram
realizadas analises sanguineas e recolhidos dados antropométricos, assim como
diarios alimentares dos individuos em estudo.
Os resultados deste estudo demonstraram que o consumo de frutos gordos no
grupo teste, melhorou a hemoglobina A (-0.214% unidades absolutas HbA1
relativamente aos valores iniciais; 95% IC, -0.826% to 0.004%; P=0.001),
enquanto que os grupos controlo ndo demonstraram melhorias significativas no
controlo glicémico. Embora as altera¢des do perfil lipidico ndo tenham melhorado
significativamente em nenhum dos grupos, a razéo colesterol total: HDL e LDL:
HDL diminui apenas nos grupos que consumiram os frutos gordos.
Em suma, o consumo de frutos gordos em diabéticos do tipo 2 melhorou o
controlo glicémico, demonstrando, possivelmente, ser benéfico relativamente aos

factores de risco de doenca cardiovascular.



Palavras-chave: Frutos gordos, controlo gliceémico, perfil lipidico sanguineo,

diabetes tipo 2



1. Introduction

The rapid changes in diet and lifestyle that have occurred with industrialization,
urbanization, economic development and market globalization have had a
significant impact on the health and nutritional status of populations ™. Chronic,
non-communicable diseases including obesity, diabetes mellitus (DM),
cardiovascular disease (CVD), hypertension, stroke, and some types of cancer are
becoming increasingly significant causes of disability and premature death in both
developing and developed countries (.

The number of people with diabetes was projected to double from 2000 to 20301,
However, these estimations have been only based on demographic changes
where some risk factors considered, such as obesity or physical activity levels
remained constant ?. Since people who are afflicted with diabetes are at an
increased risk of cardiovascular, peripheral vascular and cerebrovascular disease,
an expected increase in deaths, and increase in the prevalence of other diabetic

health complications are likely to lead to enormous human and economic costs @

3)

1.1. Overview of Diabetes

Diabetes mellitus may be briefly described as a group of metabolic diseases
characterized by hyperglycemia resulting from defects of either insulin secretion,
insulin action, or a combination of both. Diabetes can be classified into different
categories depending on its pathogenic nature.

Type 1 DM, also known as Insulin-dependent diabetes, is characterized by [-cell
destruction usually leading to absolute insulin deficiency. This type of diabetes

accounts for only 5-10% of those with diabetes, and may result from a cellular-



mediated autoimmune reaction against B-cells of the pancreas, or may be
idiopathic.

The most common form of diabetes is type 2, accounting for approximately 90 to
95% of those affected by the disease, and can range from a predominant insulin
resistance with relative insulin deficiency to a predominant insulin secretory defect
with insulin resistance @ 3. Initially and often throughout their lifetime, individuals
with type 2 diabetes do not require insulin treatment to survive and therefore this
form of diabetes is also referred to as non-insulin-dependent diabetes. Gestational
diabetes mellitus occurs when hyperglycemia is first recognized during pregnancy
3 Other types of diabetes may result from genetic defects of pancreatic B-cells,
insulin action, diseases of the exocrine pancreas or endocrinopathies, or from drug
or chemically-induced effects, infections, uncommon forms of immune-mediated

diabetes and other genetic syndromes® .

1.2. Symptoms of Diabetes

Diabetes may present a range of symptoms that may include the following:
polyuria (increased urine output), polydipsia (excessive thirst), weight loss,
polyphagia (excessive hunger) and blurred vision. In poorly controlled diabetes
individuals may experience ketoacidosis or nonketotic hyperosmolar syndrome,
which may ultimately lead to coma and death® *. In type 2 diabetes,
hyperglycemia develops gradually and is not usually detectable in the early stages
because patients do not present with symptoms. Therefore, diabetes may be
undiagnosed for many years until symptoms gradually become apparent in these

patients® ¥,



1.3. Complications of Diabetes

Chronic hyperglycemia in diabetic patients may result in microvascular
complications, such as retinopathy, neuropathy and nephropathy® 4. Long-term
hyperglycemia may also relate to other several disorders and among those,
atherosclerotic  cardiovascular, peripheral arterial and cerebrovascular
diseases”are markedly increased in patients with diabetes * #. The diabetic
condition is itself considered as a coronary heart disease (CHD) equivalent by the
National Cholesterol Education Program Adult Treatment Panel [Il (NCEP ATP

11®,

1.4. Diabetes and Cardiovascular disease
Conventional cardiovascular disease risk factors are amplified ©® in diabetic

patients, increasing the risk of a cardiovascular event by a factor of two to four in

(8-12)

comparison with non-diabetic patients Glycated proteins, (such as

haemoglobin A1c (HbA1c) or serum fructosamine) are markers of hyperglycemia,

and may be a central cause of the increased vascular disease associated with

type 2 DM. These markers may relate to increases in oxidative stress!"*?,

16) 18)

inflammation , alterations in nitric oxide generation(”' and vascular

reactivity'® 29,

In a prospective study of 18 years®"”, women with type 2 diabetes had a worse
prognosis for CHD as an outcome than non diabetic subjects with prior CHD.
Furthermore, the United Kingdom Prospective Diabetes Study (UKPDS)#? found
that an improvement of 0.9 % in HbAs. from intensive treatment by

pharmacological agents (sulphonylureas and insulin) resulted in a reduction of

25% in microvascular complications.



Despite the controversial association between HbA1c and cardiovascular events,
there is evidence from epidemiological studies that similar reductions in HbA+; may

12.22) gelvin

also reduce the risk of cardiovascular disease in people with diabetes (
et al found that some risk factors for CVD (such as waist-to-hip ratio, plasma
triglycerides and Low Density Lipoprotein (LDL - C) and High Density Lipoprotein
cholesterol (HDL-C) levels) remained significantly associated with HbA,; after
multivariate adjustment 3 The same study reported that HbA4; was also strongly
associated with atherosclerosis.  Accordingly, studies conducted in diabetic
subjects demonstrated that the lipid-lowering drug, simvastatin, reduced the risk
and occurrence of major coronary events ¢4 2%,

Blood pressure control was shown to also be an important factor to reduce the risk
of cardiovascular complications in type 2 diabetics as well as in prevention of

retinopathy and nephropathy .

1.5. Managing of Type 2 Diabetes and prevention of CVD

The most recent recommendations from the American Diabetes Association (ADA)
claim that Medical Nutrition therapy is an important factor in preventing and
managing diabetes, and possibly slowing the development of diabetic
complications 7).

Due to the coexistence of many CVD risk factors in individuals with type 2
diabetes, some essential recommendations were published jointly by ADA and
American Hearth Association (AHA) #®. Lifestyle measures to prevent CVD in
people with diabetes include reducing fat and total energy intake and increasing
regular physical activity. These two recommendations can be effective tools to

achieve body weight goals and improve glycemic control ?” 28 Beside these



measures, a reduction of saturated fat and cholesterol intake and an increase in
dietary fiber, is also recommended due to the improvements that have been

s @72 As part of medical

demonstrated in the lipid profile in diabetic participant
nutrition therapy in diabetics for primary prevention of CVD, the total amount of
dietary fat should range from 25-35% and mainly be constituted of
monounsaturated or polyunsaturated fat ®®. A reduction in sodium intake is
recommended for lowering blood pressure, as it has been shown to reduce the
risk of cardiovascular complications in type 2 diabetic subjects 7+ 2%).

Fiber has been shown to decrease insulin resistance and demand®. In addition to

these effects it is also inversely associated with the risk of type 2 diabetes %32,

33,34 Some other

Similar effects were also demonstrated with magnesium intake (
food components have also shown to improve diabetes and its complications. One
of those components is a monounsaturated fat, where a diet rich in this kind of fat
was shown to improve lipoprotein profile as well as insulin sensitivity and glycemic
control in type 2 diabetics ®53®. Jointly, vitamin E has been well documented in its
ability to reduce oxidative stress, improve insulin action and reduce the risk of
coronary heart disease ©% “°. Considering that diabetes is a key factor in
development of CVD, a significant improvement in the lipid profile by soy protein
intake in a meta-analysis may therefore be a highly relevant benefit“"?. Also,

intake of flavonoids was significantly and inversely associated with CHD mortality

in epidemiological studies.

1.6. Composition of Nuts and its possible effects
One aspect of diet related strategies may include nut consumption. Nuts have a

favourable fatty acid profile as they are a rich source of monounsaturated fatty



acids (MUFAs) and polyunsaturated fatty acids (PUFAs) and are low in saturated
fatty acids (SFAs)“?. Several bioactive compounds such as plant protein (high
content of arginine), fiber, antioxidant vitamins (e.g. vitamin E), various minerals
(e. g. magnesium and copper) and other constituents have also been found in
nuts?).

However, interventional studies investigating nut consumption have not
demonstrate considerable benefits in glycemic control (“44), Despite these studies,

49 found that nut and peanut butter

an evaluation by the Nurses’ Health Study
consumption was inversely associated with risk of type 2 diabetes after adjusting
for other several risk factors. Even with the high fat content of nuts, some studies
demonstrated that nuts may be helpful in terms of controlling body weight and
improving insulin resistance. Since obesity and being overweight are major
contributors to developing insulin resistance, diabetes and its complications, nuts
might also be advantageous at this point.

More recently, It has been hypothesized that the magnitude of the glycemic
fluctuations is a more relevant determinant of oxidative damage rather than

ambient glucose levels, reflected in HbA1c levels “©

. Furthermore, acarbose
(which effectively decreases postprandial glycemia) reduced the progression of
diabetes but also improved the risk of CHD ¢/ 49

Nuts in general do not have considerable amounts of available carbohydrate and
therefore contribute little to the postprandial glycemic response. A study conducted
by Josse et al “9demonstrated that almonds reduced glycemic response when fed
with bread in a dose-dependent fashion compared to bread alone. This effect was

possibly attributed to dietary components of almonds such as fat, protein and

phytochemicals (found in almond skin). When an assessment of oxidative stress



was conducted, almonds decreased protein thiol oxidation, suggesting that
almonds protect against meal-induced oxidative damage(5°). Consumption of
almonds may also protect against the atherogenic process since almond
consumption had significantly decreased oxidized LDL-C (considered to be a more
relevant marker of atherogenesis than native LDL-C) in hyperlipidemic subjects ®1.
52)

. Furtheremore, flavonoids and vitamin E in nuts may help to counter the

elevated oxidative stress and inflammation experienced by diabetics.

1.7. Epidemiological and clinical evidence of nuts

In a prospective cohort study®

, women who consumed a higher amount of nuts
and peanut butter had a lower risk of type 2 diabetes. Furthermore, evidence from
epidemiological studies and clinical trials have consistently demonstrated benefits
of nut and peanut consumption on CHD risk and associated risk factors. A
multivariate analysis of the Adventist Health Study, the Nurses’ Health Study, the
Physicians’ Health Study and the lowa Women’s Health Study demonstrated that
in subjects with the highest intake of nuts, the relative risk for total CHD was 0.65
(Confidence Interval (Cl): 0.47-0.89) ©®*%7)_|n the Nurses’ Health Study ©®, peanut
consumption was shown to be independently associated with lower relative risk of
CHD. These favourable effects of nuts observed may be supported by its effects in
blood lipids.

A meta analysis of clinical studies (with different degrees of dietary control and
comparison diets) describes that a regular consumption of tree nuts has
consistently shown beneficial effects on lipid and lipoprotein levels, and above all,

a decrease in LDL - C in healthy subjects ©" .



Beneficial changes in blood lipids by nut consumption have also been seen in type
2 diabetes “* %% 50 however, the same studies have not demonstrated

improvements in glycemic control.

1.8. Hypothesis

A variety of nutrients and bioactive substances found in nuts, have already shown
to be associated with healthy benefits in CHD risk factors and glycemic response.
Therefore, a beneficial effect of nuts in the management of diabetes and

associated cardiovascular disease complication is hypothesized.

2. Objectives
The present study was conducted to determine the effect of mixed nuts (peanuts
and tree nuts) consumption on glycemic control and serum lipid profile in

individuals with type 2 diabetes.



3. Methods
Study design

A 12 week parallel, randomized, controlled trial was conducted (study design and
measurements are shown in Figure 1) to assess the effect of three different

treatments. Randomization was stratified on participants’ sex and HbA1c level.

< 3 months >
|
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Control diet (muffin)
Figure 1: Study design and measurements.

Legend: By — Hb A1c, fasting blood glucose, lipids (cholesterol, triglyceride, HDL-C, LDL-C); B, -
Hb A1c, fasting blood glucose, electrolytes (sodium, potassium, chloride); MN — Medical notes
(weight, waist to hip ratio, blood pressure, smoke and alcohol habits, medications, activity level,
gastrointestinal symptoms, satiety and palatibility ); FR — 7 days food record; PA — Previous
analyses(HbA1c, fasting blood glucose, lipids, electrolytes, liver function, urea, creatinine, food
record)

Participants attended clinic visits at baseline and weeks 2, 4, 8, 10 and 12 at the
Clinical Nutrition and Risk factor Modification Center. Seven-day weighed diet
records were obtained before visits at all study weeks. All subjects included in the
study were instructed to weigh all consumed foods using a self-tarring digital scale
that was provided to participants before starting the study.

After overnight fasts (12 to 14 hours), participants attended study visits where
measurements®” of height, weight, waist and hip circumference, blood pressure

and a fasting blood sample were taken at all center visits. Information on
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medication use, smoking habit, alcohol intake and exercise pattern were recorded
at each visit. Participants were also asked what their overall feeling of satiety was
using a 9-point bipolar semantic scale and assessed palatability of the
supplements on a semantic scale of zero to 10 (0, very distasteful; 5 neutral; and

10 very appetizing).

Subjects

A total of 99 men and post menopausal women with type 2 completed this study.
The subjects age mean was 62+0.9 years old. They were recruited by newspaper
advertisement, physician referral, and the diabetic clinic. Eligible diabetic subjects
were to be diagnosed at least 6 months prior to randomization and taking oral
hypoglycaemic agents other than acarbose in a stable dosage for the previous 3
months. The inclusion range of HbA1c was between 6.5 and 8.0% and the
inclusion range for weight was less than 45 Kg/m? for BMI. Patients with known nut
allergies, clinically significant gastroparesis, treatment with insulin or acarbose,
treatment with steroids, gastro intestinal disease, or presence of major debilitating
disorder such as liver disease (cirrhosis, infectious hepatitis and transaminases
>130 IU/L), renal failure (creatinine >150 mmol/L), elevated serum triglyceride (>6
mmol/L) or cancer were excluded. Subjects were accepted after surgery or
myocardial infarction providing an event-free 6 month period had elapsed prior to
the study.

Subjects were asked to maintain their habitual level of physical activity, dose of

diabetes medications and other medications throughout the study.
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Treatments

One of three different treatments was added as supplements to the
subject’s usual diet. Subjects took either mixed tree nuts (almonds, hazelnuts,
pistachios, macadamia nuts, pecans, walnuts and cashews) with peanuts (test
group), or muffins (control) or both nuts and muffins (half dose nut group). The
amount of supplement intake was based on the subjects’ estimated daily energy
requirement(ez). For individuals requiring less than 1600 Kcal daily, the full dose of
nuts, half dose of nuts and muffins were 50g/day of nuts, 25g/day of nuts plus 1
muffin/day, or 2 muffins/day (approximately 300 Kcal/supplements) respectively.
Subjects with calorie needs between 1600 and 2400 Kcal daily received either:
75g/day of nuts, 37.5g/day of nuts and 1 72 muffin/day or 3 muffins/day
(approximately 450 Kcal/supplements), according to their treatment. Full dose
supplement (needs of 2400 Kcal or greater daily) were: 100g/day of nuts, or
50g/day of nuts plus 2 muffins/day or four muffins/day (approximately 600
Kcal/supplement group). The muffins were prepared conform to an NCEP Step 2
diet, made from whole-wheat flour, safflower and coconut oil, skim milk powder
and egg white. Supplements were provided at biweekly intervals and the subjects
were advised to consume the mixed nuts with a source of starch. The muffins
were stored in a freezer until being consumed.
Subjects were instructed on reducing carbohydrate intake to allow supplements to
be taken without increasing total energy intake. Nuts and peanut butter were
excluded from the background diet of people on muffins treatment during the
study. Also, fish oil supplements were excluded from the background diet of all the

patients.



12

Food records were reviewed by a study dietician in presence of the patient for
consistency and to record supplement intake. Compliance was also assessed by

the returned wrappers, which were counted.

Analyses

The main outcome measures of this study were markers of glycemic control, such
as fasting blood glucose (FBG) and HbA1c. Secondary outcome measures of the
study were the serum lipid profile: total-cholesterol, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides
(study design and measurements are shown in Figure 1).

Blood glucose was measured in the routine hospital analytical laboratory. Diets
were assessed for macronutrients, fatty acids, cholesterol, fiber and glycemic
index using ESHA, a computer program based on USDA data and international

glycemic index tables with glucose as the standard.

Statistical analyses

Results are expressed either as meanstSEM or means with 95% confidence
intervals (CI). Analyses included all subjects who completed the study (n=99)
including those who changed their medication (n=6). The normal distribution of the
variables was tested against the Kolmogorov-Smirnov test. According to normality
of the data distribution, both t-test and Wilcoxon were used to assess the
significance of the difference between the means at the beginning and end of the
study.

Values of means were compared with the ANOVA test to evaluate differences

between the treatments data with a Tukey adjustment for multiple means
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comparisons. For the non normal distribution variables, the difference of the
means between groups was assessed with the Kruskal-Wallis H test. Significant
results were considered when P <0.05.

All statistical analyses were carried out using the Software Package for Social

Sciences for Windows, version 14.0 (SPSS Inc. Chicago, Il, U.S.A.).



14

4. Results

At baseline there were no treatment differences in participants’ characteristics
(Table 1) as well as in the nutritional profile of their diet (Table 2). The greatest
change in MUFAs was an increase seen in the nut (test) group over the week 12
period (from 12.3+0.6% to 19.0+0.3%; P<0.001) by comparison with the half-dose
nut group (from 12.6£0.5% to 15.0+0.5%; P<0.001) and a decrease in MUFAs was
observed in the muffin (control) group (from 13.2+0.5 to 10.8+0.5; P=0.001). The
increase in MUFAs in the nut and half-dose nut groups indicated adherence to the
mixed nut supplement (Table 2). At the end of the treatment period the
carbohydrate and saturated fat, both expressed as percentages, were significantly
different between the test and control group (Table 2).

The change in satiety rating (scale, +4 to -4) was not different among the 3 groups
at the end of the study (nuts, 0.2+0.3, P=0.361; half-dose, -0.1£0.3, P=0.770;
control 0.210.3, P=0.417) and satiety was also similar between treatments (nuts,
1.1+0.2; half-dose, 0.8+0.2; muffins/control, 1.1£0.1; P=0.596).

The nuts’ and muffins’ perception of palatability was not different between groups
at week 12 (P=0.972 and P=0.463, respectively) and did not change in the groups
that ate only 1 type of supplements (nuts, from 8.4+0.2 to 8.3+0.5, P=0.763;

muffins from 6.410.4 to 6.2+06, P=0.763).
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Glycemic control and body weight

At the end of the study, the main outcome, HbA4., decreased by -0.214% absolute
HbA1¢ units (95% CI, -0.826% to 0.004%; P=0.001) in the test group compared
with -0.056% absolute HbA. units (95%ClI, -0.106% to 0.219; P=0.485) and -
0.020% absolute HbA 1 units (95% ClI, -0.207% to 0.247%; P=0.858) in the half-
dose and control treatment, respectively (Table 1). The difference in HbA1; in the
half-dose treatment almost reached significance after 8 weeks (P=0.082) (Figure
2) and in the test group the reduction in HbA:. was significant after 8 weeks
(Figure 2).

Regarding fasting blood glucose, the test group showed a trend to reduce FBG
until week 10 where it approaches significance (P=0.077) (Figure 2). However, in
the group that took both muffins and nuts, glucose levels significantly increased at
the end of the study (11.1 mg/dL, 95% CI 0.3 mg/dL to 21.9 mg/dL; P=0.045).

No difference between treatments was noticed at the end of the study for both the
measures of glycemic control (HbA:., P=0.480; FBG, P=0.718). Moreover, any
significantly difference between the changes in HbA . and FBG (week12-week 0)
were found between treatments.

Differences in body weight changes were not significantly different for any

treatment neither at the end nor through the study (Figure 2).
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Blood Lipids

When compared with baseline values, a non-significant reduction in total
cholesterol and LDL-C was observed at week 12 in the test group (LDL-C, -
8.2+4.4 mg/dL, P=0.071; Total cholesterol, -6.5+4.4 mg/dL, P=0.144) (Table 1).
Otherwise, the group that received muffins shown a significantly increase in total
cholesterol at week 4 and week 12 (12.4+x4.3, P=0.007; 6.8+3.3, P=0.047,
respectively). Both control and test group shown an increase trend in HDL-C, but
none that reached significance (Figure 2). The total cholesterol: HDL-C and LDL-
C: HDL-C ratios declined through the study in the groups that ate nuts (Figure 2).
However, in the control group, both the ratios increase comparing with baseline
value and even the total cholesterol: HDL-C reaches significance at week
4(P=0.012) (Figure 2). Triglycerides increased in all groups at the end of the study
but it just reach significance on the test group at week 4 (P=0.03). No significantly
differences among groups were found for the changes on blood lipids between the

beginning and the end of the study.

Blood pressure
Considering the baseline values, systolic and diastolic blood pressure dropped in
the treatments with nuts and ascended in the test group. These changes were in a

small extend and were not significant at the end of the study (Table 1).
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5. Discussion

The inclusion of a mixture of nuts as a supplement in the diet of type 2 diabetic
subjects was shown to improve glycemic control. Comparing with baseline values,
all groups had reductions in glycated hemoglobin A+ at the end of the study, but
the group that consumed the full dose of nuts had the greatest reduction, that
remained stable over the last three visits.

The same result in HbA1c reduction was not obtained in a study where type 2
diabetes subjects were fed with almonds during a 4 week period “4). However, the
lack of a glycemic effect (HbA1c reduction) may have been due to the short
duration of the study as HbA1c is a long term indicator of the average plasma

glucose concentrations over a 3 months period(63).

Despite the results in the almond study®®

, a prospective cohort of the Nurses’
Health Study(54) found that nut and peanut butter consumption was inversely
associated with the risk of type 2 diabetes, even after adjusting for several other
risk factors. In their study, those who ate nuts at least 5 times per week compared
with those who rarely or never ate nuts had a relative risk of developing diabetes
reduced by 27%.

The significant reduction in HbA1c seen by the end of the present study (from
week 8 to week 12) suggests that adding nuts to a diabetic diet may be an
alternative method to manage and improve glycemic control in type 2 diabetes.

Furthermore a reduction in HbA1c of 1% and 0.67%, respectively, in the UKPDS

(2) and Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified
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Release Controlled Evaluation (ADVANCE) ©¥ studies have shown reductions by
37% and 21%, respectively, in microvascular complications of diabetes.

Although fasting blood glucose had a similar pattern as HbA1c in the test group,
the reduction was not significant and the trend changes at week 12 even went
beyond the baseline values. Nevertheless, blood glucose which reflects the
physiology of glucose in the extracellular space is considered as a measure more
vulnerable to the recent factors that could affect glucose concentrations. This
could partially explain the unexpected increases in glucose but not in HbA1c
levels.

A more recent hypothesis has suggested that glycemic fluctuations determine
oxidative damage rather than constant hyperglycemia % and this effect was
independent of the total amount of carbohydrate tested. The mechanism through
which oscillating glucose levels may be more deleterious than chronic
hyperglycemia is still incompletely undefined, but the effects of the simultaneous
administration of vitamin C demonstrated that the generation of radicals leading to
oxidative stress could be the major factor.

In the same study, vitamin C was shown to normalise endothelial function and
oxidative stress in diabetic subjects after a glucose peak while in healthy subjects,
this effect was demonstrated only during the period of hyperglycemia. A possible
explanation for this finding is that only the simultaneous control of hyperglycemia
together with vitamin C could be effective in normalizing the endothelial function in
diabetes had been already described®®.

A study conducted by Josse et al*® demonstrated that almonds were
advantageous at normalizing glucose fluctuations as they reduced glycemic

response when fed with bread in a dose-dependent fashion. Moreover, when an
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assessment of oxidative stress was conducted, almonds were shown to reduce
meal induced oxidative damage in healthy subjects ®1) Therefore, the deleterious
effect of oscillating glucose levels leading to oxidative stress and endothelial
dysfunction, were improved by almonds®" ¢7:¢8).

Although data is limited in the phenolic content of different nuts and on the
antioxidant activity of the nuts, almonds (especially in their seed coats) were
described as having approximately 30 different antioxidant compounds that may
help to counter the elevated oxidative stress and inflammation experienced by
diabetics®®"". Additionally, nuts are also a good source of magnesium, which is
an essenctal cofactor for multiple enzymes involved in glucose metabolism and is
therefore thought to be a contributor to glucose homeostasis, insulin action, and
development of type 2 diabetes"* ™.

Nuts also contain fat, vegetable protein and fiber that may also contribute to a
reduced postprandial glycemia and consequently, a decrease in reactive oxygen
species production ©®”. The consumption of fiber by itself has been shown to
improve glycemic control, decrease hyperinsulinemia, and lower plasma lipid
concentration in patients with type 2 diabetes @9 Furthermore, data from the
Study to Prevent Non-Insulin-Dependent Diabetes Mellitus (STOP-NIDDM)
showed that acarbose, the a-glucosidase inhibitor (which effectively slowed the
rate of carbohydrate absorption) lowered the risk of CHD in individuals with type 2
diabetes®’ *8).

The high content in unsaturated fatty acids in nuts might be one of most important
factors that contributes to the beneficial associations of frequent nut intake

observed in epidemiologic studies (prevention of CHD, DM, for example), effects
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in short-term feeding trials (i.e. cholesterol lowering effect), and decreases in other
risk factors.

With respect to insulin sensitivity, while a meta-analysis revealed an effect of a
high monounsaturated fat diet in lowering the fasting plasma glucose, a study
carried by Lovejoy et al failed to show any improvement when almonds were

) However, the

consumed by either healthy and diabetic subjects®*
improvement in insulin sensitivity in the meta-analysis may be due to the reduction
in the carbohydrate load instead of the effect of the high intake of MUFAs.

Despite the fact that nuts in the present study did not show a significant
improvement in fasting glucose, current literature suggests that their effect could
be at least beneficial in postprandial glycemia in the subjects eating a meal, for
example.

The potential benefits of nuts may be due to their content in a variety of bioactive
compounds that have been already described to have positive effects on health.
Nevertheless, real benefits of nuts could be attributed to their complex food matrix
composition that might produce a synergistic effect and maximize their strength
than by themselves alone.

Several large prospective cohort studies found an inverse association between nut
consumption and CHD risk, suggesting that frequent nut consumption may have a
protective effect °>°®). Unsaturated fatty acids, which are in high content in nuts,
are associated with improved lipid profiles and a lower potency of intermediate
biomarkers of atherosclerosis and lesser incidence of cardiovascular disease!™.
A beneficial effect of nuts on blood lipid profiles in humans was examined in a
systematic review, which found that a consumption of nuts (in particular, almonds,

walnuts, pecans and peanuts) of 1.5 — 3.5 servings = 5 times per week was
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associated with a significantly lower total cholesterol and LDL cholesterol in
normal and hyperlipidemic subjects(75). Similar results were obtained in type 2
diabetic subjects, however in these studies glycemic control was not improved.
The effect of nuts on glycemic control found in the present study might be taken
into account in relation to the strong association between DM and the
development of CVD,. Moreover, despite the differences which were not
significant, the test group improved total cholesterol, LDL-C, HDL-C and the ratios
total: HDL cholesterol and LDL: HDL cholesterol which is in line with another study
showing that the effect of almonds improved some CHD risk factors®". Although,
the development of CVD involves several mechanisms (such as oxidative stress,
inflammation and vascular reactivity, for example), the nutritional composition of
nuts have a variety of compounds that might be effective against some of the risks
of CHD.

The increased body weight seen in test group, although not significant, did not
match the trend seen in other studies where adding nuts in the diet did not result in
weight gain over time!”® 7). The reason why the nuts may not contribute to weight
gain, even with their recognized energy density, might result from their effect on
satiety and therefore displacing unhealthy foods, or their poor nutrient

s ™ 7 Fyrthermore, the non

bioacessibility due to their cell wall structure
significant reduction seen in the control groups (half-dose nuts and muffins) is not
explained by their difference in satiety ratings when compared to the test group.
Moreover, even with the unfavourable increase in body weight at the end of the

study, the test group was the only group that significantly improved their glycemic

control, reflected in the HbA1c level observed.
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Although the randomized control design of the study was a strength, uncontrolled
bias may still have occurred. Unfortunately, even with the effort by the dietitians,
there was a limited method to reinforce compliance by the subjects. While
palatability did not change in the groups that just ate 1 type of supplement (mixed
nuts or muffins), the routine consumption of the supplements could decrease the
enthusiasm of the patients through 12 week.

Considering the complex metabolic alterations that occur in diabetes, the lack of
significance in the benefits of the cardiovascular risk factors in these patients,
might be due to the length of the study, which was not long enough to sufficiently

improve these measures.
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6. Conclusion

In conclusion, using nuts as a supplement in the diabetic diet has been shown to
be a potential dietary method to improve glycemic control in subjects with type 2
diabetes, by reducing HbA1c levels. However, in order to improve other metabolic
disorders associated with type 2 diabetes, nut consumption itself may be

incorporated in a healthy lifestyle.
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