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The provision of optimal nutrition to the critically ill child, to offset the catabolic effects of the illness or injury and to enhance clinical outcomes, is an important objective for healthcare providers. The last decade has seen a resurgence in interest in this area of critical care, with an increasing number of research publications and consensus documents. The field of critical care nutrition has evolved, and clear associations between bedside nutrient delivery and outcomes have been demonstrated. Nutrition delivery is no longer just supportive care, but it is now recognized as an important therapy with nutrients that can modulate disease. Despite the enthusiasm and the explosion in research on the subject, there are many unanswered questions, and the quest for best practices remains elusive, especially in the pediatric intensive care unit (PICU). The individual practitioner—the trainee, the intensivist, the dietitian, the nurse—is left with a number of practical questions on the nutritional management of the individual child in the PICU.
 
We are delighted to present the first edition of Pediatric Critical Care Nutrition, a comprehensive textbook that addresses nutrition therapy for the critically ill newborn infant and child. To our knowledge, this is the first and currently only available textbook on this subject. The book has been divided into three sections, with chapters that describe nutritional aspects of a variety of pediatric critical illnesses. The book includes contributions from some of the leading experts in this area from around the world. The authors represent a multidisciplinary group consisting of critical care physicians, critical care nurses, gastroenterologists, pediatric surgeons, dietitians, and pharmacists. Each author sees the critically ill child from a distinct vantage point based on their practice area and hence, provides a unique perspective. The chapters represent collaborations between authors from different institutions, regions, and specialties. We aimed for a book that is eminently readable, whether one chooses to read it from cover to cover or to focus on individual chapters. We have emphasized certain themes throughout this book, such as our belief in enteral nutrition as the best mode of nutrient delivery, screening for nutritional status, indirect calorimetry to accurately determine energy requirements, the role of a multidisciplinary team of nutrition champions, and the importance of studying the impact of nutrition therapy on clinical outcomes.
 
We believe that nutrition therapy has been ignored in the PICU, and it is time to emphasize its importance during critical illness and realize its potential impact on clinical outcomes. We hope that this book summarizes the important work done by several champions over the past decade, and that it will kindle an interest in researching the vast expanses of PICU nutrition knowledge that need to be explored. It is our sincere belief that by adopting and implementing the best practices in this book, hospitals and healthcare professionals can

 
achieve safer care and make meaningful and long-lasting improvements to bedside nutrient delivery, with the ultimate aim of improving outcomes in the vulnerable child in the PICU. We also hope that this book will serve to encourage future research in this field so that we can continue to build on the strides that have already been achieved.
 
Finally, we would like to express our deep gratitude to all our authors for their time and tremendous contributions. Without them, this book would not have been possible. They are the true leaders and pioneers in our field, and we will continue to look to them for collaboration and guidance in the future.
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Peer Mentoring Contributes to Career Growth of Undergraduate Nutrition and Dietetics Students
 
Megan E. Grimes, Sandra D. Baker, Marie Fanelli Kuczmarski
 
Behavioral Health and Nutrition, University of Delaware, Newark, USA
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Abstract
 
Peer mentoring has been shown to improve social networks and reduce the rate of failure in col-lege classes. However, it has not been studied extensively with nutrition and dietetics majors, who may benefit from peer mentoring as a way to cultivate learning and improve communication and leadership skills. The University of Delaware’s Dietetics Program recently implemented cross-year peer mentoring in the relatively large Introduction to Nutrition Professions class, a First Year Experience course. At the end of every class, the mentors, upperclassmen, met with small groups of students to answer questions, review assignments, and share their experiences. The ratio of mentor to student was 1:10. All mentors received training by the course instructor prior to the first mentoring sessions. The effectiveness of the mentoring experience was evaluated for both the mentees and the mentors of the 2012 and 2013 classes by a validated online survey. Of the 254 mentees, 176 (69%) completed the survey; of the 24 mentors, 21 responded. Approximately 75% of the mentees agreed or strongly agreed that mentoring provided them nutrition resources, and that they could ask the mentor questions about the field of nutrition. Mentees noted that they be-nefited from increased knowledge of university resources and nutrition careers and the valuable advice from mentors. Almost all mentors agreed that the program increased their leadership and communication skills, and that it was a positive experience. Mentor benefits included career de-velopment and favorable dietetic internship acceptance rate, higher than the national average. Roughly 35% of mentees and 8 of 21 mentors agreed or strongly agreed that the mentoring ses-sion expanded their friendship networks within the major. Based on these positive outcomes, peer mentoring is an effective method to enhance students’ learning and career growth.
 
Keywords

 
Undergraduate, Dietetics, Nutrition, Peer Mentoring, Career Development
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1. Introduction
 
Peer mentoring in an educational setting is a way for more experienced students to assist and guide less expe-rienced students. It is a process that leads to learning and growth in both mentors and mentees (Gillman, 2006). Peer mentoring has been shown to be beneficial in the undergraduate education of a number of healthcare dis-ciplines, although the results are sometimes inconsistent. Dental students participating in a peer mentoring pro-gram reported a positive experience, testifying that the program eased their transition into dental school and helped to relieve anxiety (Lopez, Johnson, & Black, 2010). Paramedic students reported better understanding of the material after a peer mentoring program was established (Hryciw, Tangalakis, Supple, & Best, 2013). A study on the effects of peer mentoring on nursing students showed that students who experienced peer mentor-ing did not have reduced stress levels as compared to students who did not; however, both mentors and mentees reported a gain in knowledge after the peer mentoring session (Li, Wang, Lin, & Lee, 2011). Peer mentoring has been utilized for overall academic advising for nutrition majors (Helm & Sebold, 2010). Our search online of accredited dietetics programs revealed that peer mentoring was used as a link between students and practicing dietitians in their respective state and between all undergraduate students and nutrition and dietetics club mem-bers in a few universities (Kansas Dietetic Association, 2014; Indiana University, 2014). However, to the know-ledge of the researchers, no one has explored the use of cross-year small-group peer mentoring in an introducto-ry nutrition and dietetics course.
 
One role of a Registered Dietitian is to act as a health promotion specialist. Dietitians promote positive change by assessing and diagnosing nutrition problems and then implementing and monitoring care (Lacey & Pritchett, 2003). Excellent interpersonal and communication skills are essential to future leaders in the dietetics professions enabling them to impact positive dietary behavior change. Prior to becoming Registered Dietitians, dietetics majors must complete an undergraduate program accredited by the Accreditation Council for Education in Nutrition and Dietetics and a Dietetic Internship. To be competitive for acceptance into a Dietetic Internship, dietetics majors’ classroom, volunteer, and work experiences that enhance communication and leadership abili-ties are very important. Thus a student’s chance of obtaining an internship and becoming a Registered Dietitian might be increased by serving as a mentor.
 
The Academy of Nutrition and Dietetics, the national association for dietetics and nutrition professionals, re-cognizes the benefits of mentoring (Boyce, 2014; McCollum, 2013; Lipscomb & An, 2010; Mangan, 2012) and acknowledges the need for mentoring in undergraduate nutrition majors (White & Beto, 2013; Stein, 2012; Oli-vares, Burns-Whitmore, & Kessler, 2014). Participating in peer mentoring can enhance the communication skills for both mentees and mentors (Topping, 1996). Although peer mentoring is not new, the use and evaluation of peer mentoring does not appear to be reported in the literature for accredited dietetics programs.
 
The popularity of nutrition and dietetics majors is steadily increasing which has resulted in increased under-graduate class sizes. The Introduction to Nutrition Professions course at the University of Delaware has steadily grown and now enrolls more than 100 students every semester. Although Ehrenberg, Brewer, Gamoran and Willms (2001) report that smaller classes lead to higher achievement and engagement of students, it is hoped that if large classes utilize peer mentors who facilitate small groups, students will connect and be successful.
 
This research had two objectives: first, to determine the success of cross-year peer mentoring based on re-ported perceptions of dietetics mentees and mentors and second, to identify strengths of peer mentoring as well as areas for future directions.
 
2. Method
 
2.1. Development of Nutrition Peer Mentoring Seminar Course
 
At the University of Delaware, the Introduction to Nutrition Professions course is taken by entering freshmen in any of the three nutrition majors: dietetics, applied nutrition, and nutritional sciences. It is also required for those who declare a nutrition major after their first semester, which means that there are sophomores, juniors and se-niors enrolled in the course each semester. It is classified as a First Year Experience (FYE) course and therefore serves as an acclimation to university resources and a vehicle for building connections among freshman students. This course presents an overview of the field of nutrition and is meant to provide the foundation for success in the major. It is a one credit, pass/fail course that traditionally includes mini-lectures focusing on resources for academic success and speakers who share stories about their career paths. Students complete several assign-ments such as a writing a resume and personal statement of goals, gaining experience developing complete cita-
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tions for publications, and completing a scavenger hunt of nutrition resources. The culminating project is the creation a professional portfolio to be used throughout their university experience.
 
While most FYE courses at the University of Delaware are limited to a class size of 20 - 25 students, the In-troduction to Nutrition Professions course enrolls more than quadruple this range. To accommodate the growth in number of majors while maintaining the quality of the classroom experience, the instructor introduced peer mentoring to this course in 2012. A companion course entitled, “Peer Mentoring Seminar”, was created with expectations for peer mentors similar to the roles and responsibilities for peer mentors identified by Minor (2007) (Table 1).
All peer mentors were required to attend a training session where they learned about campus resources, group facilitation skills, and their roles and responsibilities as peer mentors. They were also required to attend the In-troduction to the Nutrition Professions class sessions. Prior to every class, the instructor sent the mentors an out-line of the events for the class and a list of tasks to be completed in the peer mentoring session. They met briefly before class to review tasks, discuss ice breakers, and address any questions.
 
During each 2-hour class period, the majority of the time was spent in a traditional lecture with both mentees and mentors present. Then each mentor met with his or her group, which consisted of about ten students, for the final portion of the class (20 - 30 minutes). Mentoring groups remained the same throughout the semester. Men-tees were grouped cross-year and alphabetically by last name. Cross-year mentoring gave an opportunity for more experienced students to share with less experienced students. The purpose of this session was to discuss material, answer questions, review homework, and establish social connections. The instructor was available during the peer mentor small group time to act as an additional resource to both mentors and mentees.
 
At the end of each session, mentors reported to the instructor about student participation and any questions that arose during the session. Mentors were required to send the instructor a weekly email to describe how the group went. While the peer mentors provided a first review of assignments, the instructor also evaluated as-signments and finalized all grades. Therefore, students benefitted from having both peer mentor and instructor feedback.
 
Table 1. Description of nutrition peer mentoring seminar course.
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Course prerequisites:
 
Course description:
 
 
 
Course objectives:
 
 
 
 
 
 
Expectations for peer mentors:
 
 
 
 
 
 
 
Requirements for a pass grade:


 
Junior/Senior Nutrition Major, successful completion of Introduction to the Nutrition Profession course, minimum 2.75 GPA, permission of instructor.
 
One credit, pass/fail.
 
Focus on developing skills in mentoring peers. Experiences under supervision of nutrition faculty member.
 
To understand, develop and employ mentoring skills in assisting Introduction to the Nutrition Profession students in acclimation to the nutrition major and university. As a mentor, you should be able to:
 
      describe the nutrition majors and career opportunities
      demonstrate professionalism and confidentiality in interactions
      understand and explain to others resources for academic success
 
      Socialization—create an informal setting for mentees to get to know each other
      Orientation—familiarize mentees with University resources and procedures
      Mentoring—share own experiences, guide mentees in completing assignments and provide support
      Advising—demonstrate use of curriculum checksheet for selection of classes and encourage relationship with faculty advisor
      Supervision—reinforce course policies
      Instruction—teach mini-lecture to entire class (optional)
      Coordination and Leadership—facilitate small group mentoring sessions at the end of every class
      Role-Modeling—demonstrate the characteristics of an engaged learner
 
      Attend training session.
      Attend all Introduction to the Nutrition Profession classes.
      Act as a role model/mentor for group of no more than 10 students and facilitate small group discussions.
      Be prepared for each class by carefully reviewing course and assignment requirements. Read all emails and postings in Sakai [course management system].
 
      Review assignments using criteria established by instructor and complete reviews within one week.
      Demonstrate professional behavior and always respect confidentially.
      Communicate weekly with course instructor.
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2.2. Sample Population
 
The eligible mentee sample consisted of a total of 254 students with 100 enrolled in the 2012 section and 154 enrolled in the 2013 section of an Introduction to Nutrition Professions class at the University of Delaware.
 
Twenty-four mentors, including nine during 2012 and 15 during the 2013 semester were eligible to partici-pate.
 
2.3. Survey
 
Two online surveys, one for mentors and one for mentees, were developed using Qualtrics® survey software (Qualtrics Labs, Inc., Provo, UT, 2014) . The study methods and all materials were approved by the University of Delaware Institutional Review Board. Previously published surveys from an evaluation of a peer mentoring program (Hryciw, Tangalakis, Supple, & Best, 2013) laid the foundation for the development of the surveys. They surveys were pre-tested for clarity, timing, and reliability by several non-dietetic students and dietetic stu-dents who had completed the Introduction to the Nutrition Professions class prior to 2012. Content validity was demonstrated, indicating that the survey questions provided a comprehensive representation of the benefits as-sociated with mentoring based on perceptions of college students. The surveys included three sections consisting of: six to eight demographic questions, four open-ended opinion questions, and 10 to 12 Likert scale items in-quiring about the student’s perception of the peer mentoring program. A five point Likert scale, where 1 indi-cated that the student strongly disagreed and 5 indicated that the student strongly agreed, was used. Topics in the mentee survey included: resources available at university, understanding of nutrition careers, usefulness of peer mentors, and social networks. Topics included in the mentor survey included: leadership and communication skill building, career development, and social networks. While the mentor and mentee surveys differed slightly, the same surveys were distributed to the 2012 and 2013 classes. Email and verbal messages were used to en-courage survey completion, but the students were made aware that the survey was voluntary and unrelated to their grade in the class.
 
2.4. Statistical Analysis
 
Statistical analysis was performed using the Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows version 21, 2012). Simple descriptive statistics and frequencies were performed. Also, paired t-tests were used to determine if there were any significant differences in the demographic characteristics or the res-ponses about perceptions for the mentees by year enrolled. Since there were no significant differences found, data from 2012 and 2013 classes were merged into one dataset and analyzed. For mentors, visual examination of the demographic data revealed no notable differences between 2012 and 2013.
 
Responses to open ended questions were tallied by the authors. Similar responses were aggregated into larger categories. Students could provide more than one response for a single question; the percentages reported are based on the number of students who made that response out of the total number of student responders, rather than out of the total number of responses.
 
3. Results
 
3.1. Survey Participants
 
Of the 254 eligible mentees, 176 (69%) completed the survey. Almost all (93.8%) were female and 81.8% were dietetics majors. The remaining 20% of students were either applied nutrition or nutritional science majors. Since the majority of students were dietetics majors, in this paper the mentees will be referred to as dietetics students. With respect to class rank, 24.4% reported that they were freshmen, 29.5% were sophomores, 20.5% were juniors, and 25.6% were seniors or post graduates.
 
Of the 24 mentors, 21 completed the survey. Of these respondents, 20 were females and all were dietetics majors.
 
3.2. Perceptions of Mentees
 
The questions about the mentees’ perceptions of peer mentoring and responses to the Likert scale items are pro-vided in Table 2. Over 60% of the responses were categorized as agreement to all but two statements. The ques-
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Table 2. Responses to perception questions by mentees (n = 176).
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	Question
	Strongly
	Disagree
	 
	Neutral
	Agree
	Strongly
	 

	Disagree
	 
	Agree
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 


 
Increased Knowledge of University and Nutrition Major

 
Through the mentoring portion of the class, I learned new information that is/will be useful to me here in college.
 
I felt this mentoring program gave me resources I can use during my time spent in the nutrition and dietetics major.
 
This mentoring program made me feel more prepared to continue with the field of nutrition, both in college and afterwards.


 
 
	2.9%
	7.4%
	18.9%
	45.1%
	25.7%

	2.9%
	11.4%
	12.0%
	48.6%
	25.1%

	3.4%
	12.6%
	15.4%
	49.1%
	19.4%


 

I felt that this mentoring program helped me learn the material presented in class.
 
Benefits of Peer Mentors
 
I felt that I could ask my mentor questions about the field of nutrition.
 
I felt that my mentor had useful information about the field of nutrition.
 
Having a mentor enhanced my experience in Introduction to Nutrition Professions.
 
Looking back, I would consider the mentoring program as a positive experience.
 
Expanded social networks
 
I spoke to another member of my mentoring group (including my mentor) outside of class time, either electronically or face-to-face.


 
 
	3.4%
	14.3%
	17.7%
	50.9%
	14.4%

	1.1%
	5.1%
	11.4%
	42.9%
	39.4%

	1.1%
	4.5%
	13.6%
	51.7%
	29.0%

	2.3%
	11.0%
	25.4%
	37.6%
	23.7%

	0.6%
	4.0%
	22.7%
	49.4%
	23.3%

	12.1%
	33.3%
	9.8%
	30.5%
	14.4%


 

	This mentoring session expanded my friendship networks within
	4.5%
	31.8%
	33.0%
	22.7%
	8.0%
	 

	the major.
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


 
tion with the highest percent of “Agree” or “Strongly Agree” responses was “I felt that I could ask my mentor my questions about the field of nutrition” (82.3%) . All three of the questions with the strongest agreement in-volved distribution of information. Approximately 75% of the students polled agreed or strongly agreed that the mentoring program provided them nutrition resources, that they could ask the mentor questions about the field of nutrition, and that the program was a positive experience that enhanced the class.
 
The question with the lowest percent of “Agree” or “Strongly Agree” responses was “I spoke to another member of my mentoring group (including my mentor) outside of class time, either electronically or face-to -face” (45.1%). Two of the three questions with the weakest agreement involved social experiences. Roughly 30% agreed or strongly agreed that the mentoring session expanded their friendship networks within the major. When students were asked if they would be interested in becoming mentors in the future based on this program, 83% said yes.
 
Students who did not take the class as freshmen were asked if they believed that peer mentoring would have been more helpful if they had. Four of every 5 students agreed or strongly agreed.
 
The most common mentee responses for the short answer question “List three things you have gained in this mentoring session” were: new information about the nutrition field (22.7%), review of class assignments (19.3%), advice from mentors (11.3%), and meeting other people in the nutrition majors (10.8%). Less common answers included: information about volunteer opportunities (7.3%), a place to ask questions (7.9%), and upperclassman contact (3.9%). Students noted that they felt more comfortable asking questions in the small group as opposed to the large lecture hall.
 
The most popular suggestions for the future for peer mentoring included: longer meetings (9.1%), having a set discussion topic (5.1%), and facilitating closer connections between students and mentors (5.1%) . Other sugges-tions included grouping mentees by age or major, rather than alphabetically (4.5%), and setting up one-on-one mentoring rather than group mentoring (4.5%). A few suggested switching groups throughout the semester (1.2%). Many students had no suggestions for change (8.0%).
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3.3. Perceptions of Mentors
 
The mentor perceptions about this mentoring program are presented in Table 3. Similar to the mentees’ percep-tions, there was generally more agreement than disagreement to the Likert style items. The question, “Being a mentor was a valuable experience for me.” was ranked highest among all the questions. Almost all mentors agreed or strongly agreed that this program was a valuable experience, improving their skills, namely commu-nication (18 of 21) and leadership (19 of 21). This perceived benefit of leadership was also demonstrated in the short answer questions. When asked about the most important benefits of mentoring, leadership was free-texted by 12 of the 21 mentors. The fewest “Agree” or “Strongly Agree” responses were for “This mentoring session expanded my friendship networks.” Only eight of the 21 mentors felt that the program expanded their friendship networks.
 
When asked in the short answer questions how their role as a mentor benefitted them, mentors pointed to im-proved leadership skills (n = 12), the ability to support underclassmen (n = 8), improved public speaking skills (n = 7), review of class material (n = 6), and improved communication skills (n = 6). One mentor commented, “When the students look to you for advice, you finally realize that you have a lot more to share and give than you previously thought.” 18 out of 21 mentors said that they would participate as a mentor again in the future. When asked why they would participate, students said they enjoyed helping people and appreciated the know-ledge they gained. Future improvements suggested by mentors included more time to meet with groups (n = 3), more resources during training (n = 2), and grouping students based on age (n = 1).
 
Since admission to a post-undergraduate dietetic internship is the ultimate goal of most dietetic majors, the rates of mentor admission to dietetic internships was reviewed. Dietetic students who served as mentors for In-troduction to Nutrition Professions were more likely to be admitted to a dietetic internship than those who did not serve as mentors. Nationally, only about half of those who apply secure a dietetic internship match (White & Beto, 2013). Figure 1 shows the rates for University of Delaware students. Mentors were accepted at a higher rate compared to students who did not serve as a mentor. Although the influence of being a peer mentor in the acceptance decision cannot be determined by this study, it is recognized that acceptance to an internship pro-gram is based on several criteria with strong leadership and communication skills valued.
 
Table 3. Responses to perception questions by mentors.
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	Agree
	Strongly
	 

	 
	Disagree
	 
	Agree
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


 
Confidence in skills

 
Being a mentor increased my confidence in my leadership skills.
 
Being a mentor increased my confidence in my communication skills.
 
Being a mentor increased my confidence in my public speaking skills.
 
Career development
 
Being a mentor was a valuable experience for me.
 
I feel like I benefitted the students I mentored.
 
Being a mentor increased my knowledge of the field of nutrition.
 
Expanded social networks
 
I communicated with my mentees outside of class, through email or other means.
 
Talking to other mentors helped me in this mentoring session.
 
I felt a sense of closeness with my mentoring group.
 
This mentoring session expanded my friendship networks.


 
 
	21
	0
	1
	1
	11
	8

	21
	0
	1
	2
	11
	7

	21
	0
	0
	5
	10
	6
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	14
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	21
	1
	0
	4
	12
	4

	20
	1
	3
	7
	9
	0
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	4
	8
	8
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Figure 1. Acceptance to dietetic internship.
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4. Discussion and Conclusion
 
To our knowledge this is the first study to document the beneficial effects of cross-year peer mentoring in a rela-tively large FYE course focused on introductory nutrition and dietetics. For mentees, the main advantages were advice and help directly from the mentor and recognition of campus/university and professional resources, and expanded social networks in the major. For mentors, the main benefits were enhanced leadership and communi-cation skills, and career development. Social networks were expanded by both groups. However the expansion was smaller than anticipated. Another possible advantage was the higher chance of acceptance of peer mentors into a dietetic internship programs.
 
4.1. Mentee Benefits
 
Overall, the dietetics mentees responded favorably to the peer mentoring program. The noted benefits fell into three categories: increased knowledge of resources and nutrition careers, appreciation of peer mentoring, and some expanded social networks.
 
Students noted increased knowledge both in school resources and in the field of nutrition. Having knowledge of such school resources as faculty advisors, the library, and student career services was a goal of the course. By recognizing these resources, it is hoped that students will use them to their benefit to become stronger dietetics students. Increased knowledge of the field of nutrition will be helpful to students in the ever changing world of health care. Knowing a dietitian’s role and the jobs he or she is capable of will be important in shaping the field of dietetics in the future. Interestingly, it seems that there is no indication that peer mentors diluted the role of the instructor. Actually, it seemed to enhance it and give students an additional resource, as shown by students reporting that mentors helped them learn the material presented in class and citing review of class work as an important benefit.
 
Mentors are unique from professors in that they are closer to the students’ age and life stage. They are well-suited to give the help that students need because they have recently searched for the same advice. Students felt that this help and advice was an important benefit to the peer mentoring, strengthening the fact that mentors and professors are separate entities.
 
Although this study did not focus on the stress levels of students, as did Lopez, Johnson, and Black (2010) and Li, Wang, Lin, and Lee (2011) in dental and nursing studies, it is hoped that the advice and help from men-tors, along with increased knowledge, would help students feel more confident and less anxious about their fu-tures. Future research on nutrition peer mentoring could include a measure of student stress before and after the mentoring.
 
The benefit of expanded social networks is a piece that needs to be further explored in students. Less than one third of mentees felt that the mentoring program expanded their friendship networks within the major in a Likert style item, and only 45% of mentees reported talking to a member of their mentoring group outside of class; however, in the short answer questions, meeting new people in the nutrition majors was one of the most recog-nized benefits of the program, and several people cited contact with upperclassmen as an important benefit. This contradiction may be explained by students having different definitions of the term “friendship network”. It is possible that they met and shared ideas with new students in the major, but did not consider these new acquain-tances as friends. Future surveys could further define the idea of networks, social interaction, and friendship to obtain more conclusive results.
 
Although these results are positive, it is possible that the mentoring sessions may have been more helpful for some students than for others. Most upperclassmen agreed that the class would have been more helpful to them
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if they had taken it as a freshman. Given this class is designed as an introductory course to give basic informa-tion about the university and the nutrition field, which many upperclassmen already knew. Also, the mentoring was not cross- year for many seniors taking the class; some students were farther along in their studies than their mentors. This type of mentoring might be described better as reciprocal mentoring, in which both students have the chance to ask and answer questions for each other (Topping, 1996). Reciprocal peer mentoring was not the focus of this study, and further research would have to be done on its effectiveness.
 
4.2. Mentor Benefits
 
The mentors perceived several benefits of the mentoring program including but not limited to improved confi-dence in leadership and communication skills, career development, and somewhat expanded social networks. Improved leadership skills could be translated by mentors to the professional world. The majority of mentors agreed that networking with fellow mentors helped them succeed in the program; working and communicating in groups is a skill that is often required of professionals in all fields. Not only were communication skills en-hanced but level of confidence was raised among mentors. This finding was also reported in the paramedic peer mentoring study, which found an increase in communication skills, understanding of the material, and confi-dence (Hryciw, Tangalakis, Supple, & Best, 2013). The hope is that mentors will use these skills in their intern-ships and jobs, enhancing their success in the nutrition field.
 
In a review of the literature, Topping (1996) found the peer mentors gain as much or more than the mentees as they learn by teaching. With a national rate of only about 50% of dietetics students matching for a post-under-graduate dietetic internship, students need every advantage not only in grades but also experiences to prepare them and set them apart as they apply for dietetic internships. The mentors who applied to dietetic internships had about a 20% higher match rate compared to the group as a whole who applied to dietetic internships. The leadership and communication skills honed through serving as a peer mentor could be advantageous for students as they apply to internships and prepare for their career. The Academy of Nutrition and Dietetics has devoted recent journal ar-ticles to the benefits of mentoring (Boyce, 2014; McCollum, 2013; Lipscomb & An, 2010; Mangan, 2012). De-veloping mentoring relationships at an undergraduate level could benefit an individual throughout his/her career as he/she learns to build rapport, and model as well as learn from others. In fact the skills gained can be used to implement peer mentoring with clients. For example, peer mentoring has been successful in breast feeding and weight loss programs as well as outreach nutrition programs such as the expanded Food and Nutrition Education Program and the Special Supplemental Nutrition program for Women, Infants, and Children (Rossman, 2007; Cawley et al., 2011).
 
Like the mentees, the social aspect of mentoring was less important to mentors than other benefits, although mentors reported enjoying giving feedback and advice to their mentees, and most respondents felt that they truly benefitted their mentees. Again, further probing regarding students’ perceptions of social networking and friendships could be useful in explaining the difference in results between Likert style and short answer ques-tions. Considering that social networks are a large part of today’s workplace, any change to the mentoring pro-gram that could increase a student’s social network or networking skills could be a valuable improvement.
 
4.3. Future Directions
 
When asked about improvements to the mentoring experience, students had varied suggestions. Both mentees and mentors suggested grouping students based on age rather than alphabetically. In this class, mentoring groups were a mix of ages, from freshmen to post- graduates. Some students felt that seniors and other upperclassmen should be placed in separate groups so they may discuss issues that relate to them rather than to the freshmen. Although it may be true that upperclassmen have previous knowledge of certain topics, it may be disadvanta-geous to the freshmen and sophomores if the seniors were segregated to a separate group. Mixed age groups are uncommon in many college classes, and the knowledge of the upperclassmen may be valuable to freshmen. The upperclassmen themselves may benefit from acting as informal mentors for the freshmen in their group.
 
Some mentees suggested shuffling the mentoring groups, rather than keeping them the same throughout the semester, as a way to meet more people in the class. Although this would increase the number of introductions, it is possible that this system would obstruct the relationship between mentors and their group. Past research has shown that the longer and more consistent the relationship between mentor and mentee, the more benefit the mentee will receive (Rhodes & DuBois, 2008). It seems that the students agree that stronger relationships are
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better as evidenced by the fact that two of the three most common suggestions for improvement were longer meetings and closer relationships with mentors. An alternative suggestion to switching groups in order to meet more people might be to have two mentoring groups meet together at scheduled times. This arrangement would allow students to meet a greater number of people but maintain the foundation of having the same mentor every class. One student recommended starting a Facebook page for peer mentoring, which is another way that stu-dents could increase social interactions without decreasing group bonding.
 
A few of the mentors requested more resources during the training session. As a result of this study, the in-structor plans to include more instruction for the mentors in the future. The upcoming training sessions will in-clude more role plays, including ice breakers. Now that this Peer Mentoring Seminar class is established, there is greater interest among students to serve as peer mentors. Thus, a more comprehensive application process for choosing mentors will be implemented. A nutrition-kinesiology peer mentoring program established an eight-week training program in which the mentors are trained for the first half of the semester and then meet with their groups for the second half (Khan, Nasti, Evans, & Chapman-Novakofski, 2009). Although this arrangement is not feasible for our program, it is possible to include more training before the mentoring sessions begin, possibly during the semester before mentoring.
 
4.4. Strengths and Limitations
 
The strengths of this research are the relatively large sample size of mentees, the high response rate (69% of mentees and 21 of 24 mentors), and the fact that the data were consistent over two years of mentoring. The sur-vey was validated and reliable. The study is limited because data were only taken from one university. These students may not be representative of all nutrition students nationwide; therefore the results may not be applica-ble to other samples.
 
In conclusion, the study findings document the successful implementation of cross-year peer mentoring in die-tetic curriculum, as evidenced by the majority of both mentees and mentors considering peer mentoring a positive and valuable experience. The benefits of the study have led the University of Delaware to continue with the peer mentoring program with the Introduction to Nutrition Professions course and to explore other courses where peer mentoring could be implemented. Other nutrition undergraduate programs should be encouraged to develop peer mentoring programs.
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Abstract
 
Iron deficiency anemia is the most prevalent nutritional deficiency in the world and food fortifica-tion is a cost-effective approach to combat it. This paper reviews the food fortification process with micronutrients, with special emphasis on iron and the most critical steps and common diffi-culties found when implementing a program. The first step is to measure the magnitude of the problem and the groups affected by iron deficiency and anemia, to determine if there is a need for fortification. Then the adequate iron compound and vehicle should be selected, to obtain a bio-available form of iron in a frequently consumed food item without changing the taste, appearance or cooking characteristics of the final food item or complete meals containing it, to assure the ac-ceptance by consumers. Before implementation, bioavailability studies are in order for the forti-fied food item and for complete meals especially typical or traditional meals, followed by field studies and pilot tests. Once implemented, the program should be monitored and evaluated con-tinuously, and the impact on health assessed periodically to give the program the flexibility for continuation made changes or finalization when necessary. Other key elements for successful im-plementation of food fortification programs include the presence of a viable food industry; availa-ble channels for food marketing and distribution; a health care system to identify and monitor micronutrient malnutrition in the population; institutions for education, treatment and evalua-tion of the impact of the program; and continuous and effective input into the planning, imple-mentation, monitoring and evaluation of the intervention to ensure sustainability of the interven-tion.
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1. Introduction
 
Anemia constitutes the most prevalent nutritional deficiency worldwide, especially in children and women in childbearing age. Anaemia prevalence affects 29% of non-pregnant women, 38% of pregnant women, and 43% of children worldwide [1]. The main cause of anemia in these age groups is iron deficiency. Anemia due to iron deficiency is highly prevalent in developing countries, particularly in Asia, Africa and South America, and is caused by poor dietary iron content and availability for absorption, together with increased requirements (during growth and pregnancy) and losses (especially due to intestinal parasitic infection and menstruation). Iron defi-ciency anemia is associated with poor physical and work performance, cognitive development and increased risk of maternal and perinatal mortality, low size or weight at birth. Given the importance of this pathology in the world, numerous countries conduct interventions to reduce anemia.
 
Iron deficiency is associated with considerable morbidity across the life cycle. In preschool children, iron de-ficiency anemia appears to be associated with potentially irreversible impairments in cognitive development and in school-aged children, iron deficiency anemia is associated with reduced school learning and educational per-formance as well as a controversial role on susceptibility to infections. In adults, anemia has been implicated in difficulties to perform physical work [2].
 
The major causes of iron deficiency include inadequate dietary iron intake due to consumption of a diet with a low iron content, or one that contains inhibitors of iron absorption [3], and increased losses of iron because of chronic blood losses, most commonly due to intestinal hookworm infection. Poor dietary intake and limited bioavailability is considered a major contributor to the global burden of iron deficiency. Populations consuming diets that chiefly comprise cereals such as maize, wheat and rice, with an inadequate intake of iron rich foods, in particular meat, but also legumes, nuts and other vegetables, are at high risk of iron deficiency [4].
 
In 2012, the 65th World Health Assembly approved an action plan and global targets for maternal, infant, and child nutrition, with a goal to reduce to half of the 2011 levels, the anemia prevalence in women of reproductive age by 2015 [5]. Globally the main cause of anemia is iron deficiency and is generally assumed that 50% of anemia cases are due to iron deficiency. Other micronutrient deficiencies including vitamins A and B12, folate, riboflavin and copper could also produce anemia as well as acute and chronic infections including malaria and HIV cancer and diabetes [6] [7].
 
Interventions against micronutrient malnutrition, considered either separately or in any combination, offer a high impact on health and micronutrient deficiencies improvement for a relatively low investment. From a va-riety of possible interventions (fortification, supplementation, food based approaches, change food habits, im-proving public health, genetically modified foods, nanotechnologies) fortification and supplementation are the least expensive interventions. Food fortification is probably the most cost-effective approach and has been proved to have an important impact on anemia prevalence in complete populations especially in the most af-fected age groups [8] although is not free of multiple steps and bottle necks. This paper reviews the food fortifi-cation process with iron and the most critical steps and common difficulties found when implementing a pro-gram.
 
2. Food Fortification
 
Fortification of staple foods and condiments with micronutrients has been used as a public health approach to reduce micronutrient deficiencies for over 100 years in many countries worldwide, showing to be both, cost -ef-fective [9] [10] and effective although progress has been slow. Fortification of food with micronutrients is a va-lid technology for reducing micronutrient malnutrition as part of a food-based intervention and should be re-garded as part of a broader, integrated approach to prevent micronutrient malnutrition, thereby complementing other initiatives to improve micronutrient status. Other initiatives include supplementation, change of food ha-bits, promotion of increased consumption and/or production of food, improvement of health and sanitary condi-tions, biofortification, genetically modified foods and nanotechnologies.
 
Biofortification defined as the use of traditional plant breeding methods or genetic engineering to improve the available iron content of staple food crops, has demonstrated to increase content of zinc, carotenoids and iron in some cultivars [11] and that could be a long-term, sustainable, food-based solution for an increasing world pop-ulation [12] [13]. However, increases in iron content in cereals and reserves in humans have been modest espe-cially due to milling processes the amount of inhibitors of absorption present in flours [14] [15]. Biofortification, genetically modified foods and nanotechnologies need further development, implementation and cost-effec-tiveness data and evaluation to measure their impact on micronutrient deficiencies.
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3. Implementing Food Fortification Programs
 
Implementing a sustainable fortification program is complicated by the fact that national programs consist of numerous components and actors. In each of these steps, there are many details to control and possible difficul-ties and barriers to overcome. The components include the preliminary assessment of nutrient deficiencies (in this particular case, iron), the development of fortification standards and legislation, the acquisition of equip-ment by industrials, the communication strategies and social marketing activities, the quality assurance and con-trol systems and the assessment of the impact of the fortification program on health, especially on anemia and iron deficiency. Each component requires input and consensus from a number of essential organizations, such as government ministries, nutrition and health institutes, research and academic institutions, standards bureaus, in-dustry partners, civil society and international agencies.
Table 1 shows the basic steps for implementing a fortification program. The first one is to measure the mag-nitude of the problem and the groups affected by iron deficiency and anemia, to determine if there is a need for fortification. Then the adequate iron compound and vehicle should be selected, to obtain the most convenient bioavailabitiy: cost ratio. The fortification procedure should not change the taste, appearance or cooking charac-teristics of the final food item or complete meals containing it, to assure the acceptance by consumers. Before implementation at regional or national level bioavailability studies are in order for the fortified food item and for complete meals, especially typical or traditional meals followed by field studies and pilot tests. Once imple-mented, the program should be monitored and evaluated continuously, and the impact on health assessed pe-riodically to give the program the flexibility for continuation made changes or finalization when necessary.
 
Other key elements for successful implementation of food fortification programs include 1) the presence of a viable food industry; 2) available channels for food marketing and distribution; 3) a health care system that can help identify and monitor micronutrient malnutrition in the population; 4) institutions to provide education and treatment for deficiencies and to evaluate for instance, the impact of a food fortification program with iron on hemoglobin, ferritin and/or serum transferrin receptor concentrations and on anemia and iron deficiency preva-lence; and 5) continuous and effective input into the planning, implementation, monitoring and evaluation of the intervention to help ensure sustainability of the intervention [16].
 
Reviewing some aspects of each step, it is important to determine the need for fortification, analyze if one of more nutrients are needed and if it is possible to add them in the same food item, and select the best fortification vehicle. Any fortification program should be based on a demonstrated need for increasing the intake of an essen-tial nutrient in one or more population groups. It is necessary to obtain data about clinical or subclinical evi-dence of deficiency, estimates indicating low levels of intake of nutrients or possible deficiencies likely to de-velop because of changes in food habits. Ideally this information should be obtained from National health or nu-trition surveys designed to answers those questions for the fortification program. If that kind of studies is not available or feasible, recent information on National food consumption data, household income and expenditure surveys (HIES), panel surveys, fortification rapid assessment tool (FRAT), FAO food balance sheets, demo-graphic health surveys and/or industry information could be used. National policy documents, stakeholders or
 
Table 1. Basic steps in a food fortification program.
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industry reports, end project evaluations and published data on sentinel, efficacy, or effectiveness studies could complement the information [17].
 
Fortification rapid assessment tool (FRAT) is a combination of a simplified 24 hours recall and food fre-quency questionnaire that could be implemented as stand-alone survey or onto an existing survey. FRAT col-lects representative quantitative data from household level, indicating consumption of potential food vehicles and some qualitative data on the use and availability of food vehicles, although it does not measure intake of micronutrients. Household consumption and expenditures surveys have been recently validated as tools for es-timating the impact of fortified staple foods [18] [19].
 
To determine if mandatory or voluntary fortification is likely to be the most appropriate option it is necessary to know the significance of the public health need, being necessary to implement a mandatory program as the nutritional deficiency is more prevalent. The size and scale of the food industry sector, the political environment as well as food consumption patterns are key for both types of programs, while the level of awareness among the population about nutritional needs is more critical in case of voluntary fortification programs [17] . Knowing these factors will not only allow countries to decide if the program should be mandatory or voluntary, but also to decide if it should be a mass/universal approach or targeted to a particular region or group of population (preg-nant women, children).
 
Once identified the nutritional needs and the magnitude of the problem, selection of the adequate iron com-pound or micronutrient mixture is key for a program to be successful.
 
Fortification with iron is technically difficult because iron reacts with food components. It is important to se-lect an iron compound that is well absorbed and at the same time that does not change the organoleptic characte-ristics of the fortified item or the meals that contain the fortified food. It is also important, especially to avoid overconsumption of iron, considerations such as the distribution of iron across meals, storage under hot and hu-mid conditions and segregation during mixing and storage [20]. In the case of flour fortification, for the choice of the best compound it is necessary to know the characteristics of the food item (for example corn or wheat flours), but also the procedure(s) involved in the production of the flour or sub products, the preparation of the bread or fortified product and also when included as part of a complete meal.
 
For most food vehicles the recommended iron fortificants include: ferrous sulfate, ferrous fumarate, encapsu-lated ferrous sulfate or fumarate. Electrolytic iron and ferric pyrophosphate have been also used, but they need to be added at twice the amount of ferrous sulfate. The co-addition of ascorbic acid is rather common in some fortification programs and is intended to enhance iron absorption. NaFeEDTA is recommended for the mass for-tification of high-phytate cereal flours and for sauces with high peptide content (e.g. fish sauce, soy sauce) and ferrous bisglycinate, micronized ferric pyrophosphate and ferric ammonium citrate have been used to fortify liq-uid milk and dairy products, [21] [22].
 
Highlighting the importance of the selection of a bioavailable iron compound, a review of current wheat flour fortification programs in 78 countries conclude that the main reason for predicting little effect on iron status is the failure to specify a bioavailable iron compound. In most of these programs, millers are likely to use atomized or hydrogen-reduced iron powders because of their low cost and good sensory properties [4].
 
The next critical step is the selection of the food vehicle. It should be consumed by most of the population, especially the groups at greatest risk of deficiency. The consumption of the item or meals that contain it should be regular, adequate and in consistent amounts to deliver the required amounts of iron, but at the same time to avoid overconsumption and iron toxicity. The compatibility between the food item and fortification mix is also important. The mixing and distribution of the fortification mix should be a simple, inexpensive process that en-sures a homogeneous distribution in the food item. The vehicle should be centrally processed in order to facili-tate implementation of quality control measures and monitoring and evaluation procedures. In general, but espe-cially in the case of fat containing foods or whole flours, the fortified item should be consumed relatively soon after production and purchasing to maintain its organoleptic characteristics and nutritional content.
 
Cereal flours (wheat and maize) are currently the most common vehicles for iron fortification to reach the general population. Rice is an important staple food for more than half of the population of the world, most of them living in underdeveloped countries with high incidences of micronutrients deficiencies. Polished rice has a low iron content and the efforts to fortify rice have been intense for more than 20 years. Several techniques have been developed and reported including dusting, coating, hot extrusion and cold extrusion and the impact of rice fortification programs with iron, has been positive but susceptible to improvements [23] [24].
 
There have been interesting efforts for fortification of condiments: curry powder, fish sauce, soy sauce, sugar
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and salt, especially with NaFeEDTA [25]-[33]. Some advantages of fortifying condiments include that they are part of the daily diet in most countries, widely consumed, reach vulnerable populations, can be added to multiple foods and can be combined with fortified staple foods [34] . However, those characteristics also made them prone to overconsumption and at risk of excessive iron intake.
 
The inclusion of more than one micronutrient in the same food item could be desirable and practical. In addi-tion to treat or prevent iron deficiency and anemia, fortification could be a good opportunity to control vitamin A, iodine or other micronutrient deficiencies that may coexist in many populations. The micronutrients and the amounts to be added will primarily depend on the prevalence of deficiency (ies) and the magnitude of the prob-lem. The decision should not be based on the number of nutrients that a particular food item will “accept”, but in the actual needs of the population. Then, considerations about biochemical characteristics of the micronutrient(s) or interactions between them or with the food item should be analyzed. This includes active form of compounds, pH, interactions, changes in organoleptic properties of the final product, etc.
 
In relation with the food item to be fortified the nutrient composition, as well as the natural content of inhibi-tors (phytates, polyphenols, calcium) or enhancers of iron absorption (vitamin C, betacarotene) should be deter-mined as well as the possible variations during industrial processing or household preparation, either losses (i.e. vitamin C) or increases (i.e. calcium or niacin during nixtamalization).
 
The interrelation in micronutrients metabolism and utilization is well known. The deficiency in one micronu-trient can impair the utilization of another, as well as improving nutritional status of one micronutrient may have wider benefits on health. For example, vitamin A and iron metabolisms are affected by the deficiency of the other and goitre is more resistant to improvement by iodine supplementation in the presence of iron deficiency [35]-[38]. Deficiencies of vitamin B12, folate, riboflavin and several other micronutrients can also contribute to anemia, while vitamin C and carotenoids improve iron absorption [17] [39].
 
Before implementation of a fortification program, either universal or targeted, there are several test and stu-dies that need to be done. First the acceptability in appearance, taste and shelf life of the fortified food and meals containing it should be performed at pilot scale to assure acceptance of the product or meals by consumers. It is desirable to test the fortified product to the limit, in the sense of preparation, temperature and storage conditions. For example, controlled conditions for arepa preparation from fortified precooked corn flour in Venezuela, showed no changes in organoleptic characteristics for most of the regions and conditions of preparation tested. However, in one region of the country where arepas were prepared the day before consumption and with water with high-mineral content, the arepas turned green and were rejected by consumers. Second in vitro and in vivo tests of iron or micronutrient bioavailability from fortified food and meals are required, followed by small scale field studies, to determine that the fortified food is well accepted and tolerated, that iron is in the food and also, and more importantly that it is absorbed and utilizable.
 
The program is then implemented but this is not the end of the process, since it is necessary to measure the impact of the program and monitor and evaluate it. To evaluate the impact of the program on anemia prevalence, a baseline prevalence of anemia and iron deficiency is required. This information is probably available from the initial surveys and data sources used to justify and implement the fortification program. If the information is not available, prevalence of deficiency (ies) in a representative sampling should be determined before implementing the program to be able to measure impact once the program is started.
 
Despite its low sensibility and sensitivity, the biochemical parameter needed to measure the prevalence of anemia is the concentration of hemoglobin. Other indicators that could be used besides hemoglobin are serum ferritin concentration, transferrin receptor or zinc protoporphyrin [40] [41] . For example, it has been indicated that serum ferritin assesses storage iron, while serum iron and percentage of transferrin saturation reflect iron supply to tissues. Serum transferrin receptors, erythrocyte ferritin and red cell zinc protoporphyrin are indicators of iron supply to bone marrow. There are other indicators related to the consequences of anemia and iron defi-ciency that could also be evaluated such as annual productivity losses (Fe), physical and cognitive function, ma-ternal morbidity and morbility.
 
If the program was implemented with other approaches to improve nutrition or public health, they should be addresses and measured. Those measures include the control of conditions that favor iron or other micronutrient deficiencies i.e., infections (malaria especially), hookworm infections and absorption problems as well as im-provement of sanitation and living conditions and the promotion of measures such as delayed cord clamping and nutrition education.
 
Besides from a well-planned and structured fortification program there are some social considerations to take
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into account to improve the coverage of the program in order to reach people with limited access to fortified food. It is important to explore the barriers (i.e. living from own production, obtaining the flour from small mills not fortifying or for economic reasons) that could be preventing equal access to fortified products among the most vulnerable and implement social protection initiatives to provide fortified products.
 
There are some key additional issues that could help to accelerate fortification programs such as having legis-lation about fortification (not only when mandatory or universal, but also for voluntary fortification initiatives), the commitment of industrials, the acquisition of factory equipment and training of personnel, building labora-tory capacities and obtaining the adequate, certified micronutrient premix.
Difficulties and challenges will arise and program planners must react by redesigning the complete program or by modifying how a program component is implemented, whether if they are internal factors, such as inade-quate compliance in quality assurance or monitor systems, or external factors, such as fluctuations in fortifica-tion premixes, changes in consumption patterns, market shifts or the arrival of unfortified cheaper products [17].
 
Once the program is implemented, monitoring and evaluation is in order to provide ongoing information on the progress of implementation and to measure the health impact among intended beneficiaries. Monitoring is the continuous, ongoing collection, review, analysis, and use of information and outcomes, to assess how the program is performing against predefined criteria. The objectives when monitoring a fortification program are to ensure that fortified foods meet nutrient content and safety standards, to study access, utilization and coverage of fortified foods by consumers and to effectively manage and sustain the fortification program to eliminate vita-min and mineral deficiencies. Evaluation is the objective assessment of a program that covers its need, design, implementation, effectiveness, efficiency and sustainability. In evaluating a program the aims are to analyze why intended impacts were or not achieved, to explore unintended results and to inform practice, decision-making and policy [42] [43].
 
Designing a monitoring and evaluation framework for an iron fortification program is not a simple task and there is not a preconceived model. It needs to respond to each country reality in terms for example of aspects food industry, population consumption habits or geographical location. It has to be periodical and able to re-spond to the variations of the program and to political or economic changes in a country or region.
Reviewing literature about country experiences and meeting reports, besides from determining the magnitude of the iron deficiency and anemia problem, searching for the right biochemical marker to measure impact and the need to select bioavailable iron compounds, there is also a coincidence about the need to reinforce the areas of regulatory monitoring, household/individual monitoring and evaluation, and communication and social mar-keting, as areas usually neglected or not prioritized.
 
4. Concluding Remarks
 
Food fortification programs are the most cost-effective approach to combat iron deficiency and anemia in com-bination with other initiatives that include control of diseases, improvement of sanitation and quality of life, supplementation, food fortification, change of food habits, improvement of micronutrient content of staples crops through biofortification, genetically modified foods, nanotechnologies and nutritional education. These strategies are complementary, with their relative importance depending on local conditions and the specific local needs.
 
Although an effective approach, fortification with multiple micronutrients should be based on analysis of population needs, proper food vehicle and fortification mixtures. Making a food item a “medicine or supplement” is not desirable and for practical and coverage reasons it is also interesting to consider fortifying more than one food item.
 
Despite all the efforts and improvement in fortification programs worldwide, they have had a low impact in the reduction of anemia in some populations. The reasons are related to low consumption of the food item, the iron compound used, weak or nonexistent enforcement of regulations and quality control systems and poor manufacturing techniques and standards.
 
Fortification programs MUST be susceptible to constant evaluation and CHANGED (based in evidence), in order to make decisions to adjust, maintain, expand or terminate the programs, as needed. Even in presence of unstable political, social and economic conditions, countries must take the next steps to secure the continuity or sustainability of their programs.
National fortification programs take time to establish and their long-term success require active and conti-nuous improvements and a rapid capacity for response and change, based in data from constant monitoring and evaluation in order to remain effective and relevant.
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Abstract
 
A nutritional intervention for 8 weeks was conducted in the elderly (>65 y) living in nursing homes in Shanghai, who showed body weight within the normal range but albumin levels of <35 g/L. The intervened took 400 kcal/day of a balanced liquid nutrition formula containing casein as a major protein source (90% of total protein) in addition to their daily diets, while the non-inter-vened took only daily diets. Daily diet intakes during the trial were 1738 ± 240 kcal/day in the in-tervened and 1612 ± 187 kcal/day in the non-intervened. The energy intake in the intervened was compensated for by reducing their daily diets, which resulted in a similar level to that in the non-in-tervened. This intervention resulted in intakes of protein and carbohydrate being significantly in-creased: P16.4%, F27.3%, C56.3% in the intervened; P13.0%, F36.3%, C50.7% in the non- inter-vened. Albumin level of the intervened increased from 32.7 ± 3.1 g/L to 37.3 ± 1.9 g/L, while it did not significantly change in the non-intervened: 30.0 ± 4.2 g/L to 31.3 ± 4.6 g/L. Using GNRI (geria-tric nutritional risk index), nutritional risk levels were assessed; GNRI of the intervened signifi-cantly improved from 88.7 ± 6.3 (intermediate risk) to 95.7 ± 4.5 (low risk), while its status did not change in the non-intervened: 84.6 ± 7.7 (intermediate risk) to 86.5 ± 7.9 (intermediate risk). The intervention using a casein-based balanced liquid nutrition formula effectively improved pro-
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tein-malnutrition in the elderly. This result suggests that a casein-based balanced liquid nutrition formula is an effective nutrition source that can be applied to a nutritional program to improve malnutrition of the elderly.
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1. Introduction
 
It is often noted that dietary intakes of the elderly do not provide necessary amounts of energy and protein. If a lack of energy and protein intake persists, it can lead to protein-energy malnutrition (PEM). PEM is a cause of a variety of health-related problems such as impaired daily life activity, decreased cure rate, increased incidence of complications, and prolonged hospitalization period [1]-[4]. PEM also deteriorates immune function of the elderly, which results in increased incidence of infectious diseases that affect life expectancy [5].
 
The prevalence of PEM in Japan is reported to be 40% among the hospitalized elderly and 30% among the home-care elderly [6] . In Europe, it is reported that the prevalence of PEM ranges from 20% to 50% [7]-[9]. It should be recognized that PEM is the major concern regarding nutritional problems of the elderly in many coun-tries. To avoid PEM and PEM-related problems in the elderly, it is necessary to prevent aggravation of an early stage of malnutrition that leads to PEM [10]-[12].
 
PEM is defined by decreases in both serum albumin and body weight [13] [14]. For example, PEM classified as “low grade” is associated with albumin levels of 31 to 34 g/L and body weight levels of 85% to 90% of the ideal body weight. If no serious complications are involved, low levels of albumin without a decrease in body weight define this type of nutritional status as hypoalbuminemia or protein-malnutrition, which is caused by lo-wered dietary protein intakes [15]. If protein-malnutrition persists, it causes a loss of body weight, and subse-quently deteriorates into PEM. Therefore, protein-malnutrition should be recognized as a preliminary step to-wards PEM, and it should be ameliorated by improving nutritional intake.
 
In this report, we describe a nutritional intervention trial performed in nursing homes for the elderly in Shanghai. The subjects’ body weights were within the normal range, but their albumin levels were below 35 g/L, which revealed that they were suffering from protein-malnutrition. We conducted nutritional intervention for 8 weeks by using a balanced liquid nutrition formula as a nutritional support, whose major protein source is casein (90% of total protein) . The results show that the intervention effectively improved protein-malnutrition. Along with the improvement of protein-malnutrition, nutritional risk levels were also improved.
 
2.  Experimental Methods
 
2.1.  Ethical Statement
 
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all proce-dures involving human subjects were approved by the Human Ethics Committee of Shuguang Hospital, Shang-hai University of Traditional Chinese Medicine.
 
2.2. Subjects
 
The elderly over 65 year old living in nursing homes adjunct to Shuguang Hospital, Shanghai University of Tra-ditional Chinese Medicine and Shanghai No 3 Social Welfare Institution were enrolled. The participants were selected from among the elderly living without daily living aids based on their albumin levels (<35 g/L) and health conditions. The number of participants and their age distribution are shown in Table 1.
 
2.3. Balanced Liquid Nutrition Formula
 
Meibalance HP 1.0 (200 kcal/200 ml/package, Meiji Co. Ltd., Tokyo, Japan) was used as a balanced liquid nu-trition formula. Its nutritional data are shown in Table 2. The protein in this balanced nutrition formula was con-
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Table 1. Gender ratio and age distribution.
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	Intervened
	Non-intervened
	 

	 
	 
	 
	 

	Number
	15
	15
	 

	Male:Female
	7:8
	6:9
	 

	Age
	70.1 ± 3.3
	71.5 ± 2.5
	NS
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Data are shown as average ± standard deviation. NS: Not statistically significant.
 
Table 2. Nutritional components (per 100 ml).
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	Energy
	kcal
	100

	 
	 
	 

	Protein
	g
	5.0

	(Casein)
	 
	(4.5)

	(Whey protein)
	 
	(0.5)

	Lipid
	g
	2.5

	Carbohydrate
	g
	14.1

	Fiber
	g
	1.2

	Vitamin A
	μg RE*
	60

	Vitamin D
	μg
	0.5

	Vitamin E
	mg
	3.0

	Vitamin K
	μg
	5.0

	Vitamin B1
	mg
	0.15

	Vitamin B2
	mg
	0.20

	Niacin
	mg NE*
	2.8

	Vitamin B6
	mg
	0.30

	Folic acid
	μg
	50

	Vitamin B12
	μg
	0.60

	Biotin
	μg
	15.0

	Pantotenic acid
	mg
	0.60

	Vitamin C
	mg
	16

	Choline
	mg
	1.8

	Na
	mg
	110

	K
	mg
	100

	Cl
	mg
	110

	P
	mg
	70

	Ca
	mg
	70

	Mg
	mg
	30

	I
	μg
	15

	Fe
	mg
	1.0

	Mn
	mg
	0.23

	Cu
	mg
	0.050

	Zn
	mg
	1.0

	Se
	μg
	6

	Cr
	μg
	3.0

	Mo
	μg
	2.5


[image: ] 
 
*RE, retinol equivalent; NE, niacin equivalent.
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trolled so as to consist of 90% cow milk casein and 10% cow milk whey proteins, cf. the ratio of casein (80%) and whey proteins (20%) in cow milk.
 
2.4. Intervention
 
The intervened took 2 packages of Meibalance (400 kcal) in a day in addition to their daily diets (breakfast, lunch, dinner, and snacks): 200 kcal before or after lunch and 200 kcal before bedtime. Nutritional instructions were applied to the intervened to reduce their daily diets by 400 kcal. The non-intervened group took only their daily diets (breakfast, lunch, dinner, and snacks). The intervention period lasted 8 weeks.
 
2.5. Meal Survey
 
Physical measurements and blood biochemical measurements were performed at 0, 4, and 8 weeks in the inter-vened, while they were performed at 0 and 8 weeks in the non-intervened. Blood collection was performed at 8 a.m. before breakfast. Collected blood was applied to analyses at the hospitals with which the participants were associated.
 
2.6. Measurements
 
Physical measurements and blood biochemical measurements were performed at 0, 4, and 8 weeks in the inter-vened, while they were performed at 0 and 8 weeks in the non-intervened. Blood collection was performed at 8 a.m. before breakfast. Collected blood was applied to analyses at the hospitals with which the participants were associated.
 
2.7. Nutritional Risk Assessment
 
Nutritional risks were assessed with GNRI (geriatric nutritional risk index) [16] using the following equation. GNRI = 1.489 × albumin (g/L) + 41.7 × body weight/ideal body weight
 
Ideal body weight was calculated using Lorentz equations [16].
 
Male: height − 100 − (height − 150)/4
 
Female: height − 100 − (height −150)/2.5
 
When the body weight/ideal body weight ratio was >1, body weight/ideal body weight = 1 was used as de-scribed in the original report [16].
 
GNRI risk levels are classified as follows: high risk, <82; intermediate risk, 82 to <92; low risk, 92 to ≤98; no risk, >98 [16].
 
2.8. Statistical Analysis
 
Statistical analysis was performed using IBM SPSS Statistics 20 (IBM, Tokyo, Japan). The difference between two paired samples was tested by the paired t test. The difference between two independent samples was tested by the standard t test. The Bonferroni method for multiple comparisons was used to examine the difference in the time courses of albumin levels and GNRI.
 
3. Results
 
3.1. Nutritional Intake
 
Energy intakes in the intervened and non-intervened were 1738 ± 240 kcal and 1612 ± 187 kcal, respectively. There was no significant difference between them (Table 3). Intakes of the three major nutrients in the interven-ed were as shown in Table 3. Protein and carbohydrate intakes were significantly higher in the intervened than in the non-intervened.
 
3.2. Nutritional Assessment
 
Markers measured for nutritional assessments are shown in Table 4. Differences of the measured figures be-tween 0 and 8 weeks are shown in Table 5.
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Table 3. Calorie intakes.
[image: ] 
 
	 
	 
	 
	Calorie intake (kcal)
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	Intervened
	 
	Non-intervened
	p
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Total
	1738
	± 240
	1612
	± 187
	 
	 

	Protein
	285
	± 62
	210
	± 47
	*
	 

	 
	 

	Fat
	475 ± 160
	585 ± 232
	 
	 

	Carbohydrate
	978
	± 18
	817
	± 71
	**
	 

	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	Calorie ratio (%)
	 
	 

	 
	 
	 
	 
	 
	 

	 
	Intervened
	 
	Non-intervened
	 
	 

	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Protein
	16.4
	13.0
	 
	 

	Fat
	27.3
	36.3
	 
	 

	Carbohydrate
	56.3
	50.7
	 
	 


[image: ] 
 
Data are shown as average ± standard deviation. Statistical significance is shown by asterisks: *p < 0.05; **p < 0.01.
 
3.2.1. Physical Measurement
 
By the intervention, body weight, BMI, arm circumference and arm muscle circumference increased (Table 4 and Table 5). In the non-intervened, there were no such increases.
 
3.2.2. Blood Biochemical Analysis
 
In the intervened, albumin levels significantly increased; at the start of intervention, albumin level was below normal (32.7 ± 3.1 g/L), and at the end it was within the normal range (37.3 ± 1.9 g/L) (Table 4 and Table 5). In the non-intervened, no significant increase in albumin levels was seen.
 
3.2.3. Electrolytes and Trace Elements
 
Among electrolytes and trace elements, the most significant increase was seen in Mg in the intervened, while the change in Mg in the non-intervened was much lower (Table 4 and Table 5).
 
3.3. Geriatric Nutritional Risk Index (GNRI)
 
To classify the nutritional risk, GNRI was employed. In the intervened, GNRI improved from 88.7 ± 6.3 to 95.7
 
±  4.5 in the intervened; at the start of intervention, it was classified as intermediate risk (GNRI = 82 to <92) and improved to low risk (GNRI = 92 to ≤98) (Table 4). In the non-intervened, there was no significant change in GNRI. GNRI remained at the intermediate risk level during the trial period: 84.6 ± 7.7 to 86.5 ± 7.9 (Table 4).
 
3.4. Time Course of Intervention
 
The time course of intervention was analyzed regarding changes in albumin levels and GNRI at the time points of 0, 4, and 8 weeks during the intervention. Both albumin levels and GNRI significantly increased at 4 weeks, and then seemed to level off (Figure 1).
 
4. Discussion
 
This report describes a nutritional intervention study of the elderly living in nursing homes in Shanghai by em-ploying a balanced liquid nutrition formula containing casein as a major protein source (90% of total protein). The elderly who participated in this study were suffering from hypoalbuminemia or protein-malnutrition as as-sessed by an albumin level below 35 g/L. During the intervention period, liquid formulas were added to their daily diets. By this intervention, their albumin levels recovered to well above 35 g/L, and nutritional risk levels improved as well.
[image: ] 
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	Table 4. Physical and biochemical measures.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Unit
	 
	Intervened
	 
	p
	 
	Non-intervened
	 
	p
	Week 0
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Week 0
	Week 8
	Week 0
	Week 8
	p
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Height
	cm
	162.6 ± 8.7
	 
	 
	 
	163.9 ± 9.3
	 
	 
	 
	 
	 

	 
	Weight
	kg
	62.8
	± 11.1
	63.9
	± 11.1
	***
	59.5
	± 10.9
	59.1
	± 10.5
	 
	 
	 

	 
	 
	 
	 
	 

	 
	BMI
	kg/cm2
	23.9
	± 4.5
	24.3
	± 4.6
	***
	22.0
	± 2.6
	21.9
	± 2.5
	 
	 
	 

	 
	AC
	cm
	27.2
	± 3.7
	28.5
	± 3.9
	***
	24.3
	± 4.4
	24.0
	± 4.2
	 
	 
	 

	 
	 
	 
	 
	 

	 
	TSF
	mm
	15.6
	± 1.4
	16.1
	± 1.0
	 
	18.1
	± 5.5
	17.9
	± 5.5
	 
	 
	 

	 
	AMC
	cm
	22.3
	± 3.4
	23.5
	± 3.7
	**
	18.6
	± 4.1
	18.4
	± 4.1
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Total protein
	g/L
	66.4
	± 2.5
	66.1
	± 3.8
	 
	63.1
	± 4.9
	63.7
	± 7.5
	*
	 

	 
	 
	 
	 
	 

	 
	Albumin
	g/L
	32.7
	± 3.1
	37.3
	± 1.9
	***
	30.0
	± 4.2
	31.3
	± 4.6
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Transthyretin
	mg/L
	266.5
	± 36.1
	244.9
	± 30.4
	*
	237.8
	± 36.1
	218.0
	± 32.3
	*
	 

	 
	 
	 
	 
	 

	 
	Transferrin
	g/L
	2.39
	± 0.38
	2.26
	± 0.51
	 
	2.02
	± 0.64
	1.76
	± 0.49
	 
	 
	 

	 
	RBP
	mg/L
	63.1
	± 9.9
	62.5
	± 13.0
	 
	58.5
	± 9.2
	64.4
	± 8.8
	**
	 
	 

	 
	 
	 
	 
	 

	 
	Hb
	g/L
	135.0
	± 12.2
	139.4
	± 11.4
	 
	121.1
	± 19.6
	119.3
	± 19.6
	*
	 

	 
	 
	 
	 
	 

	 
	GNRI
	 
	88.7
	± 6.3
	95.7
	± 4.5
	***
	84.6
	± 7.7
	86.5
	± 7.9
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	Creatinine
	μmol/L
	70.1
	± 16.4
	66.9
	± 16.3
	 
	56.5
	± 21.9
	56.5
	± 21.4
	 
	 
	 

	 
	BUN
	mmol/L
	6.5
	± 1.9
	6.3
	± 1.4
	 
	5.7
	± 1.6
	5.9
	± 2.1
	 
	 
	 

	 
	HydPro
	μg/mL
	16.99
	± 5.02
	14.46
	± 1.87
	 
	18.14
	± 3.43
	16.47
	± 2.07
	*
	 
	 

	 
	 
	 
	 
	 

	 
	Total Chol
	mmol/L
	4.95
	± 0.87
	5.23
	± 0.86
	 
	4.51
	± 1.04
	4.60
	± 1.07
	 
	 
	 

	 
	TG
	mmol/L
	1.32
	± 0.66
	1.39
	± 0.66
	 
	1.03
	± 0.45
	1.07
	± 0.47
	 
	 
	 

	 
	APO A-I
	g/L
	1.04
	± 0.12
	1.12
	± 0.13
	 
	1.03
	± 0.18
	0.99
	± 0.17
	 
	 
	 

	 
	Leucocyte
	×109 /L
	5.9
	± 1.5
	5.9
	± 2.2
	 
	6.1
	± 1.8
	6.8
	± 2.1
	 
	 
	 

	 
	Erythrocyte
	×1012/L
	4.27
	± 0.38
	4.39
	± 0.37
	 
	3.84
	± 0.47
	3.84
	± 0.56
	 
	 
	 

	 
	Na
	mmol/L
	140.5 ± 4.3
	138.3 ± 2.3
	**
	140.1 ± 2.3
	139.3 ± 2.3
	 
	 
	 

	 
	 
	 
	 
	 

	 
	K
	mmol/L
	4.1
	± 0.3
	4.2
	± 0.3
	 
	4.0
	± 0.6
	4.1
	± 0.6
	 
	 
	 

	 
	Cl
	mmol/L
	104.3 ± 2.2
	103.2 ± 2.3
	 
	101.8 ± 4.6
	105.0 ± 4.0
	*
	 
	 

	 
	 
	 
	 
	 

	 
	Ca
	mmol/L
	2.19
	± 0.10
	2.24
	± 0.11
	*
	2.15
	± 0.07
	2.17
	± 0.10
	 
	 
	 

	 
	 
	 
	 
	 

	 
	Mg
	mmol/L
	23.3
	± 1.3
	36.9
	± 3.3
	***
	23.6
	± 1.4
	25.3
	± 6.6
	 
	 
	 

	 
	 
	 
	 
	 

	 
	P
	mmol/L
	1.16
	± 0.22
	1.12
	± 0.16
	 
	1.21
	± 0.14
	1.19
	± 0.13
	 
	 
	 

	 
	Cu
	μg/L
	949.3
	± 180.8
	1136.5
	± 415.0
	 
	957.3
	± 211.0
	1059.6
	± 218.9
	 
	 
	 

	 
	Zn
	μg/L
	928.5
	± 145.8
	1024.5
	± 109.6
	*
	801.7
	± 132.8
	849.5
	± 117.7
	*
	 

	 
	 
	 
	 
	 

	 
	Se
	μg/L
	132.0
	± 20.4
	117.9 ± 8.3
	**
	112.4 ± 6.6
	112.3 ± 3.3
	**
	 

	 
	 
	 
	 
	 


[image: ][image: ] 
 
Data are shown as average ± standard deviation. Comparisons were made between the start and end point of the trial in each group, and between the two groups at the start of trial. Statistical significance is shown by asterisks: *p < 0.05; **p < 0.01; ***p < 0.001. Normal ranges: Total protein, 65 - 85 g/L; Albumin, 35 - 55 g/L; Transthyretin, 200 - 400 mg/L; Transferrin, 2.4 - 4.0 g/L; RBP, 25 - 70 mg/L; Hb, 110 - 165 g/L; Creatinine, 30 - 120 μmol/L; BUN, 2.4 - 7.1 mmol/L; Total Chol, 3.1 - 5.7 mmol/L; TG, 0.6 - 1.7 mmol/L; APO A-I, 0.9 - 1.76 g/L; Leucocyte, 4 - 10 × 10 9/L; Erythro-cyte, 3.5 - 5.5 × 1012/L; Na, 135 - 147 mmol/L; K, 3.6 - 5.1 mmol/L; Cl, 96 - 108 mmol/L; Ca, 2.1 - 2.8 mmol/L; Mg, 20 - 40 mmol/L; P, 0.81 - 1.6 mmol/L; Cu, 750 - 1800 μg/L; Zn, 720 - 1800 μg/L; Se, 103 - 190 μg/L.
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Table 5. Changes from start to end measures.
[image: ] 
 
	 
	 
	Intervened
	 
	Non-intervened
	p
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Weight
	1.1
	± 1.0
	 
	−0.4
	± 1.1
	***
	 

	 
	 
	 
	 

	 
	BMI
	0.4
	± 0.4
	 
	−0.1
	± 0.4
	***
	 

	 
	 
	 
	 

	 
	AC
	1.4
	± 1.2
	 
	−0.3
	± 0.8
	***
	 

	 
	 
	 
	 

	 
	ATS
	0.4
	± 1.2
	 
	−0.2
	± 0.5
	 
	 

	 
	AMC
	1.2
	± 1.4
	 
	−0.2
	± 0.8
	**
	 

	 
	 
	 
	 

	 
	Total protein
	−0.3
	± 2.6
	 
	0.5
	± 7.9
	 
	 

	 
	Albumin
	4.5
	± 2.1
	 
	1.3
	± 4.8
	*
	 

	 
	 
	 
	 

	 
	Transthyretin
	−21.5
	± 38.3
	 
	−19.8
	± 40.2
	 
	 

	 
	Transferrin
	−0.13
	± 0.60
	 
	−0.25
	± 0.83
	 
	 

	 
	RBP
	−0.6 ± 18.8
	5.9
	± 6.1
	 
	 

	 
	Hb
	4.4 ± 14.1
	 
	−1.7 ± 15.0
	 
	 

	 
	GNRI
	7.0
	± 3.3
	 
	3.5
	± 8.2
	*
	 

	 
	 
	 
	 

	 
	Creatinine
	−3.2
	± 6.7
	 
	−0.1 ± 25.7
	 
	 

	 
	BUN
	−0.2
	± 2.9
	 
	0.1
	± 1.1
	 
	 

	 
	HydPro
	−2.53
	± 5.44
	 
	−1.68
	± 2.67
	 
	 

	 
	Total Chol
	0.
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