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Abstract: Obesity is exponentially increasing regardless of its preventable characteristics. The current
measures for preventing obesity have failed to address the severity and prevalence of obesity,
so alternative approaches based on nutritional and diet changes are attracting attention for the
treatment of obesity. Fruit contains large amounts of simple sugars (glucose, fructose, sucrose, etc.),
which are well known to induce obesity. Thus, considering the amount of simple sugars found
in fruit, it is reasonable to expect that their consumption should contribute to obesity rather than
weight reduction. However, epidemiological research has consistently shown that most types of
fruit have anti-obesity effects. Thus, due to their anti-obesity effects as well as their vitamin and
mineral contents, health organizations are suggesting the consumption of fruit for weight reduction
purposes. These contradictory characteristics of fruit with respect to human body weight management
motivated us to study previous research to understand the contribution of different types of fruit to
weight management. In this review article, we analyze and discuss the relationships between fruit
and their anti-obesity effects based on numerous possible underlying mechanisms, and we conclude
that each type of fruit has different effects on body weight.
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1. Introduction

The significant enhancement in food production during the agriculture revolution in the 18th and
early 19th centuries has resolved the problem of famine to an extent, which had constantly threatened
the survival of the human species, but paradoxically, modern humans are living in an era when
easy access to the energy-dense food is a concern because continuous intake of an energy-dense diet
positively influences the body–energy equilibrium and can cause obesity. Throughout the world,
modern societies are faced with the problems of obesity and obesity-related diseases. According to the
World Health Organization (WHO), worldwide obesity has doubled since 1980. At present, >1.9 billion
adults and >42 million children under the age of 5 years are overweight worldwide, indicating its
prevalence in all age groups [1].

Obesity is a multifactorial disease caused by biological, behavioral, and environmental
factors [2–5], but it is mainly attributed to low physical activity and high consumption of
energy-dense food for a prolonged period [6]. Obesity is now one of the main problems in
modern society, and intensive research is currently underway to search for a solution to obesity [7].
Current management of obesity has been done at the individual level as well as at the community
level. The individual preventions for obesity are mostly based on pharmacosurgical interventions
with little success. The outcomes of pharmaceutical drug use for weight management are not
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significant, and the long-term consumption of these anti-obesity agents might have severe side
effects [8]. Surgical manipulations are only useful in the most extreme cases [9]. In addition to
the individual-base, population- or community-level intervention for obesity has been pursued by
modifying behavioral factors like increasing physical activities, reduction in sedentary lifestyle, healthy
diet, and so forth [10–12]. Policies and environmental changes also contribute to weight management.
In this context, increasing fruit and vegetable intake is widely recommended for preventing and/or
treating obesity [13–15].

The beneficial health effects of fruit are well established [16,17]. The consumption of fruit
is known to attenuate obesity and obesity-related diseases such as diabetes and coronary heart
disease [18–22]. Similar to the western population, fruit consumption has a dose-response relationship
with cardiovascular disease in Asia [23,24]. However, in contrast to fruit intake, there is no
significant association between the intake of vegetables and hypertriglyceridemia [23,24]. Furthermore,
several meta-analyses have provided strong evidence that higher consumption of fruit and vegetables is
associated with a lower risk of all-causes mortality, including cardiovascular disease and cancer [25–28].
Thus, low fruit consumption is considered to be the fourth leading contributor to the global disease
burden, and thus one of the major attributable risk factors for diseases such as being overweight
(high body-mass index (BMI)), hyperglycemia, and hypercholesterolemia [29].

Clearly, fruit has beneficial effects on health through its anti-obesity effects. Many clinical studies
have shown that increasing the daily consumption of fruit is inversely correlated to weight gain [30].
It was also shown that the consumption of whole fruit contributes to a reduced risk of long-term
weight gain in adults by reducing the total energy intake [31]. Several mechanisms are thought
to be responsible for the anti-obesity effect produced by fruit, but still it is tough to point out a
particular mechanism that allows some simple sugar-rich fruits to contribute to anti-obesity. Most types
of fruit have very high simple sugar content, such as sucrose, fructose, glucose, etc. [32]. Thus,
considering that the overconsumption of simple sugars is one of the main causes of obesity and
related diseases [33–35], it is perhaps surprising that the consumption of fruit is associated with
anti-obesity in most cases. For this review, we searched available health sciences electronic database,
including MEDLINE, Science Direct, Google Scholar, and the Web of Science in two independent
phases. First, the paper selection was made exclusively for epidemiological studies to support the
anti-obesity and pro-obesity effects of fruit published in the last 20 years, from 1996 to June 2016.
Combination of following keywords was used in the process of paper selection: fruit, whole fruit,
fruit juice, canned fruit, dried fruit, obesity, body weight, weight gain, BMI, and waist circumference.
Second, the search was performed for gathering the information to support anti-obesity and pro-obesity
mechanisms, which had no time limitation. Here, we included studies that showed the link between
fruit consumption and obesity, thereby providing insights into how simple sugar-rich fruits may
contribute to anti-obesity.

2. Anti-Obesity Effect of Fruits

Numerous interventional and observational human trials based on longitudinal and cross-section
study designs ranging from small to large population sets in various countries have investigated the
close association between the consumption of fruit and obesity. Based on precise anthropometric
analyses related to obesity, such as body weight, BMI, and waist circumference (WC), the majority of
these studies have suggested that fruit intake is inversely associated with obesity, as shown in Figure 1.
These human studies of the association between fruit and obesity can be broadly classified into three
different categories: (i) intervention randomized clinical trials (IRCTs); (ii) prospective cohort studies;
and (iii) cross-section studies.



Nutrients 2016, 8, 633 3 of 16Nutrients 2016, 8, 633  3 of 16 

 

 

Figure 1. Higher consumption of daily fruit is recommended by health organizations as a key factor 

for maintaining a healthy body weight via various mechanisms. 

2.1. Intervention Randomized Clinical Trials (IRCTs) 

IRCTs  conducted  in  obese  and  overweight  individuals  have  shown  that  fruit  intake 

significantly suppresses obesity  [36–40]. The  first of  these studies reported  the  impact of  low and 

high fruit diets on the body weight, BMI, and WC of obese Spanish females with a BMI of 34.9 ± 2.3 

kg∙m–2  and  average  age  of  32.6  ±  5.8  years  [36]. After  8 weeks  of  fruit  intervention,  there were 

significant  reductions  in  all parameters  in both groups, but a  comparative analysis only detected a 

significant difference in WC. Fujioka et al. reported another IRCT in American obese individuals with a 

mean BMI of 35.6 ± 4.7 kg∙m−2 and a broad age range of 18–65 years, a larger sample size (n = 77), and 

longer follow‐up [37]. This was a four‐armed double‐blinded placebo trial with three intervention 

groups, who consumed extra fresh grapefruit, grapefruit juice, and apple juice. The body weight was 

reduced  in  all  groups,  but  the  parameters  in  the  group  who  consumed  fresh  grapefruit were 

significantly different compared with  the placebo. Another study with apple and pear  intake  in a 

hypocaloric diet  found significant  reductions  in body weight and BMI compared with eating oat 

cookies after 10 weeks [38]. In this IRCT, three groups of obese Brazilian women with a BMI of 31.9 ± 

4.2 kg∙m−2 and average age of 44.1 ± 5.4 years received 300 g/day of either apple or pear as a fruit in 

their diet, whereas the control group consumed 60 g/day oat cookies for 10 weeks. In another IRTC 

where  the  original  aim was  to  evaluate  the  effect  of mangosteen  juice  on  obesity  biomarkers  in 

American  middle‐aged  obese  population,  increased  mangosteen  juice  intake  for  8  weeks 

significantly  reduced  the  BMI  and  body  fat mass  [39]. A  recent  intervention  study  found  that 

pomegranate  juice  intake significantly reduced  fat accumulation, but  the changes  in body weight 

and BMI were not clinically significant [40]. Finally, the outcomes of intervention studies conducted 

in obese  individuals have shown  that  fruit  intake ameliorates obesity‐associated parameters, e.g., 

reduced body weight, improved BMI, and decreased WC. Considering that the intervention studies 

mentioned  above were  conducted  for  short  time  periods,  the  impact  of  fruit  intake  on  obesity 

appears to be very significant. 

2.2. Prospective Observational Studies 

Prospective  human  studies  also  support  the  inverse  association  between  fruit  and  obesity, 

where  these  studies have  reported data obtained  from obese or overweight populations as well as 

comparisons with normal weight individuals. Most of the studies do not specify the factors that were 

Figure 1. Higher consumption of daily fruit is recommended by health organizations as a key factor
for maintaining a healthy body weight via various mechanisms.

2.1. Intervention Randomized Clinical Trials (IRCTs)

IRCTs conducted in obese and overweight individuals have shown that fruit intake significantly
suppresses obesity [36–40]. The first of these studies reported the impact of low and high fruit diets on
the body weight, BMI, and WC of obese Spanish females with a BMI of 34.9 ± 2.3 kg·m−2 and average
age of 32.6 ± 5.8 years [36]. After 8 weeks of fruit intervention, there were significant reductions
in all parameters in both groups, but a comparative analysis only detected a significant difference
in WC. Fujioka et al. reported another IRCT in American obese individuals with a mean BMI of
35.6 ± 4.7 kg·m−2 and a broad age range of 18–65 years, a larger sample size (n = 77), and longer
follow-up [37]. This was a four-armed double-blinded placebo trial with three intervention groups,
who consumed extra fresh grapefruit, grapefruit juice, and apple juice. The body weight was reduced in
all groups, but the parameters in the group who consumed fresh grapefruit were significantly different
compared with the placebo. Another study with apple and pear intake in a hypocaloric diet found
significant reductions in body weight and BMI compared with eating oat cookies after 10 weeks [38].
In this IRCT, three groups of obese Brazilian women with a BMI of 31.9 ± 4.2 kg·m−2 and average
age of 44.1 ± 5.4 years received 300 g/day of either apple or pear as a fruit in their diet, whereas the
control group consumed 60 g/day oat cookies for 10 weeks. In another IRTC where the original aim
was to evaluate the effect of mangosteen juice on obesity biomarkers in American middle-aged obese
population, increased mangosteen juice intake for 8 weeks significantly reduced the BMI and body fat
mass [39]. A recent intervention study found that pomegranate juice intake significantly reduced fat
accumulation, but the changes in body weight and BMI were not clinically significant [40]. Finally,
the outcomes of intervention studies conducted in obese individuals have shown that fruit intake
ameliorates obesity-associated parameters, e.g., reduced body weight, improved BMI, and decreased
WC. Considering that the intervention studies mentioned above were conducted for short time periods,
the impact of fruit intake on obesity appears to be very significant.

2.2. Prospective Observational Studies

Prospective human studies also support the inverse association between fruit and obesity,
where these studies have reported data obtained from obese or overweight populations as well
as comparisons with normal weight individuals. Most of the studies do not specify the factors that
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were controlled in the trails. However, the individuals with severe illnesses such as metabolic disorders,
terminal diseases, cardiovescular diseases, and other serious illnesses that can influnece the end results
were not included in these studies; however, smoking, drinking, physical activity, diet intake, etc. were
not restricted but were monitered in the course of the studies. In 1997, Stamler et al. reported that a
higher amount of energy intake in the form of fruit resulted in greater weight loss [41]. In this study,
5%–6% of the total energy provided as whole fruit or fruit juice was considered to be responsible
for an annual average weight loss of 2.3–6.8 kg. He et al. conducted a 12-year prospective study in
a large population of borderline overweight middle-aged female nurses (n = 74,063) with a BMI of
24.9 kg·m−2 and an average age of 50.7 ± 7 years [42]. They reported that an increased amount of fruit
in the diet reduced the likelihood of obesity. They stated that 0.22 increments and 1.86 increments in
fruit servings per day reduced the risk of obesity by up to 14% and 24%, respectively. Vioque et al. also
reported an inverse correlation between higher whole fruit intake and weight gain [43]. Buijsse et al.
reported that an increase of 100 g per day in the whole fruit intake was correlated with an average
weight loss of 0.017 kg in the overweight population based on data collected from five European
countries [44]. Rautiainen et al. tested the relationship between fruit intake and weight gain in
postmenopausal normal-weight women, thereby demonstrating that a greater intake of fruit alone
reduced the risk of becoming obese [45]. A meta-analysis of 17 independent prospective studies
reported by Schwingshackl also suggested that the intake of fruit has an inverse association with
weight gain [46]. Other prospective studies have also found negative associations between fruit intake
and weight gain or obesity [47–52]. Most of these prospective studies indicated that fruit intake may
be linked with body weight maintenance among normal weight or marginally overweight individuals.
These studies also showed that the increases in body weight were slightly lower in a relatively high
fruit intake study group compared with those who consumed less fruit.

2.3. Cross-Sectional Studies

Several cross-sectional studies support the inverse relationship between the amounts of fruit
consumed and weight gain over a period of time [53–57]. The first cross-sectional study published in
the USA by Serdula et al. in 1996 considered a large population of adult men and women (n = 21,892;
men = 9292, women = 12,599; age > 18 years). This study showed similar fruit consumption rates
in all of the different body weight groups, where the results indicated no association between fruit
intake and body weight [53]. After two years in 1998, Trudeau et al. also found no association between
fruit consumption and BMI [54]. In 2002, Lin and Morrison performed a survey of a large adult
population in the USA (n = 9117, male = 4709, female = 4408, age > 19) and found a negative association
between fruit consumption and body weight [55]. After four years in 2008, Moreira and Padrao also
reported a negative association between fruit and obesity, but only in women and not in men [56].
In the same year, Davis et al. reported a negative relationship between daily fruit intake and body
weight [57]. Two of these studies found inverse correlations only in female individuals and not in the
male population [54,56]. However, the results reported from most of these studies of large populations
including males and females detected a negative relationship between fruit consumption and obesity,
but self-reporting of end results by the participants were used to analyze the final outcome in most of
cases, thereby reducing the reliability of the final results.

3. Probable Mechanisms for the Anti-Obesity Effect of Fruit

As it is known that multiple mechanisms are responsible for producing the complex obesity
condition, thus, only one specific mechanism cannot be considered exclusively for obesity reduction or
restricting weight gain by fruit consumption. In particular, multiple concepts or mechanisms may be
responsible for the anti-obesity effects of fruit. Figure 2 shows the possible mechanisms related to the
anti-obesity effects of fruit, which are discussed in the following paragraphs.
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Figure 2. Possible mechanisms responsible for the anti-obesity or pro-obesity effects of fruits.

3.1. Fruit Reduces Calorific Consumption

In daily diet, replacing the energy-dense food with increased amount of fruit appears to be
inversely correlated with weight gain. The underlying mechanism responsible for the anti-obesity effect
of fruit is not clearly understood. One logical explanation for weight reduction by fruit consumption
may be a decrease in the total energy intake and a consequent amelioration of energy disequilibrium.
Energy homeostasis plays a key role in obesity generation, where a chronic positive disequilibrium in
energy homeostasis is thought to be an underlying cause that generates pathophysiological changes,
thereby resulting in obesity. A positive influence on energy homeostasis increases the growth of
adipose tissue for storing excess energy, which accelerates the growth of the persistent fat mass,
thereby resulting in the excessive accumulation of adipose tissue in the condition of obesity [58]. Fruit is
considered a low-energy-dense food based on two features. First, most types of fruit contain negligible
amounts of fat, which is the major energy-producing macronutrient and the main contributor to obesity
generation [59]. Second, fruit contains a large amount of water and a considerable amount of dietary
fiber, which may be responsible for further diluting the energy density [16,20]. Thus, fruit provides a
lower amount of energy per unit compared with westernized processed food, which can negatively
affect the energy balance [60]. Therefore, the addition of fruit to the daily diet reduces overall energy
consumption and improves the energy disequilibrium. Thus, the continuous intake of fruit may restrict
weight gains, reduce the fat mass, and control obesity.

3.2. Fruit Provides Prolonged Satiety

Satiety is a physiological process, which regulates the appetite or hunger by secreting several
biochemical signal peptides from various parts of the body [61]. Food enriched with dietary fiber leads
to an extended satiety state, which can reduce the gross food intake and directly influence the total
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energy consumption [62]. Dietary fiber is known to create a viscous gel-like environment in the small
intestine, which delays gastric emptying and reduces the activity of enzymes responsible for digesting
carbohydrate, fat, and protein. Moreover, this slower digestion of energy-generating macronutrients
increases the nutrient-receptor communication for a prolonged period, so the secretion of intestinal
satiety hormones may subsequently reduce the hunger sensation and finally decrease the consumption
of food [63,64]. In addition, the gel produced by soluble fiber increases the volume of undigested food
and reduces the amount of calories extracted, thereby reducing the total energy acquired from the
diet [65–67]. Nearly all types of fruit contain high amounts of dietary fiber, and if they are consumed
whole, they can enhance the satiety state and reduce feelings of hunger [68].

3.3. Fruit Micronutrients Influence Obesity-Associated Metabolic Pathways

Micronutrients are essential nutritional elements, which are required in very small amounts to
maintain good health but their deficiency can cause various health conditions, including metabolic
disorders. Micronutrient deficiencies are correlated with obesity through various mechanisms [69].
For instance, low concentrations of vitamins have been reported in obese populations in several
studies [70–73]. In particular, vitamins A, E, and C are negatively associated with fat deposition or
central obesity [74–76]. This influence of vitamins on fat mass reduction is attributed to leptin resistance
and the downregulation of genes involved in adipocyte generation and differentiation [77]. In addition
to vitamins, minerals are crucial micronutrients when considering obesity in general. Minerals such as
zinc [78,79], iron [80,81], and calcium [82] have inverse correlations with fat generation or obesity in
animal studies as well as in human trials. Thus, to reduce the incidence of obesity, the micronutrient
concentration should be maintained at the desired level in the body by natural or formulated resources.
Fruit is one of the most endowed and accessible providers of essential micronutrients among natural
foods [16,20]. Thus, the consumption of fruit can provide essential micronutrients to limit obesity via
various mechanisms. Therefore, the presence of various micronutrients in different types of fruit could
be one of the underlying mechanisms responsible for their anti-obesity effect. However, further studies
are required to provide direct evidence for the anti-obesity effects of micronutrients in fruits.

3.4. Non-Essential Phytochemicals in Fruit Augment Their Anti-Obesity Effects

Numerous phytochemicals are found in fruit, where they are typically byproducts of
multiple plant metabolic pathways or synthesized exclusively for multiple protective mechanisms,
such as combating infectious diseases, surviving under environmental stress conditions, and due
to excessive exposure to ultraviolet radiation [17]. Most fruit phytochemicals are not essential
for our vital functions or human nutrients. However, they have desirable health benefits by
decreasing the risk of multiple illnesses, such as cancers, type 2 diabetes, cardiovascular diseases,
and obesity [83,84]. In particular, fruit phytochemicals explicitly have anti-obesity effects, according to
numerous studies, by beneficially altering multiple physiological cascades, e.g., reducing oxidative
stress via their anti-oxidant properties, suppressing adipogenesis, inhibiting the differentiation of
preadipocytes, stimulating lipolysis, initiating the apoptosis of adipocytes, and limiting lipogenesis [85].
Plant phytochemicals can be categorized into six main classes, but fruit phytochemicals are
primarily phenolic compounds. Specific isolated phenolic compounds such as resveratrol, caffeic acid,
naringenin, proanthocyanidins, catechins, and cyanidin are known anti-obesity compounds found in
fruit [17,85–88]. A previous study performed phenolic phytochemical profiling in 25 of the most
commonly consumed fruits, and found that each fruit contained unique phenolic constituents
in substantial amounts as well as in proportion to others [89]. Among the 25 types of fruit,
wild blue- and blackberries accumulated the highest phenolic phytochemical contents, followed
by pomegranate, cranberry, blueberry, plum, and apple. Obviously, the beneficial health effects of the
abundant phytochemicals found in fruit may contribute synergistically to the anti-obesity effects of
fruit consumption.
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3.5. Effects of Fruit on Gut Microbial Ecology

Human gut microbes are thought to affect health [90] by modulating the metabolic phenotype [91].
In particular, the microbial community of obese individuals is surprisingly distinct from that of their
non-obese or lean counterparts [92]. This change in the gut microbial ecosystem may be affected
by several internal and external factors [93–97]. Diet is the main daily external source and the key
factor that can influence the gut microbial ecology rapidly and substantially [98,99]. The dietary
components that influence the gut microbial ecology are enriched in dietary fiber, and polyphenols can
increase the ratios of the bacterial phyla Bacteroidetes and Actinobacteria, which are predominant in
lean individuals, but decrease the prevalence of Firmicutes and Proteobacteria, which are dominant
in the obese gut community [100–102]. Therefore, the incorporation of fruit in the diet drives the
gut ecology toward an anti-obese condition by increasing the prevalence of lean-type bacteria but
reducing that of obese-type bacteria. At present, insufficient studies have investigated the direct
relationship between fruit consumption and changes in the gut microbial community. However,
it was recently reported that the phylum Bacteriodetes was abundant in a fruit-consumption group
who exhibited significant reductions in body weight [103]. Similarly, increasing the fruit content of
children’s meals led to increases in the bacterial phyla Bacteroidetes and Actinobacteria, which are
related to lean individuals [104]. More studies are required of the detailed mechanisms responsible for
the modulatory effects of the gut microbial ecology on host obesity and the incorporation of fruit in
the diet to modulate the beneficial effects of the gut microbial ecology.

3.6. Undiscovered Mechanisms

Fruit are complex biochemical products of plants. The detailed compositions of various fruits
are known, but the biochemical compositions of each fruit are not well understood [16,105].
Every year, new types of phytochemicals are reported in different fruits with various beneficial
health properties [17]. In addition, the complexity of obesity is well known because various impaired
molecular and physiological pathways are involved in the establishment of the pathophysiological
state of obesity. Therefore, given the unknown biochemicals in fruit and their relationship with
obesity, various mechanisms are probably undiscovered, and it will take several years before they
are elucidated.

4. Probable Mechanisms for the Pro-Obesity Effect of Fruit

4.1. Fruits with Pro-Obesity Effects

Despite the recognized anti-obesity effect of fruit, several studies have also demonstrated
the pro-obesity effects of certain types of fruit. An early study was conducted in preschool-aged
children [106] as a cross-sectional trial in the USA, which analyzed the impact of various dietary
components on the health and growth of infants and young children. The comparative statistical
analysis performed in this study showed that higher fruit juice consumption in children significantly
increased the probability of becoming obese as well as lower height. According to the dietary guidelines
in the USA, 8 ounces of 100% fruit juice contain most phytochemicals and almost as much as the whole
fruit, but it excludes dietary fiber [107]. Thus, the outcomes of this study contradicted the current
understanding of the beneficial health effects of fruit and fruit products. Six years later, Field et al.
provided supported for this earlier investigation based on a prospective cohort study of a group of
pre-adolescent and adolescent boys and girls [108]. Their analysis based on 15,000 American children
suggested that the consumption of a fruit-rich diet could explain weight gains in the preadolescent
and adolescent age groups if the total calorific intake was not adjusted according to their requirements.
In 2006, Rush et al. conducted a randomized controlled study and found that a high kiwi fruit intake
increased the body weight compared with non-consumers of the same fruit [109]. In the same year,
another study found a positive association between fruit juice consumption and adiposity in children
aged 1 to 4 years [110]. However, increased adipose tissue mass was found only in the already obese or
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overweight children, and increased fruit juice intake only augmented the risk of weight gain or obesity.
In 2007, Libuda et al. reported on the ongoing longitudinal DONALD study of German adolescent
boys and girls. Their statistical analysis showed that fruit juice consumption was positively associated
with BMI in girls, but there was only a cross-sectional association in boys [111]. In 2011, Makkes et al.
also reported a positive association between fruit juice intake and BMI in school-going children aged
8–10 years based on cross-sectional trials conducted in Guatemala. The consumption of fruit juice,
either homemade or commercially produced, resulted in a significantly higher BMI in children [112].
In 2015, Shefferly et al. reported the results of a longitudinal study conducted in a large group of U.S.
children aged 2–5 years, which suggested that greater consumption of fruit juices on a regular basis
was correlated with a higher increase in BMI with age [113].

However, the final outcomes of many of these human trials regarding fruit intake and its
correlation with weight support the pro-obesity effects of certain fruits. Many epidemiological studies
have confirmed the pro-obesity effects of various fruits, but the precise mechanisms responsible for
obesity development due to fruit consumption are not yet established. Therefore, we discuss some
factors that may be responsible for the weight gain effects of consuming these fruits, as shown in
Figure 2.

4.2. Fruit Increases Simple Sugars Intake

Among the various possible pro-obesity factors related to fruit, the high concentration of fruit
sugars is considered to be the main factor responsible for weight gain via the increased consumption of
some fruit. A higher daily intake of sugars is associated with an increased risk of metabolic disorders,
specifically obesity [114–116], according to many epidemiological and animal studies [117–119].
In particular, simple sugars, such as glucose and fructose, are thought to be the main source for
generating fatty acids by hepatic de novo lipogenesis, which may increase the levels of hepatic and
circulatory triglycerides, as well as the circulating levels of very-low- and low-density lipoproteins,
thereby resulting in increases in adipose tissue and obesity [120–122]. Most fruits are well known
to be rich sources of naturally occurring sugars, particularly simple sugars such as glucose, sucrose,
fructose, etc. [32]. Therefore, consuming an increased proportion of fruit containing higher amounts of
sugars in the daily diet may directly increase the ingestion of simple sugars to positively influence
the body energy equilibrium. This positive impact on the body energy equilibrium due to the
increased consumption of fruit rich in simple sugars may lead to obesity over a long period. Thus,
the consumption of certain types of fruit that are rich in simple sugars is the most likely mechanism
for the association between obesity and fruit consumption.

4.3. Improper Form of Fruit Supplements with Pro-Obesity Effects

Commercialization of food increases the availability of ready-to-eat fruit that excels the
accessibility of exotic fruits as well as increase the shelf-life. Commercially processed fruits are
available in various forms like dried, canned, juices, etc. However, fruit juice often contains similar or
more nutrients compared to whole fruit, but significant reduction in dietary fibers reduce the satiety
state and enhance the hunger feeling, contributing to additional intake of foods [123]. Canned fruit,
most of the time, contains a high amount of simple sugar for taste and/or conservation purposes.
This supplement of simple sugar to fruits increases calorie intake. Dried fruits contain a negligible
amount of water, which makes them energy-dense compared to the whole fruit. Processed fruits
contain more sugars, less fiber or less water, making them high-energy-dense food compared to whole
fruits [124]. Hence, replacing whole fruit with any common processed fruit type could be a possible
contributor to the obesity.

5. Discussion

Over the past 30 years, many studies have investigated the effects of fruit consumption on obesity.
Most of these studies support the inverse correlation between fruit intake and unhealthy weight gain
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or obesity, irrespective of the study type. As mentioned earlier, various health organizations have
stated that the amount of fruit in the daily diet has a negative relationship with weight gain (Figure 1),
but there is still insufficient concrete evidence to establish a convincing mechanism, so the benefits
of fruit consumption are in a confused state. However, various underlying explanations have been
suggested for obesity reduction by fruit consumption, as shown in Figure 2, but the low-energy density
of fruit is widely accepted as having a negative impact on the body energy balance. Fruit can negatively
influence energy homeostasis via two basic mechanisms: by providing less energy per serving and
reducing the daily food intake by extending satiety. Positive energy homeostasis is the fundamental
cause of obesity, so both mechanisms can help to reduce the total energy inflow and ameliorate this
disequilibrium in energy homeostasis by influencing it negatively. This lower energy intake increases
the requirement for calories to meet the body’s daily requirements. Therefore, to compensate for the
required daily amount of calories, the body utilizes stored energy from white adipose tissue, and this
negative flow of energy from adipose tissue lowers the fat mass. Hence, a steady intake of fruit can
reduce central obesity as well as preventing weight gain, thereby controlling obesity.

In addition to correcting defective energy homeostasis, the second main anti-obesity mechanism
related to fruit involves the essential and nonessential phytochemicals provided by fruit. Fruit are
natural providers of essential required micronutrients such as vitamins and minerals, which are also
responsible for producing anti-obesity effects via various mechanisms, e.g., reducing the proliferation
of adipocytes and differentiation, which ultimately decreases adipogenesis and controls obesity.
Therefore, the abundance of essential micronutrients in fruit may also be responsible for their
anti-obesity effects. In addition to micronutrients, fruits accumulate abundant amounts of various
phytochemicals, which are not essential bodily requirements, but they also contribute to the control of
obesity. These phytochemicals influence the expression levels of various genes, which can repair the
impaired pathophysiological cascades involved with obesity generation, e.g., by reducing oxidative
stress, controlling hyperlipidemia by enhancing lipolysis and decreasing lipogenesis, and decreasing
the fat mass by reducing adipogenesis and increasing adipoapoptosis. Thus, fruit phytochemicals may
also augment the anti-obesity properties of fruit, although they are not essential bodily requirements.
The concentrations of anti-obesity-related elements are very low in fruit so more human trials are
required to draw any conclusions regarding the roles of essential and nonessential fruit phytochemicals
in the control of obesity.

Finally, a very new concept related to fruit and their anti-obesity effects is that fruit can modify
the gut microbial community. However, the association between gut microbes and obesity is a recent
concept, although it is widely accepted because of the distinct gut microbial communities found in
lean and obese individuals. The predominant bacterial phylum found in lean people may reduce
energy absorption and maintain a healthy body weight. Several animal trials have shown that a steady
intake of fruit can transform the gut ecology so it matches that found in a lean population. Therefore,
this may be a crucial mechanism involved with the weight reduction process due to increased daily
fruit intake. Thus, we have summarized various mechanisms related to fruit and their anti-obesity
effects, but it is not possible to suggest that a single mechanism is responsible for weight control or
obesity reduction. Indeed, all of mechanisms described above may work synergistically to produce the
anti-obesity effects of fruit consumption, as shown in Figure 2.

By contrast, several studies support the pro-obesity effects of fruit, and a few mechanisms are
thought to be responsible for generating obesity via fruit intake, as described in Figure 2. In particular,
the abundance of simple sugars in fruit is the main direct factor that is considered to be responsible.
Thus, fruit accumulates simple sugars rather than fat, but this can still be important, particularly
fructose. High fructose concentrations in food are directly associated with many metabolic disorders,
especially obesity via de novo lipogenesis. In addition, consuming fruit in different forms other than
whole fruit can increase the calorific intake and positively influence energy homeostasis to eventually
promote obesity. Thus, the generation of obesity or weight gain by consuming large amount of fruit or
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fruit products is an avoidable problem. Likewise, fruit and fruit products contribute to the obesity;
it might be possible that fruit can also influence the metabolically healthy obesity (MHO) [125].

The results of several human studies support the pro-obesity effects of fruit, but the reported
trials have various limitations such as a lack of total daily energy intake records for participants or the
self-reporting of fruit intake by participants, which make their results debatable. In addition, it should
be noted that the pro-obesity effects are often limited to specific age groups in children or preadolescent
individuals. Moreover, studies that considered fruit juices and processed fruits in an energy-dense
form should be distinguished from those of unprocessed fruit. A large number of population-based
studies support the anti-obesity effects of fruit but several animal studies provide experimental proof
of an inverse relationship between body weight and specific types of fruit or fruit groups via various
mechanisms, such as altering the expression of various genes involved in obesity generation or
reducing the appetite. No previous animal trials have tested the pro-obesity effects of fruit. Indeed,
despite the high sugar content of any type of fruit, some fruits produce anti-obesity effects, thereby
indicating that the anti-obesity mechanisms of fruits can suppress the pro-obesity effects by working
synergistically in order to reduce obesity. Furthermore, some types of fruit have weight-reducing
or weight-restricting effects on obese people, but the mechanisms responsible for these effects are
still not well understood. Therefore, various fruits may have other weight-reducing components that
remain undiscovered. Thus, further experiments are required to discover the mechanisms related to
the unidentified anti-obesity factors in these types of fruit. Hence, the anti-obesity effects of fruit are
more obvious than their pro-obesity effects. The possible mechanisms of weight reduction due to fruit
consumption, e.g., low-energy-dense food, satiety factor production, and the effects of micronutrients
on metabolic pathways, have indirect correlations with obesity and the intake of fruit, but they still
have no direct support, particularly in humans. Therefore, extensive experiments are required to
establish robust mechanisms for the anti-obesity effects of fruit.

6. Conclusions

Previous studies of the effects of fruit on obesity have shown that their anti-obesity effects are
greater than their pro-obesity effects in most cases, as demonstrated in this review. Moreover, the final
outcomes of these anti-obesity studies support the inclusion of higher amounts of fruit in our daily
food intake to reduce weight, as well as promote a healthy life style by increasing physical activity and
reducing the intake of sugar and fat. However, most types of fruit contain large amounts of simple
sugars, which are well-known contributory factors to obesity and obesity-related diseases. Therefore,
the high level intake of particular forms of fruit such as fruit juice is not advisable in certain age
groups, especially children. In addition, it has been suggested that plant fiber and phytochemicals
may be responsible for the anti-obesity effects of fruit, but cereals are also rich in phytochemicals and
fiber yet they have no remarkable anti-obesity effects. Therefore, more human trials are required to
address these two mechanisms. In addition to the possible anti-obesity mechanisms discussed above,
we consider that various other important unknown components present in fruit may be responsible
for preventing obesity. Furthermore, the anti-obesity properties of known fruit components need to be
verified. Thus, future research should be focusing on identifying anti-obesity components in fruit as
an urgent and important task in order to understand the scientific mechanism of obesity but also to
develop a method for controlling obesity by increasing fruit consumption.
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