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B Abstract

Prevention of diabetes is crucial to lowering disease inci-
dence, and thus minimizing the individual, familial, and pub-
lic health burden. The purpose of this review is to gather
current information from meta-analyses on dietary and life-
style practices concerning reduction of risk to develop type 2
diabetes. Low glycemic index dietary patterns reduce both
fasting blood glucose and glycated proteins independent of
carbohydrate consumption. Diets rich in whole-grain, cereal
high fiber products, and non-oil-seed pulses are beneficial.
Whereas, frequent meat consumption has been shown to
increase risk. Regarding non-alcoholic beverages, 4
cups/day of filtered coffee or tea are associated with a re-
duced diabetes risk. In contrast, the consumption of alco-
holic beverages should not exceed 1-3 drinks/day. Intake of

vitamin E, carotenoids, and magnesium can be increased to
counteract diabetes risk. Obesity is the most important fac-
tor accounting for more than half of new diabetes’ cases;
even modest weight loss has a favorable effect in preventing
the appearance of diabetes. Also, physical exercise with or
without diet contributes to a healthier lifestyle, and is impor-
tant for lowering risk. Finally, there is a positive association
between smoking and risk to develop type 2 diabetes. As far
as secondary and tertiary prevention is concerned, for per-
sons already diagnosed with diabetes, there is limited evi-
dence of the effectiveness of diet or lifestyle modification on
glycemic control, but further studies are necessary.

Keywords: type 2 diabetes - diet - lifestyle - nutrition -
physical activity - weight loss - glycemic control - meta-
analysis - diabetes prevention

Introduction

enes and environment can interact to cause
& chronic diseases such as type 2 diabetes. In
L3¥ older age-groups, diabetes has reached epi-
demic numbers, and the epidemic is expected to
continue to grow. This is mainly due to an increas-
ing proportion of aged people in the worldwide
population [1]. Other aggravating factors are obe-
sity in general, and increased ratios of abdominal
fat distribution [2]. It is considered that more than
half (60-90%) of new cases are due to obesity and
weight gain [3]. Certainly, unhealthy diet and life-
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style can impose an additional burden on good gly-
cemic control in diabetes patients.

Efforts to prevent diabetes are necessary, as
they could make a significant contribution to low-
ering the rate of new diabetic cases. Apart from
the benefits to the individual, they would reduce
the, familial, and public health burden caused by
the disease. Dietary habits are the personal deci-
sions individuals make when choosing their nutri-
tion. Nutrition therapy is generally recommended
for primary, secondary, and tertiary prevention.
Primary prevention means intervention before the
development of diabetes, secondary prevention re-
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fers to the time after diagnosis of diabetes, and
tertiary prevention can take place when signifi-
cant numbers of beta-cells remain after diagnosis.
Primary prevention is particularly important in
type 2 diabetes, because the time of diagnosis and
the severity of the disease course can be influ-
enced beneficially by changing daily lifestyle and
dietary practices. However, despite this aware-
ness, there is still no universal dietary approach
for diabetes prevention and management.

A multitude of reviews and meta-analyses have
been published during the last few years. They
summarize present knowledge and quantify dif-
ferences in effectiveness between different dietary
and lifestyle preventive measures. In contrast to
biological factors, which have an impact on physi-
cal health, lifestyle encompasses modifiable social
and behavioral factors [4]. In respect to diabetes,
it is commonly limited to exercise, education, and
smoking cessation. In this review, we gather and
evaluate current information from meta-analyses
on dietary and lifestyle practices proposed for re-
ducing the risk of type 2 diabetes.

Materials and methods

English publication meta-analyses between the
years 2000 and 2009 were selected through a com-
puter-assisted literature search (i.e., Pubmed). We
used combinations of the following key words for
computer searches: “diabetes” and “diet” or “life-
style” and “meta-analysis”. Study selection was
restricted to meta-analyses to capture most of the
available study data, and to standardize and col-
lectively use the results of numerous case-control
and prospective studies. The included studies were
mainly randomized controlled trials to ensure that
the data to be used was of sufficiently high-
quality.

In addition, the reference lists of the retrieved
articles helped us to find further articles, relevant
to the present analysis that were not revealed
through the searching procedure. The followingin-
formation was abstracted according to a fixed pro-
tocol: name of the first author and year of publica-
tion, sample size, mean age, sex of participants,
follow-up duration when available, assay methods
and effect measures, and degree of adjustment for
potential confounders. For keywords “diabetes”
and “diet” and “meta-analysis” 116 papers were
retrieved. The publication dates raged from Janu-
ary 2000 to October 2009. For keywords “diabetes”
and “lifestyle” and “meta-analysis” 67 papers were
retrieved. They had the same publication date
range, January 2000 to October 2009.
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Of those articles initially identified, 40 were
considered relevant to the present study, and
these articles were finally included in the present
review. To qualify them as relevant, only those in
English language, dealing with diabetes type 2 in
adults were included. We excluded articles dealing
with diabetes prevention aided by pharmaceutical
treatments, and those analyzing genetic polymor-
phism. Articles looking at diabetes care exclu-
sively from a public health perspective, and those
dealing with subjects such as obesity in children,
colorectal and breast cancer, or renal disease were
also rejected from the analysis.

The analysis presented here is structured as
follows: the first section analyses food groups and
diabetes prevention. We have pooled articles on
this topic, because it is easier for individuals to
base their decisions on food groups rather than
specific ingredients. Subsequently, we looked at
micro- and macronutrients and risk of diabetes,
and finally we examined dietary patterns in rela-
tion to diabetes. The results are presented in Ta-
bles 1 and 2.

Food groups and how they influence
diabetes

Evidence is accumulating that whole-grain
products are beneficial to health, and protect
against chronic diseases (mainly cancer and car-
diovascular diseases). In a meta-analysis includ-
ing six cohort studies with 286,125 participants
and 10,944 cases, a two-serving-per-day increment
in whole grain intake was associated with a 21%
reduction in risk for type 2 diabetes (95% CI: 13%
to 28%), after adjusting for potential confounders
and body mass index [5].

Another large meta-analysis confirmed the
above results by showing reduced risk for type 2
diabetes with higher cereal fiber intake (RR for
extreme categories: 0.67, 95% CI: 0.62 to 0.72) [6].
Schulze and colleagues have speculated that both
insoluble and soluble fibers could play a role in
diabetes prevention. In the same paper, the au-
thors found that the intake of fruit (RR: 0.96; 95%
Cl: 0.88 to 1.04) and vegetable fibers (RR: 1.04;
95% CI: 0.94 to 1.15) did not significantly reduce
the risk for type 2 diabetes [6]. Also in accord with
these results, a meta-analysis including 167,128
participants and 4,858 incident cases of type 2
diabetes, with a mean follow-up period of 13 years,
showed that the consumption of fruit and vegeta-
bles provided no protection from type 2 diabetes
[7]. Specifically, the relative risk was 1.01 (95%
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Table 1. Meta-analyses on diet and primary type 2 diabetes prevention

Topic, publication Number of Number of Results
studies in- subjects in-
cluded cluded

Whole grain and cereal fiber

De Munter et al., 2007 [5] 6 286,125 Two servings per day of whole grain, 21% (95%CI: 13% to 28%) diabetes
risk reduction
Schulze et al., 2007 [6] 9 393,385 High fiber intake reduced diabetes risk (RR: 0.67; 95%Cl: 0.62 to 0.72)
Micronutrients
Schulze et al., 2007 [6] 8 240,228 High magnesium intake reduced diabetes risk (RR: 0.77, 95%: 0.72 to
0.84)

Fruit and vegetables

Hamer et al., 2007 [7] 5 167,128 No protective effect of fruit or vegetable consumption against diabetes

Antioxidants

Hamer et al., 2007 [7] 9 139,793 High antioxidant intake lowered diabetes risk. Vitamin E: RR = 0.56,
95%Cl: 0.35 to 0.88. Carotenoids: RR = 0.76, 95%Cl: 0.58-0.99

Meat
Aune et al., 2009 [8] 5 445,323 High vs. low consumption of (total) meat: RR = 1.17 for type 2 diabetes
(95%Cl: 0.92 to 1.48)
Aune et al., 2009 [8] 10 433,070 High vs. low consumption of red meat: RR = 1.21 for type 2 diabetes
(95%Cl: 1.07 to 1.38)
Aune et al., 2009 [8] 9 9,999 High vs. low consumption of processed meat: RR = 1.41 for diabetes
(95%Cl: 1.25 to 1.60)
Beverages
Van Dam et al., 2005 [11] 9 193,473 Drinking > 4 cups of coffee per day (vs. 0-2 cups/day): RR = 0.65-0.72 for
type 2 diabetes
Jing et al., 2009 [12] 9 32,141 Drinking tea: no effect on diabetes risk. Protective effect possible for > 4
cups/day
Howard et al., 2004 [13] 32 315,576 Moderate alcohol intake (1 to 3 drinks/day) vs. no alcohol consumption

lowered risk by 33%-54%. Heavy alcohol intake (> 3 drinks/day) vs. no
alcohol consumption increased risk by 43%

Chinese medicine

Grant et al., 2009 [17] 8 1,391 Chinese herbal medicine lowered diabetes risk (RR: 0.33; 95%Cl: 0.19 to
0.58)

Diet intervention

Yamaoka et al., 2005 [38] 1 173 1-year incidence of diabetes in diet group was reduced by 50% (RR: 0.55;
95%Cl: 0.44 to 0.69)

Gillies et al., 2007 [30] 3 934 Diet reduced diabetes risk in subjects with impaired glucose tolerance
(Hazard Ratio: 0.63; 95%Cl: 0.49 to 0.92)

Trans fatty acids

Odegaard et al., 2006 [23] 1 84,204 Association between consumption of trans fatty acids and risk of clini-
cally confirmed type 2 diabetes (p < 0.0006)

Odegaard et al., 2006 [23] 1 35,988 Inverse association between consumption of trans fatty acids and risk of
self-reported type 2 diabetes (p < 0.03)

Odegaard et al., 2006 [23] 1 42,504 Positive association between consumption of trans fatty acids and risk of
clinically confirmed type 2 diabetes (p < 0.0004) in age- and energy-
adjusted analyses, but not when adjusting for other risk factors

Diet plus exercise

Nield et al., 2008 [40] 1 577 Diet (diet plus exercise) associated with 31% (42%) reduction of diabetes
risk over a 6-year follow-up period in subjects with IGT
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CI: 0.88 to 1.15) for three

Table 2. Meta-analyses on lifestyle intervention and exercise to prevent type 2 dia-

or more servings of fruit, betes
and 0.97 (95%CIl, 0.86 to ublicati Number of _ Number of Result
1.10) for three or more ublication ol suurgjei:s() esus
servings of vegetables [7]. included included
Frequent meat con- (0] t al., 2009 8 4,850 E i d diet reduced diabet
sumption has been shown rozco et al., ’ X ereise and diet redioet ianetes
. ; [32] risk compared to medical advice only
to increase the risk of de- (RR: 0.63; 95%CI: 0.49 to 0.79)
¥?1I.Oplr.19 type_j dlgbettes. Jeon et al., 2007 [33] 10 301,221 Regular moderate physical activity
IS 1s considered true (incl. walking) reduced diabetes risk
for other diseases as well. (RR: 0.69; 95%CI: 0.58 to 0.83)
Inha meta-da_nalysll,]s of 1.2 Yates et al., 2007 [34] 4 3,479 Diet and exercise lowered diabetes
cohort studies, the esti- risk in subjects with prediabetes by
mated summary relative 42%-63%
.”Sk r?f I?Iatbetfs co_mtpal:r- Yates et al., 2007 [34] 3 245 No significant effect of diet and exer-
ing high to low Intake cise on 2-h glucose after a glucose
was 1.17 for total meat tolerance test
0 .
g-gg:{o fCI' 0(:192 tOt 151580}’ Yates et al., 2007 [34] 1 186 After 2 yr, lifestyle intervention low-
£ or red meat (95% ered 2-h glucose on glucose com-
Cl: 1.07 to 1.38) and 1.41 pared to the control group (-0.6+0.3
for processed meat (95% mmol/1 vs. +0.8£0.4 mmol/1)
Cl:1.25 t_O 1.60) [8]. Thomas et al., 2006 14 377 Exercise alone decreased HbAlc
!\Ion-on-seed pulses [35] levels by 0.6% (95%Cl: -0.9 to -0.3)
(chickpeas, ‘beans, peas, Aljasir et al., 2008 [36 5 363 Y ith alternati dici
lentils, etc) are another jasir etal., 2008 [36] 0ga With aernative ecioine te
. d N laxation practices and/or behavioral
Important good protein modification led to improvement in
SO_UFCG. They S_eem to help short-term biochemical markers, but
with glycemic control, no conclusive results were reached
b(_)th ”:] d'ab.etlc and non- Willi et al., 2007 [37] 25 1,200,000  Smoking increased diabetes risk
diabetic subjecf[s [9]. Ina (RR: 1.44; 95%Cl: 1.31 to 1.58)
total of 41 trials, when Y ka et al., 2005 3 1,299 1 incid f diabetes in diet
) amaoka et al., , -year incidence of diabetes in die
PUIgesfalor‘e Wt?lre dexalm [38] and exercise group was reduced by
ined, fasting blood glu- 50% compared to control group
cose (RR: -0.82; 95% ClI: - Gillies et al., 2007 [30 6 4,890 Diet and ise reduced diabet
1.36 to -0.27) and insulin llies et al., 2007 [30] ! oIt and exereise recuced Clabetes
risk in subjects with IGT (HR: 0.49;
were both lowered (RR - 95%Cl: 0.32 to 0.74)
0.49; 95% CI. -0.93 to - e - - —
Gillies et al., 2007 [30] 2 551 Exercise reduced diabetes risk in

0.04). Furthermore,
pulses in the context of
low glycemic index diets

subjects with IGT (HR: 0.49; 95%Cl:
0.40 to 0.59)

lowered glycated blood

proteins (RR: -0.28; 95%

Cl: -0.42 to -0.14), while

pulses in high-fiber diets lowered both fasting
blood glucose (RR: -0.32; 95% CI: -0.49 to -0.15)
and glycated blood proteins (RR: -0.27; 95% CI: -
0.45 to -0.09) [9].

Fish consumption has also been analyzed for
its relation to diabetes. However, fish oil supple-
mentation at an amount of 3 to 18 g/day in diabet-
ics was not found to have any statistically signifi-
cant effect on fasting glucose and HbA1c [10].

Some beverages have been evaluated for their
effect on diabetes prevention. Coffee intake
(mainly drip-filtered coffee) was found to have a
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protective effect. In 9 cohort studies comprising
193,473 participants and 8,394 incident cases of
type 2 diabetes, the calculated combined relative
risk was 0.65 (95% CI: 0.54 to 0.78) for the highest
(=6 or =7 cups per day) and 0.72 (95% CI: 0.62 to
0.83) for the second highest (4-6 cups per day)
categories of coffee consumption, when compared
with the lowest consumption category (0 to <2
cups per day) [11]. Probably due to its antioxidant
components, coffee can be a significant contributor
to the total antioxidant capacity of the diet needed
to reverse oxidative stress. Oxidative stress could

Rev Diabet Stud (2010) 7:26-35
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otherwise lead to favorable conditions for type 2
diabetes.

Tea consumption was analyzed in a meta-
analysis study comprising 9 cohort studies, includ-
ing 324,141 participants and 11,440 incident cases
of type 2 diabetes. The combined adjusted relative
risk (RR: 0.96; 95% CI: 0.92 to 1.01) did not show
an association with reduced risk for type 2 diabe-
tes. However, in the same review, stratified analy-
sis suggested that tea consumption of >4 cups per
day may lower the risk of developing type 2 diabe-
tes [12].

It seems that the relationship between alcohol
intake and diabetes’ incidence is U-shaped. A
meta-analysis of 32 studies comprising a time pe-
riod of 37 years (from 1966 to August 2003) sug-
gested that, moderate consumption (one to 3
drinks/day) is associated with a 33% to 56% lower
incidence of diabetes and a 34% to 55% lower inci-
dence of diabetes-related coronary heart disease.
In contrast, heavy consumption (>3 drinks/day)
was associated with a 43% increased diabetes in-
cidence [13]. Even in diabetics, moderate alcohol
consumption did not acutely impair glycemic con-
trol [13].

Nuts are rich in mono- and polyunsaturated
fats, and vegetable proteins and are generally re-
garded as part of a healthy diet. However, there
seems to be no protective effect associated with
the consumption of nuts. Intervention studies on
the relation of nuts to type 2 diabetes have not
shown any improvement in glycemic indices. How-
ever, nuts reduce postprandial oxidative stress
[14]. This effect should be further studied.

Micronutrients, and

diabetes risk

supplements

Chromium is one of the top-selling supple-
ments in the United States. Sometimes it is taken
for preventing or alleviating symptoms of diabetes.
According to a meta-analysis including 15 reports
of randomized controlled trials published in 2002,
chromium supplementation does not affect glucose
or insulin concentration among non-diabetic sub-
jects. Whereas, studies among diabetics are incon-
clusive [15].

Magnesium seems to function at the insulin re-
ceptor level. Hypomagnesemia has been associated
with increased diabetes risk. A recent meta-
analysis revealed a significant inverse association
(RR for extreme categories, 0.77, 95% CI: 0.72 to
0.84). However, there was a heterogeneity among
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studies and not all of them showed the same direc-
tion of the association [6].

A meta-analysis relating antioxidant intake
from vitamins C and E, flavonoids, and carote-
noids to diabetes risk included 9 cohort studies,
comprising 139,793 participants and 8,813 inci-
dent cases of type 2 diabetes. The mean follow-up
was 13 years. The pooled relative risk was 0.87
(95% CI: 0.79 to 0.98, p = 0.02) for the highest
compared with the lowest antioxidant intake. The
protective effect was related to vitamin E intake
with RR of 0.56 (95%CI: 0.35 to 0.88, p = 0.01) and
total carotenoid intake with RR of 0.76 (95% CI:
0.58 t0 0.99, p = 0.04), respectively [7].

In vitro and in vivo studies have shown that
cinnamon is an insulin sensitizer, mainly activat-
ing insulin receptor kinase. According to a meta-
analysis, five prospective randomized controlled
trials (n = 282) did not show beneficial effects of
cinnamon on HbALc or fasting blood glucose [16].

Finally, Chinese herbal medicine has received
increased attention during recent years. Research
was aimed to gain a better understanding of its
health potential. In prediabetics (with impaired
glucose tolerance, IGT, and/or impaired fasting
glucose, IFG), a meta-analysis was performed
comprising 16 trials (n = 1,391) using 15 different
Chinese herbals in combination with lifestyle
modification. It showed that the herbal/lifestyle
combination was more effective in returning fast-
ing plasma glucose to normal levels than lifestyle
changes alone (RR: 2.07; 95% CI: 1.52 to 2.82).
Furthermore, individuals consuming those herbs
had lower progression rates to diabetes (RR 0.33;
95% CI: 0.19 to 0.58) [17]. The analyzed studies
had several shortcomings and biases, thus high-
quality and rigorously evaluated studies are re-
quired before definite conclusions can be made.

The role of macronutrients in diets
and diabetes

The exact proportion of carbohydrate inclusion
in diabetic adults’ diets on a daily basis has been
the subject of intense analysis. It has been hy-
pothesized that a restricted-carbohydrate dietary
pattern is beneficial for type 2 diabetes. A meta-
analysis included 19 randomized studies with 306
patients to investigate the effects of two prescribed
diets, a low-fat, high-carbohydrate (LFHC) diet
(with a 24%/58% composition in fat/carbohydrate)
and a high-fat, low-carbohydrate (HFLC) diet
(with a 40%/40% composition in fat/carbohydrate).
HbAlc and fasting blood glucose values were

Copyright © by Lab & Life Press/SBDR
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found to be similar in the two groups. In contrast,
replacing fat with carbohydrate deteriorated insu-
lin resistance, which in turn increased fasting in-
sulin by 8% (p = 0.02) [18].

In another meta-analysis, 56 studies and re-
views were evaluated, out of which 13 were se-
lected and finally analyzed (representing 263 pa-
tients with type 2 diabetes) [19]. As noted above, it
was similarly found that HbAlc, fasting glucose,
and some lipid fractions (triglycerides) were im-
proved with low carbohydrate diets (defined as
having 45% or less of their total calories from car-
bohydrates) [19]. High carbohydrate high fiber
(HCHF) diets were compared with low carbohy-
drate or low fiber diets in diabetic individuals.
HCHF diets are associated with lower values for
fasting, postprandial and average plasma glucose,
HbAlc, LDL- and HDL-cholesterol, and triglyc-
erides [20]. Thus, a diet with more than 55% car-
bohydrates and 25-50 g/day of dietary fibers (15-25
0/1000 kcal) could be advocated. Furthermore,
protein intake of 12-16%, and fat intake of <30%
(with monounsaturated fat 12-15%) is regarded as
beneficial [20]. Generally, a high percentage of
unavailable carbohydrates (non-digestible) is asso-
ciated with lower blood glucose levels and better
glycated protein control, which is mainly true for
persons with problematic glycemic control [21].

In another class of meta-analyses, embracing
23 randomized controlled trials, 1,075 participants
with type 2 diabetes were examined in relation to
the beneficial effects of polyunsaturated fatty ac-
ids (PUFA). The mean dose of omega-3 PUFA was
3.5 g/d, and the mean treatment duration was 8.9
weeks. It was found that omega-3 supplementa-
tion significantly lowered triglycerides and VLDL
cholesterol, whereas LDL cholesterol showed a
non-significant increase. Glycemic control and
fasting insulin were unaffected [22].

Finally, trans-fatty acids (TFA) are generally
regarded as potentially harmful when nutrition-
ally available in abundance, as in the diets of
western industrialized countries. TFA have been
analyzed for their potential to promote insulin re-
sistance and risk to develop type 2 diabetes [23].
Although there is observational and experimental
evidence from studies that high intake of TFA
may increase the risk for type 2 diabetes, meth-
odological problems and inconsistencies across the
studies do not allow a definitive conclusion [23].

The role of dietary patterns

One meta-analysis retrieved by our keyword
search dealt with dietary patterns, specifically

www.The-RDS.org

based on low glycemic index, and their effect on
glycemic control [24]. The analysis embraced 11
trials with 402 participants, and assessed random-
ized controlled trials of at least four weeks dura-
tion. The aim of the study was to compare a low
glycemic index (GI) (or low glycemic load) diet to a
higher GI diet, for subjects with type 2 diabetes
having no optimal control of glycemia. It turned
out that low GI diet was associated with improved
glycemic control [24].

Another meta-analysis comprising 14 studies
and 356 subjects with type 1 or type 2 diabetes,
examined combined HbA1c and fructosamine data,
adjusted for baseline differences. It showed that
glycated proteins were reduced by 7.4% (95% CI:
8.8% to 6.0%) by low GI diets as compared to high
Gl diets [25]. A third meta-analysis included 45
studies with 972 participants. The participants
were subdivided into groups of normal, predia-
betic, diabetic, and hyperlipidemic subjects, as
well as subjects at risk for cardiovascular disease.
According to this analysis, it seems that low Gl di-
ets reduce both fasting blood glucose and glycated
proteins independently of the consumption of
available, and unavailable, carbohydrates. The
latter are those carbohydrates that are not di-
gested. Given that fat intake changes were mini-
mal, the study showed that low GI diets have a
much stronger influence on glycemic control than
the nutrition based on unavailable carbohydrates,
[21, 26].

Weight loss and blood glucose levels

Obesity seems to worsen metabolic abnormali-
ties resulting in higher risk to develop type 2 dia-
betes. Weight reduction, even to a small extent,
improves glucose biomarkers. A meta-analysis
embracing nine studies with 5,168 participants
and a follow-up range of 1 to 10 years, examined
weight loss effects in prediabetics (IGT and/or
IFG) [27]. Modest weight loss through dietary
and/or physical activity intervention significantly
reduced diabetes incidence in the prediabetic indi-
viduals [28]. Studies of diabetic participants re-
sulted in a similar outcome, namely that weight
changes corresponded to changes in HbAlc [28-
29].

In summary, obesity can increase diabetes risk
very substantially, whereas weight loss can lower
plasma glucose values just as dramatically. Inter-
estingly, as little as 10% weight loss in obese
adults can significantly improve glycemic indices

[3].
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The importance of lifestyle changes
and physical activity in diabetes pre-
vention and management

Lifestyle encompasses modifiable social factors
that have an impact on health, whether they be
negative or positive. Apart from diet and weight
loss, the main lifestyle intervention in the preven-
tion and management of diabetes is to increase
physical activity. Physical activity can contribute
to lower blood glucose levels and improved insulin
resistance. It is suggested that exercise can substi-
tute pharmacological treatment in prediabetics.
According to a meta-analysis of 12 studies com-
prising 6,366 adults, lifestyle interventions re-
duced the incidence of type 2 diabetes by almost
50%, compared to standard medical advice only
(pooled hazard ratio 0.51; 95% CI: 0.44 to 0.60)
[30].

Self-management education of diabetics is an-
other useful tool to improve HbAlc, which is an
important predictor of glycemic control and later
chronic complications of the disease [31]. Studied
diabetic individuals were followed up for 4 or more
months and reached an HbAlc lowering of 0.26%
(95% CI: 0.05 to 0.48) [31].

Randomized controlled trials of six months du-
ration have investigated the effects of combined
exercise and diet for preventing type 2 diabetes. 8
trials were included in a meta-analysis. Subjects
at risk for type 2 diabetes were subdivided, either
into an exercise plus diet arm (2,241 participants),
or a standard recommendation arm (2,509 partici-
pants). It was found that the combined approach
reduced diabetes risk compared to standard rec-
ommendations (RR 0.63, 95% CI: 0.49 to 0.79)
[32].

The intensity of physical activity was investi-
gated in a systematic review published in 2007,
which included 10 prospective cohort studies.
These studies analyzed the relation of moderately
intensive physical activity on type 2 diabetes risk
[33]. The total relative risk of developing type 2
diabetes was 0.69 (95% CI: 0.58 to 0.83) for regu-
lar participation in physical activity of moderate
intensity compared with being sedentary (i.e. a
30% lower risk). For regular walking (>2.5 h/wk of
brisk walking), the relative risk was 0.70 (95% CI:
0.58 to 0.84) compared with almost no walking.
These associations were observed in men and
women, in the U.S. and Europe, and remain sig-
nificant after adjustment for obesity indices [33].

Physical activity as “monotherapy” has rarely
been analyzed for its effectiveness in preventing
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type 2 diabetes in prediabetics (IGT and/or IFG).
This is due to the assumption that the positive ef-
fects of exercise are not independent of other vari-
ables such as weight loss. In a systematic review,
8 controlled trials were re-analyzed to determine
the independent effect of exercise on glucose level
and risk of type 2 diabetes in people with predia-
betes, [34]. In 4 studies, the risk was approxi-
mately halved (range 42%-63%). However, the au-
thors speculated that this reduction could be at-
tributed to weight reduction that accompanied the
regular physical activity. In the remaining 4 stud-
ies, only one reported significant improvement in
2-h plasma glucose [34]. In another meta-study,
various types of aerobics, fitness, and progressive
training exercise were evaluated, without consid-
ering weight loss. The training types, as compared
to ‘no exercise’, seem to improve glycemic control
in subjects with type 2 diabetes [35]. In fourteen
randomized controlled trials involving 377 partici-
pants, ranging from eight weeks to twelve months
duration, the exercise intervention significantly
decreased HbAlc by 0.6% (95%ClI: -0.9 to -0.3).
Also, in one of the trials examined, exercise inter-
vention significantly increased insulin response
(131 AUC, 95%CI, 20 to 242) [35].

Besides conventional physical activity, com-
plementary methods such as yoga practices have
been studied. The hypothesis is that stress man-
agement and relaxation could favor glycemic con-
trol in patients with type 2 diabetes. A systematic
review of randomized controlled trials compared
yoga with other types of intervention. Five trials
with 363 participants were included [36]. How-
ever, the results did not show a clear picture, and
cannot be used to recommend or encourage type 2
diabetes patients to practice yoga.

Lifestyle addiction: detrimental role
of tobacco smoking in type 2 diabetes

Smoking has an effect on glucose tolerance,
possibly by acting on pancreatic beta-cells and in-
sulin secretion [37]. A wide-ranging meta-analysis
undertaken in 2007 re-evaluated the effects of
cigarette smoking on diabetes [37]. The analysis
embraced 25 prospective cohort studies (1.2 mil-
lion subjects) yielding 45,844 reported incident
cases with a diabetes duration of 5-30 years. The
study revealed that a dose-response phenomenon
was noted between cigarette smoking and the de-
velopment of type 2 diabetes, with a pooled ad-
justed relative risk of 1.44 (95% CI: 1.31 to 1.58)
[37]. Thus, it seems that active smoking is associ-
ated with an increased risk of type 2 diabetes.
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This finding is quite similar to the well-known re-
lationships between smoking and cardiovascular
disease, and various types of cancer.

Lifestyle education

Extensive research is currently under way to
test whether lifestyle modifications—through ap-
propriate education, including dietary interven-
tion—can protect adults at high risk of type 2 dia-
betes. In a meta-analysis of eight studies, with a
total duration exceeding 6 months, lifestyle inter-
ventions reduced 2-h plasma glucose by 0.84
mmol/l (95% CI, 0.39 t01.29) compared with a con-
ventional treatment group. The 1-year diabetes
incidence was approximately halved (RR: 0.55;
95% CI: 0.44 to 0.69) compared with the conven-
tional group [38]. Another meta-analysis of pub-
lished diabetes prevention trials aimed to define
the number needed to treat (NNT) diabetics to
prevent or delay one case of diabetes. The NNT for
lifestyle interventions (weight reduction, dietary
therapy, and physical activity) was estimated at
6.4. Whereas, the NNT for oral diabetes drugs
(with follow-up times ranging from 3 to 6 years)
was estimated at 10.8 [30]. This result suggests
fairly conclusively that lifestyle interventions
seem to be more effective in preventing or delay-
ing diabetes than drugs. Other considerations in
favor of lifestyle intervention in diabetes and pre-
diabetes, are low costs and personal freedom from
drug treatments. Boren and colleagues found that
financial constraints are not related to diabetics’
education. They conclude that lifestyle education
is a cost-effective intervention [39].

Conclusions

There is a wealth of data to suggest that nutri-
tion therapy is a powerful tool for primary preven-
tion of type 2 diabetes and to minimize associated
risk. Additionally, many studies have shown that
intensive lifestyle interventions are important in
diabetes prevention. These interventions include
weight reduction, dietary counseling, and physical
activity. The effectiveness of this intervention
strategy has been ascertained by comparing it
with treatment by antidiabetic drugs and placebo.

Nutrition seems to be a critical element in any
prevention strategy. There is ample evidence to
show that a diet with a low glycemic index and
high in fiber, mainly derived from cereals, is bene-
ficial. Concerning food groups, intake of whole
grains, non-oil seed pulses, and fish can be advo-
cated. Data collected for nuts, fruit, and vegeta-
bles, produced uncertain and inconclusive results.
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More research is necessary on this topic, to draw a
clear picture. In contrast, there are clear results to
show that meat intake should be minimized. Bev-
erages have been identified as important diabetes’
risk modifiers. Coffee and tea could be beneficial,
even if higher amounts are consumed than the
identified beneficial threshold level of 3-4 cups a
day. Whereas, alcohol is protective only when con-
sumed in moderate amounts. In excess, it is likely
to increase risk. Finally, evidence has been accu-
mulated that micronutrients and supplements
could be helpful to prevent or combat diabetes.
Chromium, magnesium, vitamin E, carotenoids,
cinnamon, all have shown some promising results.
Various Chinese herbs have also shown encourag-
ing results, but due to study limitations, further
more closely controlled studies are needed to
achieve a better evaluation.

We still lack a comprehensive evaluation of die-
tary modification as the only intervention to pre-
vent type 2 diabetes. Most data assess this ques-
tion through an examination of changes in glyce-
mic control, changes in morbidity, quality of life or
mortality as endpoints [32, 40]. However, some in-
sight has been achieved. Exercise alone is less ef-
fective than a combination of exercise and diet.
Exercise alone compared with diet modification in
persons with prediabetes had no statistically sig-
nificant effects on diabetes incidence, but the com-
bined intervention including exercise and diet
seemed to be very effective. Effective lifestyle in-
terventions should consider setting individual
goals. “Lifestyle coaches” can give patients a bet-
ter understanding of desired interventions
through frequent contact with the participants,
and also to ensure adherence. Educational materi-
als should be readily available, and supervised ac-
tivities should be encouraged. Also, the creation of
a support network is advised, and could facilitate
adherence.

Regular exercise could improve HbAlc values
in diabetic subjects at six and twelve months of
treatment. Lifestyle changes, such as cessation of
smoking and better education of diabetics in man-
aging their disease, could be additional weapons
for better glycemic control and reducing the risk of
developing diabetes. Despite the clear advantages
of dietary and lifestyle interventions, patients en-
counter obstacles in implementing the interven-
tions in their daily life. It seems that among dia-
betics there is limited awareness of the effective-
ness of diet modification [41-43]. In conclusion, al-
though there are some meta-analyses that are ex-
tremely useful in summarizing the present data,
there is need for more randomized trials elucidat-
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ing various aspects in the interaction of diet, life-
style changes, and type 2 diabetes.
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