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Abstract

Background: Type 2 diabetes (T2D) statistics have reached menacing proportions in India. Appropriate dietary
intervention, as part of healthy lifestyle, is imperative to curb further spread of this disease.
Objectives: This pre–post intervention study was conducted in New Delhi, India, to investigate the effects
of daily consumption of almonds for 24 weeks in T2D subjects, specifically on measures of glycemia and
cardiovascular disease (CVD) risk factors.
Methods and Study Design: In this study, the 24-week intervention period was preceded by a control diet and
exercise run-in period of 3 weeks. Raw almonds (20% of energy intake) were provided to the patients for
consumption along with diet and physical activity counseling. Patients were assessed for anthropometry, blood
pressure, measures of glycemia (fasting blood glucose, glycosylated hemoglobin), lipids [total cholesterol (TC),
triglycerides, high-density lipoprotein-cholesterol, low-density lipoprotein-cholesterol, lipoprotein(a)], surro-
gate marker of atherosclerosis (Pulse wave velocity), and marker of inflammation (high sensitivity C-reactive
protein [hs-CRP]) at baseline and after the intervention period.
Results: Statistically significant improvement in mean values for various parameters post intervention was as
follows: waist circumference (P < 0.03), waist-to-height ratio (P < 0.005), TC (P < 0.002), serum triglycerides
(P < 0.004), low-density lipoprotein cholesterol (P < 0.01), glycosylated hemoglobin (P < 0.04), and hs-CRP
(P < 0.01). A trend toward improvement in pulse wave velocity (P < 0.06) was also observed.
Conclusion: The study findings illustrate that incorporation of almonds in a well-balanced healthy diet leads to
multiple beneficial effects on glycemic and CVDs risk factors in Asian Indian patients with T2D.
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Introduction

Despite early knowledge of the symptoms of diabetes,
as evident from their reference in medical texts originating

in India as far back as 2000–2500 BC,1 the spread of this
menacing disease has reached epic proportions today. Ironically,
India is now considered the diabetes capital of the world.2

The International Diabetes Federation (IDF) 2015 estimate
of 69.2 million people with type 2 diabetes (T2D) in India is
predicted to double before the year 2040.3 Although IDF has
reported the current prevalence of T2D in Indian adults at
about 8.5%,3 recent research in India provides far more dis-
turbing statistics. A study carried out across 11 Indian states
to ascertain the prevalence of T2D in middle-class urban
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Indians found an age-adjusted known or diagnosed preva-
lence of 16%,4 with more than 25% of diabetics undiagnosed.

A 10-year follow-up to the Chennai Urban Rural Epide-
miology Study (CURES) found 26% of subjects with normal
glucose tolerance converting to prediabetes, and another
20% converting to diabetes, with an overall dysglycemia
conversion rate of 45% and no sex-wise differences ob-
served.5 The incidence rate of diabetes in the same study
was 79 per 1000 person-years, one of the highest reported in
a large ethnic group and twice the rate for Caucasians (35–
40 per 1000 person years).5 Not only is the disease
spreading at an alarming rate, but it also seems to be cutting
across all social, demographic, and age groups in India.

Initially recognized as a disease of affluent migrants,6

T2D seems to be extending its strong foothold across all
Indian population types. A recent cross-sectional analysis of
representative samples of subjects from a South-Asia study
and another for South Asians living in America showed a
higher age-adjusted diabetes prevalence among Indians in
India (38%) than among Indians residing in the United
States (24%).7 Another recent study in Maharashtra, India,
to assess the risk factors for T2D among three different
social and demographic class groups—affluent medical
students, rural subjects, and subjects from urban slums—
demonstrated that the rural subjects, although the least
sedentary and significantly more active than the medical
students, were most centrally obese and at a higher risk for
T2D compared with the two other groups.8

Symptoms of the disease are not just widespread but are also
occurring at a younger age. A cross-sectional study of Indian
adolescents in rural Wardha (central India) found 14% of
subjects with impaired fasting blood glucose (FBG) values.9

In addition, the burden of dysglycemia is known to translate
into additional disease burdens, such as hypertension,10 car-
diovascular disease (CVD),11 metabolic syndrome,9 nonal-
coholic fatty liver disease,12 diabetic nephropathy,13 diabetic
retinopathy, liquefaction and syneresis of the vitreous14 pe-
ripheral neuropathy leading to foot ulceration and even am-
putation,15 potential increased predisposition to hepatitis C
infection,16 and co-morbid depression.17,18 The cost of deal-
ing with diabetes and its complications translates into a co-
lossal economic burden for the country and its people.19

Several factors are known to play a role in dictating the
onset of prediabetes and the progression to T2D among
Indians. However, the primary factor postulated for higher
and earlier incidence in Indians versus other ethnicities has
come to be known as the ‘‘South Asian’’ or the ‘‘Asian
Indian’’ phenotype, which is characterized by higher waist
circumference, higher levels of total and visceral fat, hy-
perinsulinemia, insulin resistance, and, thus, a great pre-
disposition to diabetes compared with some other ethnicities
with comparable body mass index (BMI).5 With a genetic
predisposition to insulin resistance and T2D, it is imperative
that Indians adopt lifestyle modifications to help delay
prediabetes onset and to manage the disease better. Nutrition
is an important aspect of a healthy lifestyle. A recent review
of the nutrient intake of Asian Indian and South Asian diets
reveals a low intake of monounsaturated fatty acid (MUFA),
polyunsaturated fatty acid (PUFA), and fiber and high intake
of saturated fats, trans-fatty acids, and carbohydrates.20

The required change in Indian dietary patterns should be
inclusion of nutritious foods that are already part of Indian
culture and can easily be accommodated into the everyday

diet. Almonds fit the requirements of a food item that is not
only culturally trusted and accepted for its nutritional value,21

but has also been clinically proven to impart the health
benefits necessary to help manage dysglycemia and its dis-
ease manifestations, which are known to impact cardiome-
tabolic health.22–25 Results from these and other successful
clinical studies of almond intervention provide sufficient
data and confidence to test the effects of almond con-
sumption on health outcomes in Indian subjects, despite
their unique ‘‘Asian Indian’’ phenotype. This study was
therefore conducted to investigate the effects of daily con-
sumption of almonds for 24 weeks in T2D subjects, spe-
cifically on measure of glycemia and CVD risk factors.

Materials and Methods

Study population

Patients with T2D were recruited through physician re-
ferral at the outpatient department of the Fortis C-DOC
Center of Excellence for Diabetes, Metabolic Diseases and
Endocrinology, Delhi. In accordance with the inclusion
criteria, the study staff recruited patients in the age range of
25–70 years, on stable doses of metformin for a period of 3
months, with glycosylated hemoglobin (HbA1c) levels <9%,
and low-density lipoprotein cholesterol (LDL-c) levels
‡100 mg/dL. The study excluded subjects on insulin ther-
apy, pioglitazone, insulin secretagogues, beta blockers or
steroids, or those suffering from diabetes for more than 10
years. Subjects with high uric acid levels (‡8 mg/dL) and
accelerated hypertension (stage 2 hypertension according to
the Joint National Committee guidelines),26 uncontrolled
hypothyroidism, acute infection, any debilitating disease,
renal failure, or appreciable weight loss (>10%) in the
previous 6 months were also excluded from the study. Pa-
tients were screened for any known food allergies, lipid-
altering medications, or extraneous factors that are known to
affect glycemic or lipid parameters.

Ethics committee statement

An independent review committee, ‘‘Ethics Committee
for Human Research,’’ approved the study protocol with the
statement—The Ethics Committee hereby gives an approval
to conduct the study at Fortis Flt. Lt. Rajan Dhall Hospital,
Vasant Kunj, New Delhi. Written informed consent form,
approved by the ethics committee, was obtained from all the
study participants.

The study was registered at clinicaltrials.gov with regis-
tration number NCT02027740.

Study design

A free-living pre–post intervention study design was used
to assess the effect of almond supplementation over a period
of 24 weeks after a run-in control period of 3 weeks. The
study was designed as a pre–post intervention to ensure that
all subjects received almond treatment. During the run-in
period (n = 63), all subjects consumed standard diets for-
mulated according to the dietary guidelines for Asian Indi-
ans, appropriate to the diabetes status of the individual. The
diet composition of the control diet was as follows: carbo-
hydrates, 60%; protein, 15%; and fat, 25%. Subjects were
advised 45 min of walking at least 5 days in a week and
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were asked to maintain the same level of physical activity
throughout the study period. The subjects enrolled for the
study were patients with T2D, already attending the outpa-
tient department frequently for treatment. These patients
were previously given standardized diet and exercise
counseling repeatedly and were following such advice be-
fore recruitment in the study.

Diet and compliance

After the run-in period, during the treatment phase, sub-
jects received the almond diet and were advised on how to
substitute 20% of total energy intake with whole raw al-
monds (unblanched kernels, with brown skin intact). In the
almond diet, almonds were substituted for some visible fat
(cooking oil and butter) and a portion of carbohydrates. The
dietary composition of the almond diet was as follows:
carbohydrates, 55%; protein, 17%; and fat, 28%. Instruc-
tions were provided verbally and in writing according to the
subject’s local language.

Compliance to the study protocol was ensured through
compliance questionnaires, biweekly telephone calls with
subjects, and cross-checks with spouses or family members
residing with the subjects. In addition, subjects were asked
to return empty almond packets on their hospital visits.
Spouses and family members were also given a supply of
almonds for daily consumption to help ensure subject
compliance. Subject compliance to the protocol was found
to be nearly 85%.

Assessments

Each subject’s right arm was used for blood pressure
measurement. According to standard protocol, the subject
was required to be in a relaxed sitting position.26 Assess-
ments for anthropometric, glycemia [FBG and glycosylated
hemoglobin (HbA1c)], and lipid parameters [total choles-
terol (TC), serum triglycerides (TG), LDL-C, high-density
lipoprotein cholesterol (HDL-C), and very low-density li-
poprotein cholesterol (VLDL-C)] were carried out as de-
scribed previously.27 BMI and waist-to-height ratio (WHtR)
were calculated. HbA1c, lipoprotein(a) [Lp(a)], and high
sensitivity C-reactive protein (hs-CRP) levels were mea-
sured as described previously.28–30 Arterial stiffness indices
were assessed noninvasively by measuring carotid–femoral
pulse wave velocity with a SphygmoCor cuff (Atcor Med-
ica, Australia). Assessments listed above were conducted on
the first day of enrollment, the last day of the run-in period,
and the last day of the almond intervention period.

Statistical methodology

Data were recorded on predesigned case report forms and
managed on Excel spreadsheets. Quantitative variables were
summarized as mean – standard deviation or median (range)
as per their distribution (normal/non-normal). A paired t-test
was used to compare pre- to post intervention differences in
mean values. The Wilcoxon signed-rank test was used to
compare pre intervention (after the run-in period) to post-
intervention differences in median values. STATA 11.0
statistical software was used for data analyses.

All the parameters were compared at the beginning and
at the end of run-in period. There was no significant difference
between before and after the run-in period in all the consid-
ered biochemical and anthropometric parameters (Table 1).

Results

Study population

Study staff screened 190 subjects and enrolled 63 of these
subjects on the basis of inclusion/exclusion criteria men-
tioned above (Fig. 1). Five of the enrolled subjects dropped
out of the study during the run-in period: three due to re-
location and two due to personal reasons not related to the
study. A total of 58 subjects completed the run-in period.
Another three subjects withdrew before the treatment phase
for personal reasons. A total of 55 subjects began the al-
mond intervention, and a total of 50 subjects completed the
study (Fig. 1), with two out of five dropouts lost to follow-
up and the remaining three lost to poor compliance. Of the
50 completers, there were 27 males and 23 females, with an
overall mean age of 45.8 – 9.3 year and a mean body weight
of 73.6 – 12.1 kg, waist circumference of 99.4 – 9.2 cm, and
BMI of 28.7 – 4.5 kg/m2 (Table 2).

Anthropometry and blood pressure

There was no significant change in body weight and BMI, but
significant decreases in mean values of waist circumference
(P = 0.03) and WHtR (P = 0.05) were observed after almond
intervention compared with the control diet given in the run-in
period (Table 2). Blood pressure measurements did not change
significantly post intervention compared with the control diet.

Measures of glycemia

FBG levels did not show a significant change over the
course of the study (Table 2). Statistically significant im-
provement was seen in levels of HbA1c (P = 0.04) after al-
mond intervention compared with the control diet (Table 2).

Table 1. Changes in Outcome Variables After Run-In Period

Variable
Screening After 3 weeks

Difference (95% CI) P-valueMean – SD Mean – SD

Total cholesterol (mg/dL) 201.4 – 31.4 202.3 – 31.4 0.9 (-6.8, 8.6) 0.802
Serum triglycerides (mg/dL) 182.5 – 87.5 195.3 – 112.1 12.8 (-9.1, 34.8) 0.212
Low-density lipoprotein (mg/dL) 133.9 – 19.7 131.1 – 21.4 -2.8 (-8.3, 2.6) 0.330
High-density lipoprotein (mg/dL) 41.7 – 9.3 42.1 – 8.9 0.4 (-1.1, 1.9) 0.635
Very low-density lipoprotein (mg/dL) 38.9 – 22.2 36.7 – 18.2 2.3 (-2.3, 6.9) 0.342
Fasting blood glucose (mg/dL) 133.9 – 31.3 131.9 – 29.2 -1.9 (-7.8, 3.8) 0.511
Glycosylated hemoglobin (%) 7.9 – 1.7 7.7 – 1.2 -0.2 (-0.5, 0.1) 0.128

SD, standard deviation.
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Lipid parameters

Statistically significant improvements in levels of TC
(P = 0.002), TG (P = 0.004), LDL-C (P = 0.01), VLDL-C
(P = 0.007), and hs-CRP (P = 0.01) were observed post-
intervention (Table 2). HDL-C did not change and Lp(a)
demonstrated a trend toward reduction, although the de-
crease failed to attain statistical significance (Table 2). Pulse
wave velocity also demonstrated an improvement post-
intervention, however, the change was not statistically sig-
nificant (P > 0.06).

Discussion

This study demonstrated that daily almond consumption
at 20% of total energy intake for 24 weeks helped improve
anthropometric, glycemic, and lipid parameters significantly
in Asian Indian subjects with T2D.

An intake of whole almonds adds protein, total dietary
fiber, MUFAs, PUFAs, vitamin E, and potassium31 to the
diet and has been shown by others to improve the quality of
diet without increasing energy intake.23,32 There is evidence
from other almond supplementation studies collectively that
almonds may have a greater impact on multiple cardiome-
tabolic health parameters in the same subjects.25,33 These
multiple health benefits were observed in the current study
as well. Waist circumference and WHtR decreased signifi-
cantly after almond supplementation (Table 2) and may well
explain the benefits on glycemia and lipid parameters
observed in the subjects.

In addition to improved anthropometric measures, this
study demonstrated a statistically significant decrease in
HbA1c levels in subjects after almond supplementation
compared with their levels on the control diet. HbA1C has
been validated for the diabetic Asian Indian population.34

The HbA1c results from this study are comparable, maybe
even better, to those obtained in other nut intervention
studies (Table 3).

High HbA1C has been found to be associated with greater
waist circumference and higher serum triglycerides.35 Sub-
jects in the current study demonstrated a concurrent and
significant decrease in HbA1C, waist circumference, and
serum triglycerides (Table 2), thereby providing strong ev-
idence in support of this association. It has also been clin-
ically proven and scientifically accepted that any reduction
in levels of HbA1C significantly decreases the risk of dia-
betic complications.36 Although the incidence of diabetic
complications was not recorded in this study due to its
limited duration, the benefits of daily almond intake have
been shown by others to reduce risks of complications.33

The benefits of almonds on postprandial glucose regula-
tion have been clearly and consistently demonstrated in
many studies.22,23,41,42 However, results from studies look-
ing at benefits resulting from chronic consumption have
been mixed. Although Li et al.25 demonstrated a statistically
significant reduction in fasting glucose in 58-year-old Tai-
wanese subjects with T2D on a 60 g daily dose of almonds
for 4 weeks, the current study failed to demonstrate a sta-
tistically significant difference on fasting glucose levels.

FIG. 1. {Investigation: anthropom-
etry, blood pressure, fasting blood
glucose (FBG), glycosylated hemo-
globin (HbA1c), total cholesterol
(TC), serum triglycerides (TG), high-
density lipoprotein cholesterol (HDL-
C), low-density lipoprotein choles-
terol (LDL-C), lipoprotein(a) (LP(a)),
high sensitivity C-reactive protein
(hs-CRP), pulse wave velocity, diet,
and physical activity assessments.
{{Investigations: anthropometry, blood
pressure, FBG, lipids (TC, TG, HDL-
C, LDL-C).
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With no difference observed in fasting glucose and in the
absence of fasting insulin measures, it is difficult to postu-
late the potential mechanism of action involved in the other
observed benefits.

Similar results for fasting glucose levels have been ob-
served in several mixed-nuts studies with almond intake.
Despite reporting a significant improvement in HbA1c, in-
sulin resistance, insulin sensitivity, or insulin levels, these
studies have failed to show a change in FBG.38,43,44 These
results suggest that the preferred mechanism of action of
almonds behind long-term glycemic control might be
through a pivotal role in insulin management rather than in
reduction of glucose absorption or increased clearance.

The relationship between fasting blood lipid levels, par-
ticularly levels of LDL-C and TC, and the risk of CHD is
well established in the scientific literature.45–47 Specifically,
for every 1% reduction in LDL-C, there is a corresponding
1%–2% decrease in the risk of CHD.45,48 Results from the
current study demonstrated a statistically significant de-
crease in levels of TC, LDL-C, and VLDL-C after almond
supplementation in study subjects compared with intake of
the control diet. Comparable results have been observed in
multiple studies conducted using similar almond intake.49–54

As observed in other almond consumption studies, HDL-C
did not change significantly after almond consumption when
compared with the control diet.52,55–57 This might also be
indicative of the preferred mechanism of action for al-
monds, working primarily on the cluster of lower density
lipoproteins.

In addition to improved lipid levels, the subjects dem-
onstrated significant improvement in hs-CRP levels. Higher
hs-CRP levels in Asian Indian men have been correlated
with high fasting insulin levels.58 Reduced hs-CRP levels in
this study again point to a potential increase in insulin
sensitivity. Absence of insulin measures in this study does
not confirm this finding, but a substantial decrease in hs-
CRP does provide strong evidence in that direction.

The current study had a few obvious limitations, partic-
ularly the absence of insulin measures, followed by a shorter
duration of the control treatment than the test treatment.
However, the latter had minimal impact, as the results ob-
tained in this study are quite comparable to studies with
equal control and treatment intervention durations. How-
ever, effect of slight difference in macronutrient composi-
tion in control and intervention diets cannot be completely
excluded. It is understandable that slight difference in the
macronutrient composition would occur in any such inves-
tigational diet compared to control diets. Furthermore, the

pre–post design of the study using run-in as control period
reduces data variability, thereby increasing the credibility of
the results obtained. The role of almonds in insulin man-
agement clearly remained elusive and needs further explo-
ration.

In terms of its strength, this is the first study ever dem-
onstrating health benefits of almond consumption in free-
living Asian Indians with T2D, despite their unique Asian
Indian phenotype and their predisposition toward the dis-
ease. This study provides scientific proof of the value of
almond consumption to a population that already believes in
the goodness of almonds.
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