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ABSTRACT 

Background 

Numerous studies have focused on the contribution of calcium and vitamin D to bone growth 

and mass accumulation, but not many focused on other nutrients such as vitamin for promoting 

bone growth and mineralization. 

Objectives 

1) To determine whether dietary intakes of Vitamin C positively supports bone growth and 

increases the bone mineral density in both boys and girls. 

2) To determine the effectiveness of fruits and vegetables for improving bone mineral density in 

adolescents. 

Search Methods 

The search strategies included a search on PubMed.gov for studies from year 2000 to present that 

focused on the correlation between the vitamin C or fruits and vegetable intakes and the bone 

development.  

Key terms: vitamin C, bone mineral density, bone mineral content, fruit, vegetable, dietary 

intake, adolescence, bine development, Dual energy x-ray absorptiometry (DXA), peripheral 

quantitative computed tomography (pQCT), and diet questionnaire. 
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Selection criteria 

Studies examined a relationship between vitamin C or fruits and vegetable intakes and bone 

development by using questionnaire, DXA, and pQCT. Participants included male and female 

children and adolescents aged 8-20 years without any medical conditions and only trials with 

more than 50 participants were included. The studies used in this review were all written in 

English. 

Data collection and analysis 

All the initial references were screened for inclusion. The reported findings and the correlation 

between bone development and vitamin C or fruits and vegetables intakes were analyzed and 

summarized to evaluate the effectiveness of the vitamin C and fruits/vegetables on bone 

development. 

Main results 

A total of six relevant studies were included. The higher intakes of vitamin C and 

fruits/vegetables can lead to higher heel BMD, larger bone area of the whole body and wrist, 

higher whole body BMC, TBBMC, lumbar spine BMC, total hip and femoral neck BMC. 

 

BACKGROUND 

 Osteoporosis is a condition where bones are, porous, weak and brittle (Laudermilk 2012). 

Though osteoporosis can occur in children due to a reduced accumulation of bone tissue during 

growth, it mostly occurs in older individuals due to an accelerated rate of bone loss from 

hormonal changes (Grover 2013). The chance of having osteoporosis and fractures later in life 

depends on how much bone is built during the early years as well as how much bone is lost 
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during maturity (Laudermilk 2012). One way to prevent osteoporosis and fractures later in life is 

to build stronger bones. 

 A common characteristic of people with high risk of having osteoporosis is lower bone 

mineral density or BMD (Grover 2013). Unfortunately, most of the mineral density or the peak 

bone mass will be acquired by the time a person is 18 years old, which is why it is critical to 

focus on how children and adolescents are developing their bones whether it is through exercise 

or proper diet (Clarke 2008). As a woman reaches the menopausal age and gets older, the peak 

bone mass will decrease accordingly due to a reduced estrogen and testosterone production and 

concentration in blood (Grover 2013). While lifestyle modification can slow down the rate of the 

bone mass, maximizing peak bone mass could also reduce the risk of having osteoporosis later in 

life. In fact, it was found that increasing the peak bone mass by only 10% could reduce the risk 

of fracture relating to osteoporosis by half (Grover 2013). Since BMD can be used to estimate 

the future risk of osteoporosis, it is often used as an outcome for children’s bone-development 

studies, including this review. 

Several studies have focused on the contribution of calcium and vitamin D to bone 

growth and mass accumulation, but a few have focused on other nutrients like vitamin C that 

could also play an important role. The commonly known benefit of vitamin C is the protection 

against immune system deficiencies, however, vitamin C is also a cofactor in the hydroxylation 

of lysine and proline, and therefore is needed in the cross-linking of collagen fibrils in healthy 

bones (Palacio 2006). Collagen is considered one of the most important components of bone 

matrix because it supports the structure of the bones while preventing bone deformation and 

fracture (Clarke 2008). Without collagen, bones lack elasticity and are not be able to withstand 
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much force before breaking. Therefore, Vitamin C may play critical role in bone development 

and maintenance throughout life. 

Vitamin C and bone health in children 

 Vitamin C, called ascorbic acid, is a water-soluble nutrient found in most fruits and 

vegetables (Palacio 2006). Besides acting as an antioxidant to protect cells from free radicals, 

vitamin C also promotes synthesis of collagen, which is vital for wound healing and bone 

development (Palacio 2006). The daily-recommended vitamin C depends on gender and age of a 

person. For example, a 14 to 18 years old male will need 75 mg of vitamin C each day while a 

female within the same age will need 60 mg (Weil 2012). One of the most common diseases 

people get from not reaching the daily-recommended amount of vitamin C is scurvy (Clarke 

2008). The symptoms of scurvy include joint pain, slow wound healing, and fatigue (Palacio 

2006). Though people who have scurvy can recover by taking the vitamin C dietary supplements, 

if they are left untreated, the disease can lead to anemia or even death (Palacio 2006). Besides 

scurvy, not receiving enough vitamin C also prevents the body from stimulating procollagen and 

alkaline phosphate activity (Palacio 2006). The alkaline phosphate activity is very crucial to bone 

development in children and adolescents because it is required for formation of osteoblasts, the 

cells that mineralize bones (Clarke 2008). 

 

OBJECTIVES 

• To determine whether dietary vitamin C positively supports bone growth shown by 

increases in the bone mineral density in both boys and girls. 

• To determine the effectiveness of fruits and vegetables consumption for improving bone 

mineral density in adolescents. 
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METHODS 

Criteria for considering studies for this review 

Type of studies 

The type of studies included all existing studies on a relationship between vitamin C or fruits and 

vegetables intakes and bone development with any form of dietary history or questionnaire that 

indicates the amount of intakes. 

Study participants 

Participants included children and adolescents aged 8-20 years without any medical conditions or 

treatments that could possibly lead to osteoporosis. Participants were both male and female.  

Type of interventions 

Trials of high vitamin C intakes (> 45 mg/d for children 8-13 years and > 65 mg/d for teen 14-

20) that came from fruits and vegetables compared with low vitamin C intakes (< 45 mg/d for 

children 8-13 years and < 65 mg/d for teen 14-20). Trials with less than 50 participants were 

excluded (Weil 2012). 

Type of outcome measures 

 Since the intervention studies on bone development in children mostly used bone mineral 

density (BMD) as an outcome, this review also used BMD as a main outcome. The data that 

indicated differences in the bone mineral density of two groups of children, one with high 

vitamin C or fruits and vegetable uptakes and the other one with low uptakes were compared. 

The types of bone or the sites used for the measurement were femoral neck, hip, lumbar spine, 

non-dominant wrist, non-dominant forearm, non-dominant heel, and a total body BMD. 

Additionally, the methods of measurements included diet questionnaire, Dual Photon 

Absorptiometry (DXA) and peripheral quantitative computed tomography (pQCT). 
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Search methods for identification of studies 

 The search strategies included a search on PubMed.gov for studies from year 2000 to 

present that focused on the correlation between the vitamin C or fruits and vegetable intakes and 

bone development. Searches were based on the following keywords; vitamin C, bone mineral 

density, bone mineral content, fruit, vegetable, dietary intake, adolescence, bine development, 

Dual energy x-ray absorptiometry (DXA), peripheral quantitative computed tomography 

(pQCT), and diet questionnaire. 

 

Data collection and analysis 

 All 646 initial references were screened for inclusion. The significant findings and the 

correlation between bone development and vitamin C or fruits and vegetables intakes were 

analyzed and summerized to evaluate the effectiveness of the vitamin C and fruits/vegetables in 

bone developmental process. Each of the six studies was initially examined individually for the 

correlation between bone development and vitamin C or fruits and vegetables. After the 

correlation of each study was known, the author searched for an overlapped, similarity, and 

differences in the findings of each study and make a meaning out of them by identifying the 

trend. 

 

RESULTS 

Description of studies 

 The initial search from the PubMed database identified 646 references to potential studies 

that could be included in the review. There were three additional records that were identified 

through other sources making the number of records or references to be screened 649. After 
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further screen the title and abstract of the current records, 638 of them were excluded because 

they were not relevant to vitamin C and bone development. After the exclusion, only 11 

references remained for the full-text review. Of 11 references, six references were included in the 

review and five references were excluded due to the characteristics that did not meet the 

requirement for the review. Some characteristics of the references that were excluded were 

methods, participants, measurement sites, and results. Four of the five references were excluded 

because the participants’ age range in their studies was not within 8-20 years old. Additionally, 

one of the five references was excluded because the methods or the strategy for collecting the 

data was not in questionnaire, DXA, or pQCT. Characteristics of the six studies or references 

that were included in this review are given in figure 1. 
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Figure 1. Flow chart of the number of records  
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Table 1: Characteristics of studies included in the review 

 

Table 2: Characteristics of studies included in the review 

 

Table 3: Characteristics of studies included in the review 

 

Table 4: Characteristics of studies included in the review 
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Table 5: Characteristics of studies included in the review 

 

Table 6: Characteristics of studies included in the review 

 

 

 All of the included studies examined a relationship between vitamin C or fruits and 

vegetable intakes and bone development with any form of dietary history or questionnaire that 

indicated the amount of intakes. Participants included male and female children and adolescents 

aged 8-20 years without any medical conditions or treatments that could possibly lead to 

osteoporosis. Additionally, only trials with more than 50 participants were included to increase 

the weight and the validity of each study. In fact, two of the five full-text articles were excluded 

because the number of participant was below 50. 

 The data that indicated differences in bone mineral density of two groups of children, one 

with high vitamin C or fruits and vegetable uptakes and the other one with low uptakes were 

compared. The types of bone or the sites used for the measurement were femoral neck, hip, 
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lumbar spine, non-dominant wrist, non-dominant forearm, non-dominant heel, and a total body 

BMD. Furthermore, the methods of measurements included diet questionnaire, Dual Photon 

Absorptiometry (DXA) and peripheral quantitative computed tomography (pQCT). 

Effect of vitamin C and fruits/vegetable 

 Of the six studies that were included in this review, two explicitly showed the correlation 

between vitamin C and bone development while the other four showed the correlation between 

fruits and vegetables and bone development. The data from the two studies that showed the 

correlation between vitamin C and bone development suggested that for every milligram of 

vitamin C intake being taken per day, the trabecular area, cortical strength, and periosteal and 

endosteal circumferences increased by 11%, 14%, 5%, and 8.6% respectively in girls 

(Laudermilk 2012) (Tylavsky 2004). In these studies the participants were all female. In another 

study with both male and female participants, for every 10 mg/d of vitamin C intake, a femoral 

neck area increased by 0.003-0.003 g/cm^3 in boys only; there was no significant difference in 

girls (Prynne 2006). 

 The four studies that examined the correlation between fruits and vegetables and bone 

development suggested that higher consumption of fruits and vegetables can result in larger bone 

area of the whole body and wrist and also higher whole body BMC, TBBMC, lumbar spine, heel 

BMD total hip and femoral neck (Tylavsky 2004) (McGartland 2004) (Vatanparast 2005) (Li 

2012). Groups with higher fruits and vegetables consumption had increases in bone area of the 

whole body, wrist, the BMC of the whole body, and the BMC of the wrist of 6%, 8.3%, 7.4%, 

and 7.0% respectively (Tylavsky 2004). 

 However, the increase in the TBBMC and femoral neck area were only observed in boys 

on two of the studies (Prynne 2006) (Vatanparast 2005). The differences in the TBBMC and the 
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femoral neck in girls were not significant enough to suggest a correlation with fruits and 

vegetables intakes. Also, while one study (Vatanparast 2005) found that an intake of 10 as 

opposed to 1 serving of fruits and vegetables per day could increase the TBBMC by 48.6 g, two 

other studies suggested that there was an association between fruits intake in BMD but no or 

very minimal association between vegetables and BMD (McGartland 2004) (Li 2012). 

 

DISCUSSION 

Summary of main results 

 The purposes of this systematic review were to determine whether Vitamin C from diets 

positively supports bone growth or increases the bone mineral density, area, and strength in both 

boys and girls and also to determine the effectiveness of fruits and vegetables for improving 

bone mineral density in adolescents. With a small number of studies that examine the correlation 

between bone development and vitamin C or fruits and vegetables intakes in children and 

adolescents, the validity and the quality of evidence on which to become a conclusion for this 

review is limited. It is difficult to definitively conclude that vitamin C plays a vital role in bone 

development. However, the trend of results from all six studies supports that higher vitamin C or 

fruits and vegetables intakes positively improve bone development somehow. For example, an 

intake of 10 as opposed to 1 serving of fruits and vegetables per day could increase the TBBMC 

by 48.6 g (Vatanparast 2005). Also, the data from two studies that showed the correlation 

between vitamin C and bone development suggested that increasing vitamin C intakes could 

increase the trabecular area, femoral neck area, cortical strength, periosteal and endosteal 

circumferences, and also the whole body BMD (Laudermilk 2012) (Laudermilk 2012). 

Regardless of the positive trending that supports how vitamin C or fruits and vegetables intakes 
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positively improve bone development, one needs to take into consideration of other factors that 

were affecting the participants since all of the studies included were not controlled. It is difficult 

to conduct a controlled experiment on children and adolescents in order to gather acute result, 

which is why one needs to consider other factors that could also contribute to bone growth like 

exercise and other nutrients and vitamins, such as vitamin K, which can also stimulate osteoblast 

activity (Palacio 2006). 

 

AUTHORS’ CONCLUSION 

Implication for practice 

Though the small number of studies is not enough to firmly assure that vitamin C or fruits and 

vegetables play a vital role in bone development, the trending of all the six studies that were 

included in this review suggested that they can lead to higher heel BMD, larger bone area of the 

whole body and wrist, higher whole body BMC, TBBMC, lumbar spine BMC, total hip and 

femoral neck BMC. 

 

Implication for research 

More controlled trials in children and adolescent’s diet and its relationship to bone development 

need to be done in order to gather more data, examine the trend, and determine the extent in 

which the vitamin C is involve in bone developmental process. 
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