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Abbreviations

B/A before-after study

Cl confidence interval

MD mean difference

RCT randomized controlled trials

SMD standardized mean difference
LCPUFA long-chain polyunsaturated fatty acid
n-6 LCPUFAs:

LA linoleic acid (C18:2n-6)

GLA y-linolenic acid (C18:3n-6)
DHGLA dihomo-y-linolenic acid (C20:3n-6)
AA arachidonic acid (C20:4n-6)

n-3 LCPUFAs:

ALA a-linolenic acid (C18:3n-3)

EPA eicosapentaenoic acid (C20:5n-3)
DPA docosapentaenoic acid (C22:5n-3)

DHA docosahexaenoic acid (C22:6n-3)



1. Introduction

“..it is necessary, while formulating the problems of
which in our further advance we are to find the
solutions, to call into council the views of those of
our predecessors who have declared any opinion on
this subject, in order that we may profit by whatever
is sound in their suggestions and avoid their errors.”

Aristotle, De Anima

The volume of the medical literature has increased spectacularly over recent
decades; over 2 million articles published yearly in more than 20,000 journals
(Hemingway 2009). On top of this, researchers, therapists, healthcare managers and
policy makers often have to deal with unclear or contradictory results. Traditional,
narrative reviews have been a part of the medical literature for a long time. Although
narrative reviews may be useful to receive a general overview on a topic; they are
inadequate to answer specific clinical questions. Systematic reviews can fulfil this
need, providing high quality and comprehensive summaries. The main differences

between narrative reviews and systematic reviews are summarized in Table 1.

Table 1: Differences between narrative and systematic reviews

Feature Narrative reviews Systematic reviews (minimum criteria)
Question May not clear and concise Clearly formulated

Sources and search Non-specified, potentially biased Comprehensive sources and explicit search strategy

Selection Non-specified, potentially biased  Criterion-based, uniformly applied
Quality of the studies  Variable Rigorous critical appraisal
Data synthesis Qualitative and subjective Qualitative or if possible, quantitative (meta-analysis)
Inference Sometimes evidence-based, but Evidence-based
more often based on personal
opinions

Adopted and modified from Gonzalez-de Dios et al. 2005.

The value of evidence can be ranked on the basis of the quality of the study, and it
ranges from expert opinions to systematic reviews of randomized controlled trials
(RCTs), which represent the highest level of evidence (Figure 1). The systematic
review can be defined as “a review of the evidence on a clearly formulated question
that uses systematic and explicit methods to identify, select and critically appraise
relevant primary research, and to extract and analyse data from the studies that are
included in the review” (Summerbell and Moore 2007). The primary goal of the

systematic reviews is to summarize the current best evidence on a topic, as well as



to determine the gaps and limitations in evidence and identify priorities for future

research.

higher levels
of evidence

High
guality RCTs

All or none

case series
/ SR of cohort studies \
/Zohort studies; low quality RCTR

/)utcomes research; ecological studies\

/ SR of case-controlled studies

/ Case-controlled studies \

%ase series; poor quality cohort and case-controlled studies

/ Expert opinion

Figure 1: Hierarchy of evidence

lower levels
of evidence

Abbreviations: SR, systematic review; RCTs, randomized controlled trials.
Adopted and modified from Phillips et al. 2009.

Meta-analysis is the use of statistical techniques in systematic reviews to combine
and summarize the results of individual studies; thus to increase the statistical power
of studies with small sample size and improve the precision of the estimation of the
effect. The first meta-analysis was performed by the influential English
mathematician, Karl Pearson in 1904 (Rosenthal and DiMatteo 2001), and the term
“‘meta-analysis” was coined by a social scientist and modern statistician, Gene V.
Glass in 1976 (Gregson et al. 2002). Thousands of systematic reviews and meta-
analyses have been published in recent years, and standards for reporting them
have been developed (Moher et al. 1999, Liberati et al. 2009).

1.1. The process of systematic review

1.1.1. Defining the review question and developing criteria for including studies
Developing a clear and focused question is the first and probably the most important
step in writing systematic reviews. This question should include four parts, referred to

as PICO question: patients, population or problem; intervention, independent



variable or exposure; comparison; and outcomes of interest or dependent variable
(Stone 2002). These four components may define much of the eligibility criteria for
selecting the studies; however, topic-specific criteria are often necessary, e.g. study
design, minimum intervention period, or baseline nutritional status. Precise inclusion
of the review question and selection criteria into the study protocol can help to

minimise bias and to ensure that results are reproducible.

1.1.2. Searching for studies

Systematic searches should include multiple electronic databases; MEDLINE
(Medical Literature Analysis and Retrieval System Online), EMBASE (Excerpta
Medica), and Cochrane Library are the most frequently used databases. Depending
on the review topic, there are many specialized databases which can also be used.
Development of a search strategy is an interactive process, and it is usually built up
in a number of test searches. In order to construct an effective combination of search
terms, it is necessary to break down the review question into elements. Thereafter,
these PICO elements with appropriate synonyms, abbreviations, related terms,
variant spellings and common misspellings can be combined with Boolean operators
(AND, OR, NOT). Handsearching the pertinent journals, searching the reference lists
of the included studies; moreover, personal communications with experts in the field

can also be proposed in order to identify all the relevant studies.

1.1.3. Study selection

The selection of studies is usually conducted in two stages: the initial step is to
screen the titles and abstracts in order to identify the potentially relevant papers, and
the following step is to screen the full text of these selected papers for detailed
assessment against the inclusion criteria. When the information is insufficient to
make decision about inclusion or exclusion, it can be helpful to contact the authors
for more details. Flow diagram showing the number of included/excluded studies is a
simple and useful way to document the study selection process, and the reasons for

exclusion can also be reported.

1.1.4. Data extraction and quality assessment
Data extraction is the process for obtaining the necessary information about study
characteristics and findings from the studies. Because each review is different, data
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extraction requirements and data extraction forms vary across reviews. Data
extraction is closely linked to quality assessment; they are often undertaken at the
same time. Studies are usually carried out with different degrees of methodological
deficiencies; therefore the assessment of quality can give indication of the robustness
of evidence derived from the included studies. Many scoring systems can be used to
assess the quality (Juni et al. 1999); however, none of these systems are widely

accepted.

1.1.5. Data synthesis and meta-analysis

Data synthesis can be done qualitatively; this is so-called descriptive systematic
review, or quantitatively by using statistical techniques such as meta-analysis. A
common criticism of meta-analyses is that they combine “apples and oranges”
(Moayyedi 2004). Indeed, when the included studies are too heterogeneous, only
descriptive synthesis should be undertaken instead of meta-analysis. Heterogeneity
can result from either methodological (e.g. study design, study quality) or clinical (e.g.
age, sex, study location, dose of the intervention) differences between studies.
Nevertheless, when meta-analysis is possible, descriptive synthesis may also be

required and can be effectively incorporated into the quantitative review.

Two main statistical models can be used to combine data: the fixed-effects model
and the random-effects model. Fixed-effects model assumes that every study is
evaluating a common treatment effect. In other words, the effect of treatment,
allowing for the play of chance, is the same in all studies. This model is generally
used if there is no heterogeneity in the meta-analysis. The random-effects model is
an alternative approach of meta-analysis; it assumes that the true treatment effect
may vary across the individual studies because the difference between studies. If
there is any concern about heterogeneity, the random-effects model is proposed
(Zlowodzki et al. 2007).

Dichotomous or binary outcome data arise when the outcome is one of two
possibilities. The most frequently used measures for dichotomous data are the odds
ratio, the risk ratio, the risk difference and the number needed to treat. Continuous
outcomes can take any value on a scale that is continuously variable, and can be
presented either as a mean difference (MD) or as a standardized mean difference
(SMD). The MD measures the absolute differences between the mean values in two
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groups. The SMD can be used when the studies assess the same outcome, but

measure it using different scales (Zlowodzki et al. 2007).

Forest plot (also known as ‘blocks and lines plot’, ‘confidence interval plot’ or
‘blobbogram’) is typically used to present a good visual summary of the results of the
meta-analysis (Figure 2). Individual studies are represented by a horizontal line
extending either side of a square at the point estimate of treatment effect. The ends
of the line represent the confidence interval (Cl) (usually 95%, but other intervals can
also be used). The area of each square is proportional to the weight assigned to that
study in the meta-analysis. The pooled effects size from the meta-analysis is at the
bottom of the plot, represented by a diamond. The centre of the diamond represents
the pooled point estimate, and the horizontal tips of the diamond represent its CI.

data of each studies, data shown in the graph
divided into treatment % weight of the are also given numerically
individual studies  and control groups individual studies  (mean, [95% confidence interval])
/ Treat/ry/\:ontrol Mean Difference Mean Difference
Study or/Jubgroup  Mean D Total Me SD Total Weight/ IV, Random, 95% ClI 1V, Random, 95% ClI
Study 1.‘ 2.7/2.08 15 1.9\ 1.24 16 4.3% 0.80 [-0.42, 2.02] 4 -
Study 2. 29 13 112 22 06 53 286% 0.70 [0.41, 0.99] o
Study 3. 2.75 1.44 12 1.32 0.38 11 8.0% 1.43[0.58, 2.28] -
Study 4. 316 04 24 203 077 25 252% 1.13[0.79, 1.47] "
Study 5. 285 196 231 159 11 195 28.2% 1.26 [0.96, 1.56] o
Study 6. 2.3 1.07 9 161 124 10 5.7% 0.69 [-0.35, 1.73] -
Total (95% CI) 403 310 100.0%  1.03[0.76, 1.29] L 3
Heterogeneity: Tau2 = 0.04; Chi2 = 9.02, df =5 (P = 0.11); I2= 45% 0 ik ;
Test for overall effect: Z = 7.61 (P < 0.00001) / Fayé)mrol Favours\tiatment
measure of scale measuring
heterogeneity the treatment line of no effect  pooled effect size

Figure 2: Hypothetical example of a forest plot with continuous outcome parameter

(analysis done with the Review Manager 5.1 software)

If the horizontal line for any study does not cross the line of no effect, it means that
there is a significant difference between treatment and control groups. If the
horizontal line for any study reaches or crosses the line of no effect, it means that
there is no significant difference between the two groups. The same statement is true

for the pooled effect size.



2. Aims

As the importance of nutrition is increasingly recognised, clinical nutrition is now
integrated into the mainstream medical treatment. In parallel with this, the use of
systematic reviews for nutrition-related topic becomes more widespread. Currently, if
the results of a study show no relation between micronutrient status and health
outcome, it is not clear if the lack of relation is due to the biomarker being an
inadequate measure of status or the absence of any relation between status and the
health outcome. Use of biomarkers that reflect changes in micronutrient status can
facilitate the understanding of the relationship between micronutrient intake and
status and it follows from this, the relationship between micronutrient status and

health outcome (Hooper et al. 2009).

The risk of low dietary zinc intake, consequently zinc deficiency is widespread
problem affecting between one-third and one-half of the world’s population (Brown et
al. 2001). In European populations, severe primary zinc deficiency is extremely
uncommon, but marginal deficiency is likely to be much more prevalent (Gibson et al.
2008). The lack of a reliable, responsive, and specific indicator of zinc status means
that the diagnosis of marginal zinc deficiency is difficult. Therefore, our aim was to
perform a systematic review to assess the usefulness of the biomarkers of zinc status
in healthy humans to determine which biomarkers appropriately reflect changes in

zinc status in response to supplementation or depletion.

In contrast to various micronutrients, it is not fatty acid deficiency that generates
public interest in n-3 long-chain polyunsaturated fatty acid (LCPUFA)
supplementation, rather the potential health benefits attributed to enhanced n-3
LCPUFA intake. However, there are no generally accepted, gold standard
biomarkers that reflect n-3 LCPUFA status in a specific and sensitive way (Baylin and
Campos 2006). Accordingly, our aim was to conduct a systematic review of
intervention studies with n-3 LCPUFA in healthy humans to identify the biomarkers of

status that reliably reflect change in n-3 LCPUFA intake.
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3. Assessing potential biomarkers of zinc status in
humans: a systematic review

3.1 Introduction

Zinc is well established as an essential micronutrient for human health because it has
numerous structural and biochemical functions at the cellular and subcellular level,
which include enzyme function, DNA and RNA metabolism, protein synthesis, gene
expression, cell growth and differentiation, and cell-mediated immunity. The
ubiquitous nature of zinc in human biological systems indicates the widespread
consequences and the complexity of inadequate dietary supply of zinc and zinc

depletion.

Rich sources of dietary zinc include meat, fish, seafood, nuts, seeds, legumes, and
whole-grain cereals (Table 2). However, plant sources are considered to be less
bioavailable because of the presence of phytic acid that binds to zinc-forming
insoluble complexes, which thus inhibits zinc’s absorption (Brown et al. 2001).

Table 2: Zinc and phytate content in foods and estimated amount of absorbable zinc

Zinc content Phytate content Phytate:zinc Absorbable zinc

Food group (mg/100 g) (mg/100 g) molar ratio (mg/100 g)

Liver, kidney (beef, poultry) 4.2-6.1 0 0 2.1-3.1
Meat (beef, pork) 2.9-4.7 0 0 1.4-2.4
Poultry 1.8-3.0 0 0 0.9-1.5
Seafood 0.5-5.2 0 0 0.2-2.6
Eggs 1.1-14 0 0 0.6-0.7
Dairy products 0.4-3.1 0 0 0.2-1.6
Seeds, nuts 2.9-7.8 1760-4710 22-88 0.3-0.8
White bread 0.9 30 3 0.4

Whole-grain cereals 0.5-3.2 211-618 22-53 0.1-0.3
Legumes 1.0-2.0 110-617 19-56 0.1-0.2
Refined cereal grains 0.4-0.8 30-439 16-54 0.1

Tubers 0.3-0.5 93-131 3-27 <0.1-0.2
Vegetables 0.1-0.8 0-116 0-42 <0.1-0.4
Fruits 0-0.2 0-63 0-? <0.1-0.2

Diets with a phytate:zinc molar ratio less than 5 have relatively good zinc bioavailability (45% to 55%
of zinc is absorbed); between 5 and 15 have medium zinc bioavailability (30% to 35% of zinc is
absorbed); greater than 15 have relatively poor zinc bioavailability (10% to 15% of zinc is absorbed).
Adopted and modified from Brown et al. 2001.

11



Current recommendations for dietary zinc intake in adults range from 7 mg/day (UK
Reference Nutrient Intake) to 11 mg/day (US Recommended Dietary Allowance)
(Geissler and Powers 2005). This broad range reflects in part the variation in
requirements due to differences in the bioavailability of zinc from different national
diets and also the difficulties associated with estimating the requirements for optimal

health, which depends on a reliable indicator of status (King 1990).

Unlike other micronutrients such as iron, there is no storage form of zinc in the body
that can be readily mobilized when intakes are inadequate, which emphasizes the
need for a regular dietary supply (King et al. 2001). A highly effective homeostatic
mechanism responds to alterations in zinc intake, upregulating absorption and
conserving losses via the gastrointestinal tract and kidneys when intakes fall. By
using isotope tracer techniques, it was predicted that when dietary zinc fell from 12.2
to 0.23 mg/day in a group of adult men, fractional zinc absorption could increase to
virtually 100%, with urinary excretion falling from 0.36 to 0.006 mg/day and fecal
excretion falling from 11.8 to 0.23 mg/day (King et al. 2001). When homeostatic
mechanisms fail to ensure that requirements are met, clinical symptoms of zinc
deficiency ensue. Severe deficiency is associated with stunted growth, immune
dysfunction, and poor wound healing. These symptoms of severe zinc deficiency are
most dramatically observed in acrodermatitis enteropathica, a congenital condition in
which the infant is born with impaired gastrointestinal zinc transport, which limits the
ability to absorb zinc (Atherton et al. 1979).

3.2 Methods

3.2.1. Inclusion criteria

To be included, a study needed to meet all of the following criteria: 1) be an
intervention study in humans (including supplementation and/or depletion studies)
without restriction in study design, which could include RCTs, controlled clinical trials,
and before-after studies (B/A); 2) report the zinc status in humans at baseline and
after supplementation or depletion; 3) minimum duration of supplementation of 2 wk;
4) report the daily dose of the zinc supplement; 5) use one of the following

supplements: zinc sulphate; zinc acetate; zinc gluconate, or zinc methionine; and 6)
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involve healthy participants who had not recently used mineral or vitamin

supplements.

3.2.2. Search strategy
Electronic searches were performed with Ovid MEDLINE (www.ovid.com), EMBASE
(Ovid) and the CENTRAL

(www.thecochranelibrary.com) database, which were searched from inception to

(www.ovid.com), Cochrane Library
October 2007 for intervention studies by using text terms with appropriate truncation
and relevant indexing terms. The search was in the form: [zinc terms] and
[intervention study terms] and [human studies]. The OVID Medline search strategy

can be found in Table 3, and the strategies for the other databases were based on

the relevant OVID Medline strategy. We did not apply any language restriction.

Table 3: Search strategy for Ovid MEDLINE from 1950 to October Week 3, 2007

# Search History Results

1 Zinc Sulfate/ 1082

2 ((zinc$ or Zn$) adjl sulphate$).mp. 569

3 ((zinc$ or Zn$) adjl sulfate$).mp. 1681

4 Zinc Acetate/ 99

5 ((zinc$ or Zn$) adj1 acetate$).mp. 396

6 ((zinc$ or Zn$) adjl gluconate$).mp. 138

7 ((zinc$ or Zn$) adjl methionine$).mp. 56

8 lor2or3ord4dor5o0r6or7 2543

9 exp clinical trials/ or feasibility studies/ or intervention 267783

studies/ or pilot projects/

10 interven$.mp. 303162
11 Dietary Supplements/ 13542
12 supplement$.mp. 133439
13 9or10orl1llorl2 671914
14 8 and 13 542
15 ((zinc$ or Zn$) adj5 deplet$).mp. 581
16 14 or 15 1109
17 (animals not humans).sh. 3197957
18 16 not17 652

Abbreviations: $, truncation symbol; sh, subject heading word; adj, adjacent operator;
mp = title, original title, abstract, name of substance word, subject heading word.
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An Ovid MEDLINE search was conducted for reviews of the methods of assessing
zinc status; 6 of these reviews (Wood 2000; Brown 1998, Brown 2002; Hotz et al.
2003; Hambidge 2003; Thompson 1991) were collected in full text, and the reference
lists were checked. Studies that appeared to be intervention studies but that had not

been already assessed for inclusion were collected.

One expert, Rosalind Gibson (University of Otago), was asked if she could suggest
additional intervention studies for the review. She suggested additional articles for
assessment and these were then subjected to the same criteria listed above before

they were accepted for inclusion.

3.2.3. Data collection and synthesis

Titles and abstracts were screened for inclusion by a single reviewer. The full text of
all articles collected was screened for inclusion by using an inclusion and exclusion
form by 2 independent reviewers. Where the 2 reviewers disagreed, the study was
discussed and a consensus decision was reached, or a third reviewer was asked to
arbitrate. Data for each included study were extracted into a Microsoft Access 2003
database file (Microsoft Corp, Redmond, WA) by a single reviewer. In doubtful cases,
studies were discussed with the review team before beginning full data extraction
and, in some cases, study authors were contacted for clarification. When necessary,
units of measurement were converted to a standard form to facilitate comparison

across studies.

We used formal inclusion/exclusion criteria and applied standard operation
procedures for data extraction, validity assessment and meta-analysis (Hooper et al.
2009). Meta-analysis was carried out with Cochrane software, Review Manager
version 4.2 (Cochrane Collaboration; www.cochrane.org), with random-effects model.
A statistically significant result indicated that the marker was indeed responding to
supplementation and/or depletion. Levels of the heterogeneity were noted
(heterogeneity was considered significant where P < 0.1 on the chi-square test or I >
50%).

14


http://www.cochrane.org/

Because there was a danger of categorizing some biomarkers as ineffective when
there actually was a shortage of data, such that one would not expect a statistically
significant effect size on pooling, we would declare a biomarker effective (statistically
significant pooled effect size; P < 0.05) or ineffective (statistically insignificant pooled
effect size; P = 0.05) only where the pooling included =3 studies and =50 participants
overall. Where there were <3 studies or <50 participants, it was stated that there
were insufficient data to make a decision (Hooper et al. 2009).

3.3. Results

3.3.1. Study inclusion

The flow diagram for this review is shown in Figure 3. A total of 1334 titles and
abstracts were screened after electronic and bibliographic searches or were
recommended by experts. Of these, 182 appeared potentially relevant and were
collected as full-text articles to be assessed for inclusion, and 180 full-text articles
were assessed (2 articles could not be traced); 48 studies were found to fulfill the
inclusion criteria. One article had elements of both an RCT and a B/A in the study
design (Abdulla and Svensson 1979) and one article contained a supplementation
and a depletion study (Prasad et al. 1996). These data were analyzed as 2 separate
studies, giving a total of 48 studies from 46 publications: 24 described RCT studies
and 24 described B/A studies. In some cases, studies were further subdivided into
data sets, when, for example, the study cohort was assigned to groups receiving

different amounts of supplementation.
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Titles and abstracts retrieved from
electronic, bibliographic and expert
searches: 1334

1

v
Titles and abstracts that appeared
potentially relevant, ordered as full text

Titles and abstracts very unlikely to be
relevant: 1152

\ 4

papers: 182
; :I Full papers not available: 2
| Full papers assessed for inclusion: 180 |
; »| Papers excluded:
| Full papers included: 46 | Not supplementation or depletion
studies: 12
* Non healthy subjects: 37

Not only zinc supplementation: 8

lementation an letion i .
SR EE] O B S Baseline and later status or change not

included:

reported: 47
Plasma zZn: 40; 10 Imprecise data: 24
Urinary Zn: 5; 4 Not meeting criterion of minimal
Erythrocyte Zn: 5; 2 duration: 4
Platelet Zn: 2; 3 Data previously presented in an included
Plasma ALP: 3; 3 study: 2

Mononuclear cell Zn: 4; 1
Polymorphonuclear cell Zn: 5; 1
Aminolevulinic acid dehydratase: 2; 0
Erythrocyte MT: 2; 1

Monocyte MT cDNA: 2; 0
Salivary-sediment Zn: 1; 1

Saliva Zn: 1; 0

Mixed saliva Zn: 0; 1

Plasma EC-SOD: 1; 0

Plasma 5’-nucleotidase: 0; 1
Lymphocyte ecto-5'-nucleotidase: 1; 0
T lymphocyte MT-2A mRNA: 0; 1
Hair Zn: 3; 0

Nail Zn: 1; 0

Plasma Zn flux: 0; 1

Endogenous Zn excretion: 0; 1
Exchangeable Zn pool: 0; 1
Feces Zn: 0; 1

Neutrophil Zn: 0; 3

Lymphocyte Zn: 1; 2

Plasma ACE: 0; 1

Carbonic anhydrase: 0; 1
Neutrophil ALP: 0; 1

Neutrophil a-D-mannosidase: 0; 1
Erythrocyte membrane Zn: 0; 1
Erythrocyte membrane ALP: 0; 1
Erythrocyte membrane NP: 0; 1

Figure 3: Flow diagram of systematic literature search on biomarkers of zinc status

Abbreviations: ALP, alkaline phosphatase; MT, metallothionein; EC-SOD, extracellular superoxide
dismutase; ACE, angiotensin-converting enzyme; NP, neutral phosphatase.

3.3.2. Quality of included studies

The characteristics of the studies included in the analysis are presented in Table 4
(supplementation studies) and Table 5 (depletion studies). In terms of the distribution
of the age of the population groups studied, 67% (32/48) of the studies were in
healthy adults, and 19% (9/48) in elderly people.
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There were 5 studies in pregnant or lactating women (Hunt et al. 1985; O’Brien et al.
2007; Shaaban et al. 2005; Tamura et al. 1996; Tamura et al. 2001), one study in
postmenopausal women (Milne et al. 1987), and one study in children and
adolescents (Palin et al. 1979). There were no studies in infants, and none that
selected for immigrant or low-socioeconomic groups. As discussed in the
methodology article (Hooper et al. 2009), quality assessment was undertaken as part
of the data extraction process. A summary of the reasons for dropping out in the
intervention group, the methods of randomization, and compliance checking are
summarized in Table 6. In the majority of studies, the reasons for dropping out and
the method and outcome of compliance testing were not reported. In studies that
claimed to be randomized, only 2 of 26 described the methods used.

3.3.3. Biomarkers identified and evaluated

In the 48 studies included in this review, a total of 32 potential zinc biomarkers, 17
biomarkers of zinc status in zinc supplementation trials, and 25 biomarkers in zinc
depletion trials were identified (Figure 3). A summary of all the biomarkers identified,
including the number of studies, participants, and the results of the primary analysis
where relevant is presented in Table 7. A large proportion of the studies included in
this review measured plasma or serum zinc concentration, and for simplicity, here the
term “plasma” will be used to refer to both. The results of the secondary analysis of
biomarkers for which there were sufficient data for subgroup analysis are described

below.

3.3.3.1. Plasma zinc concentration

Plasma zinc concentration was the most frequently investigated marker of zinc
status, with a total of 40 data sets from 35 supplementation studies, which involved
1375 participants and 10 data sets from 10 depletion studies involving 79
participants. Combining data from the depletion and supplementation studies,
primary analysis revealed an overall significant (P < 0.00001) response of plasma
zinc concentration to dietary zinc intake (MD: 2.88 pmol/L; 95% Cl: 2.24, 3.51; I° =
93.6%) (Table 7). However, the high level of heterogeneity in this primary analysis
means that the biomarker responded differently in the included studies; the reasons
for these differences were explored through subgrouping of studies by their different
characteristics.
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The summary of the subgroup analysis of the response of plasma zinc concentration
to zinc supplementation and depletion is given in Table 8. The data included in this
analysis were mostly collected from studies in adults and the elderly. The response of
plasma zinc concentration to intervention was significant in adults, the elderly,
pregnant and lactating women, men, women, mixed-sex groups and in those with a
low or moderate zinc status at baseline, but there were insufficient data to draw firm
conclusions on children and adolescents or on postmenopausal women. Data from 2
studies suggest that individuals with high baseline status do not respond to
supplementation, but further studies are required. Sulfate, gluconate, and acetate all
elicited a significant response, although there were only 2 studies of acetate.
Subgroup analysis revealed a significant fall in plasma zinc concentration in response
to marginally depleted diet; all levels of zinc supplementation resulted in a significant
increase in plasma zinc concentration and the MD in plasma zinc concentration
increased in a dose-dependent manner (Figure 4). Overall, plasma zinc appears to
be a good marker of zinc status in all subgroupings for which we have sufficient

studies to judge.

3.3.3.2. Urinary zinc excretion

Data on the response of urinary zinc excretion to changes in dietary intake were
extracted from 5 supplementation and 4 depletion studies, comprising 6 studies in
adults (47 individuals from supplementation studies and 25 individuals from depletion
studies), 2 studies in elderly people (both supplemented, with a total of 326
participants), and one depletion study in postmenopausal women (5 participants).
However, the units used for supplementation studies (mmol/mol creatinine) differed
from those in the depletion studies (umol/day), so only the supplementation studies
could be pooled. Primary analysis (highest dose arm and longest duration for each
included study) of the supplementation studies revealed a significant effect of zinc
intake on urinary zinc excretion (MD: 0.31 mmol/mol creatinine; 95% CI: 0.20, 0.43)
without important heterogeneity (I = 0%) and was supported by depletion studies
(MD: 3.89 pmol/day; 95% CI: 1.01, 6.76; I* = 93%) (Table 7).
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 supplementation: 15 to 25 mg Zn/day
Abdulla & Suck 1998 A 1391 153 15 11.77 214 15 4.8% 2.14[0.81, 3.47] -
Bogden et al. 1988 A 131 21 32 125 2 32 7.5% 0.60 [-0.40, 1.60] [~
Donangelo et al. 2002 12.01 1.64 11 1026 1.45 11 5.1% 1.75[0.46, 3.04] -
Heckmann et al. 2005 12.47 3 24 1101 156 26 4.8% 1.46[0.12, 2.80] ™
Hininger-Favier 2007 A 14 26 126 13 17 130 152% 1.00 [0.46, 1.54] -
Hodkinson et al. 2007 A 13 249 28 124 159 31 6.7% 0.60 [-0.48, 1.68] ™
Hunt et al. 1985 9.68 1.41 56 9.14 1.25 47 15.9% 0.54[0.03, 1.05] ™
O'Brien et al. 2007 13.29 171 16 132 141 10 5.6% 0.09 [-1.12, 1.30]
Palin et al. 1979 13.98 5.93 7 13.76 1.96 10 0.5% 0.22[-4.34, 4.78] -
Tamura et al. 1996 9.1 017 70 8.73 0.16 65 26.2% 0.37[0.31, 0.43] o
Tamura et al. 2001 9.9 22 30 9.7 17 31 7.6% 0.20[-0.79, 1.19] T
Subtotal (95% CI) 415 408 100.0% 0.70[0.38, 1.03] ]
Heterogeneity: Tau? = 0.10; Chiz = 19.73, df = 10 (P = 0.03); 12 = 49%
Test for overall effect: Z = 4.26 (P < 0.0001)
1.2.2 supplementation: 26 to 50 mg Zn/day
Abdulla & Suck 1998 B 1453 1.68 15 1239 2.29 15 6.0% 2.14[0.70, 3.58] -
Abdulla & Suck 1998 C 1575 1.99 15 1239 2.14 15 5.9% 3.36 [1.88, 4.84] -
Abdulla & Svensson 1979xx  19.11 2.29 7 13.76 1.53 7 4.8% 5.35[3.31, 7.39] —
Barrie et al. 1987 8.35 0.58 15 839 117 15 7.3% -0.04[-0.70, 0.62] T
Black et al. 1988 D 155 1.62 13 135 1.05 9 6.5% 2.00[0.88, 3.12] -
Crouse et al. 1984 1 2385 6.6 11 2156 5.2 10 1.6% 2.29[-2.77,7.35] ]
Crouse et al. 1984 2 2645 7.65 12 2339 52 11  1.5% 3.06 [-2.25, 8.37] B
Field et al. 1987 D 11.91 1.96 5 11.15 1.42 5 4.7% 0.76 [-1.36, 2.88] T
Fischer et al. 1984 1835 55 13 1514 0.83 13 3.3% 3.21[0.19, 6.23] T
Gatto & Samman 1995 15.2 4 10 128 24 10  35% 2.40 [-0.49, 5.29] T
Hininger-Favier 2007 B 151 36 131 13 1.7 130 7.2% 2.10[1.42,2.78] -
Hodkinson et al. 2007 B 14.3 4.49 34 124 156 31 5.6% 1.90[0.29, 3.51] T
Medeiros et al. 1987 D 15.44 579 13 13.46 583 9 1.7% 1.98 [-2.96, 6.92] I
Pachotikarn et al. 1985 16.06 2.75 23 11.62 2 23 6.0% 4.44[3.05, 5.83] -
Perezt et al. 1993 18.4 2 9 142 18 9 5.3% 4.20 [2.44, 5.96] -
Prasad et al. 1996 18.07 5.22 5 17.48 1.98 8 1.8% 0.59 [-4.19, 5.37] N
Stur et al. 1996 16.62 4.02 38 13.04 1.56 42 6.1% 3.58[2.22, 4.94] -
Sullivan & Cousins 1997 15 243 10 123 243 10 4.7% 2.70[0.57, 4.83] T
Sullivan et al. 1998 145 2 11 13 1 11 6.2% 1.50[0.18, 2.82] 4'7
Swanson et al. 1988 16.5 2.47 17 129 165 17 6.0% 3.60[2.19, 5.01] -
Yadrick et al. 1989 162 33 9 129 18 9  41% 3.30[0.84, 5.76] T
Subtotal (95% Cl) 416 409 100.0% 2.61[1.88,3.34] ’
Heterogeneity: Tau2 = 1.81; Chiz = 82.71, df = 20 (P < 0.00001); 12 = 76%
Test for overall effect: Z = 6.98 (P < 0.00001)
1.2.3 supplememntation: 51 to 100 mg Zn/day
Black et al. 1988 E 18.1 4.05 9 135 1.05 9 14.9% 4.60[1.87,7.33] —
Bogden et al. 1988 F 168 35 32 125 2 32 57.0% 4.30[2.90, 5.70] i
Demetree et al. 1980 14.07 6.27 5 8.1 275 5 3.1% 5.97 [-0.03, 11.97]
Field et al. 1987 F 11.98 2.43 5 10.31 238 5 12.5% 1.67[-1.31, 4.65] I
Hollingsworth et al. 1987 20.03 4.89 8 14.22 168 8 87% 5.81[2.23, 9.39] -
Medeiros et al. 1987 E 18.04 5.83 9 13.46 583 9 3.8% 4.58 [-0.81, 9.97] i
Subtotal (95% Cl) 68 68 100.0% 4.21[3.15,5.26] ‘
Heterogeneity: Tau2 = 0.00; Chiz = 4.00, df = 5 (P = 0.55); 12 = 0%
Test for overall effect: Z = 7.82 (P < 0.00001)
1.2.4 supplementation: 101 to 150 mg Zn/day
Abdulla & Svensson 1979x 274 15 7 152 1 5 9.9% 12.20[10.78, 13.62] -
Duchateau et al. 1981 3 22.02 7.65 20 16.82 4.43 20 8.5% 5.20[1.33,9.07] -
Duchateau et al. 1981 4 20.49 505 20 1514 337 20 9.3% 5.35[2.69, 8.01] -
Duchateau et al. 1981 5 17.89 5.96 23 14.07 3.52 23 9.2% 3.82[0.99, 6.65] -
Duchateau et al. 1981 6 185 4.9 20 13.61 4.74 20 9.1% 4.89[1.90, 7.88] -
Field et al. 1987 G 17.76 5.15 5 1183 17 5 7.8% 5.93[1.18, 10.68] -
Gupta et al. 1998 1575 5.4 20 15.78 5.44 20  8.9% -0.03[-3.39, 3.33] -1
Hayee et al. 2005 16.39 4.85 20 16.53 3.48 20 9.3% -0.14 [-2.76, 2.48] -1
Samman & Roberts 1987 7 206 4.6 21 151 25 21 9.6% 5.50 [3.26, 7.74] -
Samman & Roberts 1987 8 232 6.3 20 148 25 20 9.1% 8.40[5.43, 11.37] -
Weismann et al. 1977 18.15 4.49 13 1539 212 12 9.3% 2.76 [0.04, 5.48] [
Subtotal (95% CI) 189 186 100.0% 4.94[2.18, 7.70] ‘
Heterogeneity: Tau? = 19.48; Chi? = 116.94, df = 10 (P < 0.00001); I2 = 91%
Test for overall effect: Z = 3.51 (P = 0.0005)

+ t + U
-10 -5 0 5 10
Intervention lower  Intervention higher

Figure 4: Secondary analysis of the response of plasma zinc concentration (umol/L)
to zinc supplementation with subgrouping by dose (mg/day)

Specification of the groups as represented in the original articles: x, study 1; xx, study 2; A, 15-mg
Zn/day group; B, 30-mg Zn/day group; C, 45-mg Zn/day group; D, 50-mg Zn/day group; E, 75-mg
Zn/day group; F, 100-mg Zn/day group; G, 150-mg Zn/day group; 1, endurance-trained male group; 2,
sedentary male group; 3, male group (20-40 yrs); 4, female group (20-40 yrs); 5, female group (20—
40 yrs + oral contraceptive); 6, female group (40-50 yrs); 7, male group; 8, female group.
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Significant responses were recorded in studies of adults, the elderly, males, mixed-
sex groups, females and in those with a low or moderate zinc status at baseline;
however, there were enough studies (=3) and participants (=50) to declare urinary
zinc a useful marker of zinc status only in those with moderate status at baseline
(Table 9). All of the supplementation trials that measured urinary zinc concentration
used zinc gluconate, with 3 data sets (326 participants) in the 15-25 mg Zn/day
range, 4 data sets (370 participants) in the 26-50 mg Zn/day range, and 2 data sets
(36 participants) in the 51-100 mg Zn/day range. A statistically significant increase in
urinary zinc excretion was seen in response to all 3 dose ranges, but only the 15-25
and the 26-50 mg Zn/day subgroups included enough studies to declare the marker

useful. The data do suggest a dose response (Figure 5).

Table 9: Subgroup analysis of the results of the systematic review of data on
changes in urinary zinc after supplementation with zinc

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% ClI) RCTs B/A I° useful?
mmol/mol creatinine  no. of studies (no. of participants) %
All studies (primary outcome) 0.31 [0.20, 0.43] 4 (362) 1(11) 0 Yes
Adults 0.33[0.10, 0.56] 2 (36) 1(11) 0 Unclear
The elderly 0.31[0.18, 0.44] 2 (326) N/A 0 Unclear
Males 0.61[0.07, 1.15] 2 (36) N/A 0 Unclear
Mixed 0.31[0.18, 0.44] 2 (326) N/A 0 Unclear
Females 0.27 [0.02, 0.52] N/A 1(11) N/A Unclear
Low status at baseline 0.27 [0.02, 0.52] N/A 1(11) N/A Unclear
Moderate status at baseline  0.33 [0.20, 0.45] 4 (362) N/A 0 Yes
Zinc gluconate 0.31[0.20, 0.43] 4 (362) 1(11) 0 Yes
15 to 25 mg Zn/day 0.15 [0.04, 0.25] 2 (315) 1(11) 0 Yes
26 to 50 mg Zn/day 0.32[0.20, 0.45] 4 (370) N/A 0 Yes
51 to 100 mg Zn/day 0.62[0.07, 1.16] 2 (36) N/A 0 Unclear

See details below Table 8.
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

2.1.1 supplementation: 15 to 25 mg Zn/day
Donangelo et al. 2002 0.83 0.37 11 0.56 0.22 11 17.9% 0.27 [0.02, 0.52] ™
Hininger-Favier 2007 A 094 05 126 0.82 047 130 81.8% 0.12[0.00, 0.24] .
Hodkinson etal. 2007 A 0.62 2.86 28 0.8 445 31 03% -0.18 [-2.07, 1.71] I
Subtotal (95% CI) 165 172 100.0% 0.15[0.04, 0.25] ‘
Heterogeneity: Tau? = 0.00; Chiz = 1.21, df = 2 (P = 0.55); 12 = 0%
Test for overall effect: Z = 2.66 (P = 0.008)
2.1.2 supplementation: 26 to 50 mg Zn/day
Black et al. 1988 D 0.99 0.84 13 0.54 0.16 9 7.0% 0.45[-0.02, 0.92] [
Hininger-Favier 2007 B 113 059 131 0.82 047 130 91.4% 0.31[0.18, 0.44] .
Hodkinson et al. 2007 B 0.9 531 34 0.8 4.45 31 0.3% 0.10 [-2.27, 2.47] -
Medeiros et al. 1987 D 1.14 1.34 13 062 1.2 9 1.3% 0.52 [-0.55, 1.59] T
Subtotal (95% Cl) 191 179 100.0% 0.32[0.20, 0.45] ()
Heterogeneity: Tau? = 0.00; Chi2 = 0.48, df = 3 (P = 0.92); 12 = 0%
Test for overall effect: Z = 5.10 (P < 0.00001)
2.1.3 supplementation: 51 to 100 mg Zn/day
Black et al. 1988 E 1.13 0.94 9 054 0.16 9 76.0% 0.59 [-0.03, 1.21] —._
Medeiros et al. 1987 E 13 1.2 9 06 1.2 9 24.0% 0.70 [-0.41, 1.81] T
Subtotal (95% CI) 18 18 100.0% 0.62[0.07, 1.16] ’
Heterogeneity: Tau? = 0.00; Chi2 = 0.03, df = 1 (P = 0.87); I2 = 0%
Test for overall effect: Z = 2.22 (P = 0.03)
2.1.4 supplementation: 101 to 150 mg Zn/day
Subtotal (95% Cl) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable

} } } }

-4 2 0 2 4
Intervention lower  Intervention higher

Figure 5: Secondary analysis of the response of urinary zinc excretion to zinc
supplementation (mmol/mol creatinine) with subgrouping by dose (mg/day)

Specification of the groups as represented in the original articles: A, 15-mg Zn/day group;
B, 30-mg Zn/day group; D, 50-mg Zn/day group; E, 75-mg Zn/day group.

3.3.3.3. Erythrocyte zinc concentration

A total of 5 supplementation and 2 depletion studies reported values for erythrocyte
zinc concentration. Neither primary analysis (MD: 2.20 pmol/L; 95% Cl: -4.58, 8.98; I2
= 0%) nor any individual study suggested a response of this biomarker to changes in
zinc intake. For more subgroup analysis details see Table 10. These data suggest

that erythrocyte zinc concentration is not a useful marker of zinc status

3.3.3.4. Platelet zinc concentration

Five studies that measured platelet zinc concentration (2 supplementation RCTs and
3 depletion B/A studies) were identified. The primary analysis, combining data from
supplementation and depletion studies, did not reveal a significant response to
changes in dietary zinc intake (MD: 0.09 nmol/10° cells; 95% CI: -1.12, 1.30; I> =
76%) (Table 7).

28



Table 10: Subgroup analysis of the results of the systematic review of data on
changes in erythrocyte zinc after supplementation with zinc and zinc depletion
Study design

Pooled effect size RCT B/A Heterogeneity = Biomarker
Analysis MD (95% CI) supplementation depletion 2 useful?
umol/L no. of studies (no. of participants) %
All studies (primary outc ome)  2.20 [-4.58, 8.98] 5(527) 2 (10) 0 No
Pregnancy and lactation 3.80 [-8.51, 16.10] 2 (186) N/A 0 Unclear
Adults -1.36 [-13.34,10.62] 1 (15) 1(5) 0 Unclear
Post-menopausal women -6.00 [-28.49,16.49] N/A 1(5) N/A Unclear
The elderly 5.30 [-12.49, 23.09] 2 (326) N/A 39.2 Unclear
Males -2.40 [-22.36,17.56] N/A 1(5) N/A Unclear
Mixed 3.62 [-6.82, 14.07] 3(341) N/A 11.6 No
Females 1.54 [-9.26, 12.33] 2(186) 1(5) 0 No
Low status at baseline 1.96 [-7.55, 11.47] 3(201) N/A 0 No
Moderate status at baseline 2.45[-7.22, 12.12] 2 (326) 2 (10) 0 No
Zinc sulphate 3.80 [-8.51, 16.10] 2 (186) X 0 Unclear
Zinc gluconate 3.62 [-6.82, 14.07] 3(341) X 11.6 No
1to 2.9 mg Zn/day -6.00 [-28.49,16.49] X 1(5) N/A Unclear
3to 5 mg Zn/day -2.40 [-22.36, 17.56] X 1(5) N/A Unclear
15 to 25 mg Zn/day 25.17[-6.01,56.36] 4 (501) X 91.2 No
26 to 50 mg Zn/day 3.62 [-6.82, 14.07] 3(341) X 11.6 No

See details below Table 8.

3.3.3.5. Plasma alkaline phosphatase activity

Six studies investigating the response of plasma alkaline phosphatase activity to
changes in zinc intake were included: 3 supplementation (RCTs) and 3 depletion
(B/A) studies. Overall, the primary analysis, combining the supplementation and
depletion trials, revealed no significant effect of zinc intakes on plasma alkaline
phosphatase activity (MD: 4.14 1U/L; 95% CI: -2.38, 10.65; 1> = 56.6%), which
suggests that this is not a useful zinc biomarker. Subgrouping also did not reveal any
groups in which this was a clearly useful biomarker of zinc status (Table 11).

3.3.3.6. Mononuclear cell zinc concentration

Five studies, including 95 participants, assessed the effect of the change in zinc
intake on mononuclear cell zinc concentration. Pooling these 5 studies suggested
that this is not a useful biomarker of zinc status (MD: -0.05 pmol/10*° cells; 95% CI: -
0.21, 0.11; 1> = 38%) (Table 7).
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Table 11: Subgroup analysis of the results of the systematic review of data on
changes in plasma alkaline phosphatase activity after supplementation with zinc and
zinc depletion

Study design

Pooled effect size RCT B/A Heterogeneity  Biomarker
Analysis MD (95% CI) supplementation depletion 12 useful?
IU/L no. of studies (no. of participants) %

All studies (primary outcome)  4.14 [-2.38, 10.65] 3(385) 3(25) 56.6 No
Pregnancy and lactation 12.00[-11.81, 35.81] 1(60) N/A N/A Unclear
Adults 21.80[8.91, 34 .69] N/A 1(5) N/A Unclear
Post-menopausal women -5.20 [-16.82, 6.42] N/A 1(5) N/A Unclear
The elderly 1.22 [-2.39, 4.83] 2 (325) 1(15) 0 No
Males 21.80[8.91, 34.69] N/A 1(5) N/A Unclear
Mixed 1.22 [-2.39, 4.83] 2 (325) 1(15) 0 No
Females 0.13 [-15.46, 15.72] 1 (60) 1(5) 38.3 Unclear
Low status at baseline 12.00[-11.81, 35.81] 1 (60) N/A N/A Unclear
Moderate status at baseline 3.68 [-3.26, 10.63] 2 (325) 3(25) 63.2 No
Zinc sulphate 12.00[-11.81, 35.81] 1 (60) X N/A Unclear
Zinc gluconate 0.90 [-3.47, 5.27] 1(261) X N/A Unclear
Zinc acetate 6.00 [-21.65, 33.65] 1(64) X N/A Unclear
<1 mg Zn/day 21.80[8.91, 34.69] X 1(5) N/A Unclear
1to 2.9 mg Zn/day -5.20 [-16.82, 6.42] X 1(5) N/A Unclear
3to 5 mg Zn/day 1.67 [-4.92, 8.26] X 1(15) N/A Unclear
15 to 25 mg Zn/day 4.43 [-1.60, 10.45] 3(380) X 0 No
26 to 50 mg Zn/day 0.90 [-3.47, 5.27] 1(261) X N/A Unclear
51 to 100 mg Zn/day 6.00 [-21.65, 33.65] 1(64) X N/A Unclear

See details below Table 8.

3.3.3.7. Polymorphonuclear cell zinc concentration

Five supplementation trials and one depletion study that measured

polymorphonuclear cells as a biomarker of zinc status were identified. Population
groups represented in the studies included adults (2 studies) and elderly persons (4
studies). Individual studies were variable, which suggests both significantly positive
and negative effects of increased zinc status on polymorphonuclear cell zinc
concentration. Neither primary (MD: 0.05 pmol/10'° cells; 95% CI: -0.13, 0.22; I1* =
83.3) nor subgroup analyses (Table 12) revealed any significant response of this
biomarker to changes in zinc intake. Our data suggest that polymorphonuclear cell

zinc concentration is not a useful marker of zinc status.
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3.3.3.8. Hair zinc concentration

Data were analyzed from 3 RCT supplementation studies, which included a total of
93 adult participants with either low or moderate baseline status and intakes in the
ranges of 15-25, 26-50, and 51-100 mg Zn/day. Primary analysis revealed that hair
zinc concentration was significantly elevated after supplementation (MD: 13.24 ppm;
95% CI: 11.91, 14.56; 1> = 0%) (Figure 7). Insufficient data precluded subgroup

analyses.

3.3.3.9. Other potential markers

We found at least one study each to assess the effects of zinc supplementation or
depletion on the following potential zinc biomarkers: aminolevulinic acid dehydratase,
erythrocyte metallothionein, monocyte metallothionein cDNA, salivary-sediment zinc,
salivary zinc, mixed-saliva zinc, plasma extracellular superoxide dismutase, plasma
5’-nucleotidase, lymphocyte ecto-5’-nucleotidase, T lymphocyte metallothionein -2A
MRNA, nail zinc, plasma zinc flux, endogenous zinc excretion, exchangeable zinc
pool, fecal zinc, neutrophil zinc, lymphocyte zinc, plasma angiotensin-converting
enzyme, carbonic anhydrase, neutrophil alkaline phosphatase, neutrophil a-D-
mannosidase, erythrocyte membrane zinc, erythrocyte membrane alkaline
phosphatase, and erythrocyte membrane neutral phosphatase. However, there were
not enough eligible studies of these markers to allow us to decide whether they were

effective markers of zinc status (Table 7).

3.4. Discussion

Data were extracted and analyzed on 32 potential biomarkers from 46 publications.
Plasma zinc concentration responded to dietary manipulation in adults, women, men,
pregnant and lactating women, the elderly, and those at low and moderate baseline
zinc status and in both depletion and supplementation studies. Urinary zinc excretion
also appeared to respond to change in zinc status for all groups for which we had
data, but with fewer studies there were fewer subgroupings with enough studies to
make a clear decision about urinary zinc response. Hair zinc concentration also
responded to zinc supplementation, but there were insufficient studies to assess in

which subgroups these may be effective markers. For platelet, polymorphonuclear
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cell, mononuclear cell, and erythrocyte zinc concentration and alkaline phosphatase
activity, there were sufficient data to judge them as likely to be ineffective as

biomarkers of zinc status.

The majority of studies identified and included in this review were zinc
supplementation studies that covered a broad range of zinc intake levels, which
ranged from intakes that could be achieved through diet alone to pharmacologic
doses at values of >10 times the European and US dietary recommendations. Fewer
zinc depletion studies were identified, and participant numbers were low compared
with the supplementation trials because of the practical and ethical difficulties of

conducting depletion trials.

The search for a reliable indicator for zinc has been problematic because the
effective regulation of zinc homeostasis buffers the functional response to dietary
deficiency and excess. The total amount of zinc present in the human body ranges
from 1.5 to 2.5 mg, most of which is found intracellularly within skeletal muscle tissue
(57%), bone (29%), and other tissues, including skin and organs (Jackson 1989). The
zinc located within these tissues has a relatively slow turnover rate and is not readily
responsive to changes in dietary zinc intake. Kinetic studies suggest that only a small
proportion of total body zinc (=10%) represents the “functional pool” (King 1990;
Foster et al. 1979; Miller et al. 1994), which is composed of zinc, located within the
liver and other tissues, that exchanges rapidly with the plasma. When this functional

pool is depleted, zinc deficiency ensues (King 1990).

All studies included in the analysis were undertaken in apparently healthy individuals.
It is well established that plasma zinc concentration can fall in response to factors
unrelated to zinc status or dietary zinc intake, including infection, inflammation,
stress, or trauma. Conversely, tissue catabolism during starvation can release zinc
into the circulation, causing a transient increase in circulating zinc levels.
Furthermore, postprandial falls in plasma zinc concentration of <22% have been
reported (Hambidge et al. 1989; Lowe et al. 1998). Clearly, the interpretation of

plasma zinc concentration requires knowledge of all of these possible confounders.

This review highlights a number of gaps in the field of zinc research. More high-

guality studies are required to assess the effects of most potential zinc biomarkers
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and in a variety of populations. Ideally, these would be highly controlled studies or
RCTs, with clearly presented methodology indicating that they are at low risk of bias.
Studies need to describe their randomization methodology, clearly describe the
numbers of dropouts or exclusions and the reasons for their cessation of inclusion,
check compliance, and report the results of such checks. Further research is needed
to evaluate potentially useful biomarkers, including enzymes and other zinc-binding
proteins that were measured in only 1 or 2 studies and for which conclusions were
unable to be drawn. Although stable isotope studies are expensive, technically
demanding, and unsuitable for large population studies, they may be useful tools for
evaluating more accessible potential biomarkers and to develop new biomarkers.
There were some notable gaps in the availability of data from certain population
groups; in particular, there was a complete absence of data regarding infants and

immigrant population groups and a paucity of studies of zinc status in adolescents.
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4. Assessing potential biomarkers of n-3 long-chain
polyunsaturated fatty acid status in humans: a systematic
review

4.1. Introduction

Long-chain polyunsaturated fatty acids (LCPUFAs) are important components of
membrane lipids in all tissues. The most important of them are the n-6 (omega-6)
essential fatty acid, linoleic acid (C18:2n-6, LA), and the n-3 (omega-3) essential fatty
acid, a-linolenic acid (C18:3n-3, ALA), as well as their longer-chain metabolites,
arachidonic acid (C20:4n-6, AA), eicosapentaenoic acid (C20:5n-3, EPA) and
docosahexaenoic acid (C22:6n-3, DHA) (Figure 6). LCPUFASs increase the fluidity,
flexibility and permeability of cell membranes, the number of receptors and the affinity
of receptors to their substrates: hormones, growth factors, and proteins. Moreover,
some LCPUFAs are also precursors of several second messengers (Das 2006). N-6
fatty acids, mainly AA and dihomo-y-linolenic acid (C20:3n-6), are predominantly
precursors of proinflammatoric prostaglandins, thromboxans and leucotriens, while n-
3 fatty acids, mainly EPA, are precursors of antiinflammatory eicosanoids. AA and
DHA are concentrated in the central nervous system, as well as in the retina, heart
and skeletal muscle, and play an important role in the maintenance of normal

development and normal neural functions (Das 2006).

Mammals, including humans, cannot synthesize essential fatty acids; therefore they
have to consume them in the diet from dietary sources. The enzymatic reactions of
A-6- and A-5 desaturation and elongation of essential fatty acids convert LA to AA
and ALA to EPA. While AA is the major product of the n-6 fatty acid family, EPA is an
intermediate, which needs further elongation, A-6 desaturation and peroxysomal [3-
oxidation to be converted into the biologically most important product, DHA (Figure
6) (Infante and Huszagh 1997).

Vegetables are good sources of essential fatty acids; however, their preformed long-
chain metabolites are found mainly in animal foods. Food products of terrestrial
animals are rich in n-6 fatty acids, whereas sea fishes are rich in n-3 fatty acids (Kris-
Etherton et al. 2007). Although oily fish and various other seafoods are excellent
dietary sources of EPA and DHA, dietary intake of n-3 LCPUFA (including DHA) in
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the United States is only =110 mg/day in women and =170 mg/day in men (Gebauer
et al. 2006). However, various dietary supplements containing several hundred
milligrams of n-3 LCPUFAs per dose are widely available, so it is relatively easy to
achieve a 10-fold increase in daily n-3 LCPUFA intake.

N-6 fatty acids N-3 fatty acids
Linoleic acid a-linolenic acid
(C18:2n-6; LA) (C18:3n-3; ALA)
l A-6 desaturation l
y-linolenic acid Stearidonic acid
(C18:3n-6; GLA) (C18:4n-3)
l elongation l
Dihomo-y-linolenic acid Eicosatetraenoic acid
(C20:3n-6; DHGLA (C20:4n-3)
l A-5 desaturation l
Arachidonic acid Eicosapentaenoic acid
(C20:4n-6; AA) (C20:5n-3; EPA)
l elongation l
Adrenic acid Docosapentaenoic acid
(C22:4n-6) (C22:5n-3; DPA)
elongation
A-6 desaturation
B-oxidation
Docosapentaenoic acid Docosahexaenoic acid
(C22:5n-6) (C22:6n-3; DHA)

Figure 6: Metabolism of the n-6 and n-3 fatty acids

Adopted and modified from Giovannini et al. 1995.

Many clinical studies have assessed the effect of n-3 LCPUFA supplementation in
restoring health and maintaining well-being, and the medical relevance of the topic is
underpinned by =15 Cochrane Database Systematic Reviews of n-3 LCPUFA
supplementation. These systematic reviews assessed the affect of dietary n-3
LCPUFA supplementation on preterm (Schulzke et al. 2011) and full-term infants
(Simmer et al. 2008) as well as the potential role of n-3 LCPUFA adjuvant therapy in
type 2 diabetes mellitus (Hartweg et al. 2008), cardiovascular disease (Hooper et al.
2004), cancer cachexia (Dewey et al. 2007), Crohn’s disease (Turner et al. 2009),
ulcerative colitis (Turner et al. 2007; De Ley et al. 2007), cystic fibrosis (Oliver et al.
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2007), intermittent claudication (Sommerfield et al. 2007), asthma (Thien et al. 2002),
schizophrenia (Irving et al. 2006), dementia (Lim et al. 2006), bipolar disorder
(Montgomery et al. 2008), and multiple sclerosis (Farinotti et al. 2007) and in kidney
transplant recipients (Lim et al. 2007). The majority of these reviews concluded that,
although there is some indication of the beneficial effect of n-3 LCPUFA

supplementation, further studies are needed to establish efficacy of intervention.

One of the practical difficulties of designing and carrying out clinical trials
investigating the effect of n-3 LCPUFA supplementation is the lack of a generally
accepted biomarker that reflects increased n-3 LCPUFA status in response to
enhanced dietary intake. This link is essential to deciding whether the negative
outcome of a controlled trial, ie, lack of functional change in response to
supplementation, can be related to either the basic hypothesis on clinical effect, lack
of subject compliance, or the inability of dietary intervention to evoke changes in the
fatty acid composition of relevant biological compartments within the body. It is even
more important in epidemiologic studies assessing health effects of n-3 LCPUFA
status in populations over long periods to understand which biomarkers truly reflect
n-3 LCPUFA status.

4.2. Methods

4.2.1. Inclusion criteria

To be included in the review, a study needed to meet all of the following
characteristics: 1) an intervention study in humans (RCT, controlled clinical trial, or
B/A study); 2) reported n-3 LCPUFA status at baseline and after supplementation; 3)
involved supplementation with marine oils (fish, whale, or seal oil), seafoods (caviar
or oily fish), single cell oils, or DHA-enriched eggs; 4) minimum duration of
supplementation of 2 wk; 5) described a daily dose of n-3 LCPUFA supplement; and

6) included participants who were healthy individuals.

4.2.2. Search strategy
Ovid MEDLINE (www.ovid.com), EMBASE (Ovid) (www.ovid.com), and the Cochrane
Library CENTRAL database (www.thecochranelibrary.com) were searched from

inception to September 2007 for intervention studies of n-3 LCPUFA using text terms
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with appropriate truncation and relevant indexing terms. The search was in the form,
[n-3 LCPUFA terms] and [intervention study terms] and [human studies]. The OVID
Medline search strategy can be found in Table 13, and the strategies for the other
databases were based on the relevant OVID Medline strategy. We did not apply any

language restriction.

An Ovid MEDLINE search was conducted for reviews of n-3 LCPUFA status
assessment. Ten reviews were collected in full text and the reference lists checked
(Arab 2003; Lands 1995; Baylin and Campos 2006; Katan et al. 1991; Fleith and
Clandinin 2005, Carlson 1994; Innis 1992; Cantwell 2000; Morris 2003; Arterburn et
al. 2006). Studies that appeared to be intervention studies but that had not been

already assessed for inclusion were collected.

Three experts on n-3 LCPUFAs were contacted (Carlo Agostoni, University of Milan;
Berthold Koletzko, University of Munich; and Cristina Campoy, University of
Granada). The aim of the review was explained and our current list of included
studies forwarded with a request to suggest any additional studies they believed may
have been appropriate for inclusion. These were assessed for inclusion according to

the criteria listed above.
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Table 13: Search strategy for Ovid MEDLINE from 1950 to September Week 2, 2007

# Search History Results
1 Eicosapentaenoic Acid/ 2615

2 eicosapent?enoic acid$".mp. 4224

3 EPA.mp. 5110

4 Docosahexaenoic Acids/ 3135

5 "docosahex?enoic acid$".mp. 5140

6 DHA.mp. 4360

7 "docosapent?enoic acid$".mp. 393

8 DPA.mp. 1159

9 fish oils/ or cod liver oil/ or fatty acids, omega-3/ 8069
10 “fish oil$".mp. 6008
11 "cod liver oil$".mp. 562

12 "icosapent?enoic acid$".mp. 22

13 1or2or3ord4or50r6or7or8or9orl0orllorl2 19650
14 randomized controlled trial.pt. 242634
15 controlled clinical trial.pt. 76223
16 randomized controlled trials.sh. 51000
17 random allocation.sh. 59065
18 double blind method.sh. 93460
19 single blind method.sh. 11340
20 14orl150r16o0r17or18or 19 411123
21 13 and 20 1906
22 ("n-3" adj4 "FA$").mp. 4783
23 ("n-3" adj4 "PUFAS$").mp. 1435
24 ("n3" adj4 "fatty$").mp. 64

25 ("n3" adj4 "PUFAS$").mp. 24

26 "omega-3".mp. 6367
27 exp fatty acids, omega-3/ or exp fish oils/ 12358
28 omega3$.mp. 240

29 22 or 23 or 24 or 25 or 26 or 27 or 28 15568
30 deplet$.mp. 103076
31 29 and 30 265

32 21lor31 2161
33 (animals not humans).sh. 3181772
34 32 not 33 1774

Abbreviations: $, truncation symbol; ?, optional wild card character; adj, adjacent
operator; exp, exploded subject heading word; pt, publication type; sh, subject heading
word; mp = title, original title, abstract, name of substance word, subject heading word.

4.2.3. Data collection and synthesis

Titles and abstracts were screened for inclusion by a single reviewer. The high

number of items to be evaluated made duplicate assessment at this stage unfeasible.

The full text of all articles collected was screened for inclusion by using an
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inclusion/exclusion form completed by 2 independent reviewers. Where the 2
reviewers disagreed, the study was discussed and a consensus decision reached
where possible. If this was not possible, then a third reviewer was asked to arbitrate.
Data for each included study were extracted into a Microsoft Access 2003 database
file (Microsoft Corp, Redmond, WA) by a single reviewer. In doubtful cases, studies
were discussed with the review team before beginning full data extraction. Where
necessary, units of measurement were recalculated to percentage contribution of n-3
LCPUFA to total fatty acid composition of the relevant lipid fraction (% weight/weight).
The data for the given fatty acid fraction were divided into tertiles, which were used to
define low, moderate, and high DHA status. If data from more than one lipid fraction
were published in the same study, DHA status was defined by using plasma

phospholipid fatty acid data.

We used formal inclusion/exclusion criteria and applied standard operation
procedures for data extraction, validity assessment and meta-analysis (Hooper et al.
2009). Meta-analysis was carried out with Cochrane software, Review Manager
version 4.2 (Cochrane Collaboration; www.cochrane.org), with random-effects model.
A statistically significant result indicated that the marker was indeed responding to
supplementation. Levels of the heterogeneity were noted (heterogeneity was
considered significant where P < 0.1 on the chi-square test or I > 50%).

Because there was a danger of categorizing some biomarkers as ineffective when
there actually was a shortage of data, such that one would not expect a statistically
significant effect size on pooling, we would declare a biomarker effective (statistically
significant pooled effect size; P < 0.05) or ineffective (statistically insignificant pooled
effect size; P = 0.05) only where the pooling included =3 studies and 250 participants
overall. Where there were <3 studies or <50 participants, it was stated that there

were insufficient data to make a decision (Hooper et al. 2009).

4.3. Results
4.3.1. Study inclusion

The flow diagram of the literature search for this review is shown in Figure 7.

Altogether 2733 titles and abstracts were identified via the electronic search, 255 of
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them appeared to be potentially relevant, and we attempted to collect them as full-
text articles. Fifteen full articles (6%) could not be collected, but 240 full-text articles
were available for detailed assessment for inclusion. Finally, 41 studies (divided into
45 arms) reported in 41 publications fulfilled the inclusion criteria (Table 14). In the
majority of cases, exclusion of articles was due to incomplete data presented,;
occasionally, an article did not describe an intervention or included nonhealthy
subjects.

Titles and abstracts retrieved from
electronic, bibliographic and expert
searches: 2733

T

v

Titles and abstracts that appeared
potentially relevant, ordered as full text

Titles and abstracts very unlikely to be
relevant: 2478

\ 4

papers: 255
; :I Full papers not available: 15
| Full papers assessed for inclusion: 240 |
; »| Papers excluded:
| Full papers included: 41 | Not supplementation or depletion
studies: 14
¢ Non healthy subjects: 30

Not including the micronutrient: 5

Sime(Es e et Baseline and later status or change not

Plasma: 6* reported: 133

Plasma phospholipid: 21* Not meeting criterion of minimal
Plasma triacylglycerol: 5* duration: 2

Plasma cholesteryl ester: 5* Not determined daily intake: 5
Plasma nonesterified fatty acid: 3* Imprecise data: 10

Erythrocyte: 6*

Erythrocyte phospholipid: 6*
Young erythrocyte ghosts: 1
Old erythrocyte ghosts: 1
Platelet: 8

Granulocytes: 1
Neutrophils: 1

Neutrophil phospholipid: 2
PBMC: 2

PBMC phospholipid: 3

LDL: 2

HDL phospholipid: 1

Figure 7: Flow diagram of the systematic literature search

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein;
PBMC, peripheral blood mononuclear cells.

*Number of studies reporting eicosapentaenoic acid values differs from the number reporting
docosahexaenoic acid values. Eicosapentaenoic acid data were available as follows:
plasma, 5 studies; plasma phospholipid, 16 studies; plasma triacylglycerol, 3 studies;

plasma cholesteryl ester, 4 studies; plasma nonesterified fatty acid, 1 study;
erythrocyte,5 studies; and erythrocyte phospholipid, 3 studies.
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4.3.2. Quality of included studies

Of the 41 studies included, 34 were parallel RCTs (83%) and 7 were B/A studies; no
non-randomized controlled clinical trials were included (Table 14). The majority of
studies were carried out in Europe (26 studies) and North America (10 studies). The
studies ranged in size from 7 to 341 participants. Fourteen studies were 2—-4 wk
duration, 9 studies were 5-10 wk, 13 studies were 11-17 wk, and 5 studies were 6
mo. The supplement was marine oil or seafood in 35 studies, single cell oil in 5, and
DHA-rich eggs in 3 studies. The most common placebo was vegetable oil (25
studies). The studies used a wide range of supplementation doses, from 83 mg/day
DHA (Hoffman et al. 2004) to 4900 mg/day DHA (Kew et al. 2004).

Aspects of methodologic quality are described in Table 15. The method of
randomization was poorly described in the majority of studies. There were only a
moderate number of dropouts in most of the studies, but reasons often were not
reported. Attempts were made to assess compliance objectively in 24 studies, but the
results of the checks, i.e. levels of compliance, were not comprehensively reported
(in only 12 studies was there at least some attempt to describe it) (Table 15). Overall
the risk of bias was low in only 5 studies (Allard et al. 1997; Higgins et al. 2001;
Hoffman et al. 2004, Itomura et al. 2005; Kew et al. 2004).

4.3.3. Biomarkers identified and evaluated

Within the 41 included studies, 18 different biomarkers were used to characterize
changes in n-3 LCPUFA status. We discuss in detail only those biomarkers that were
used in 3 independent studies; however, the effects of n-3 LCPUFA supplementation
on every biomarker are detailed in Table 16. In this thesis, we focus primarily on the

effect of DHA supplementation on biomarkers reflecting changes in DHA values.
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Table 16: Primary analyses (the longest duration and the highest supplementation
dose) for each of the identified biomarkers for supplementation with n-3 long-chain
polyunsaturated fatty acids

No. of studies Appears
(no. of included Pooled effect size, Heterogeneity effective as a

Biomarker participants) MD (95% CI)* ” (%) biomarker?
Plasma DHA 6 (262) 1.13[0.54, 1.71] 88.7 Yes
Plasma phospholipid DHA 21 (923) 2.45[1.87, 3.02] 94.0 Yes
Plasma phospholipid EPA 16 (759) 4.07 [2.90, 5.24])° 99.0 Yes
Plasma triacylglycerol DHA 5 (116) 0.86 [0.08, 1.65] 92.1 Yes
Plasma cholesteryl ester DHA 5 (110) 0.42[0.13, 0.71] 92.2 Yes
Plasma nonesterified DHA 3(72) 1.35[0.11, 2.59] 95.0 Yes
Erythrocyte DHA 6 (277) 2.33[0.86, 3.81] 94.0 Yes
Erythrocyte phospholipid DHA 6 (229) 0.97 [0.50, 1.43] 72.3 Yes
Young erythrocyte ghosts DHA 1(17) -1.00 [-4.07, 2.07)° N/A Unclear
Old erythrocyte ghosts DHA 1(17) 1.70[0.32, 3.08]° N/A Unclear
Platelet DHA 8 (235) 1.25[0.87, 1.64] 79.9 Yes
Granulocyte DHA 1 (40) 0.60 [0.32, 0.88] N/A Unclear
Neutrophil DHA 1 (20) 2.80[0.01, 5.59] N/A Unclear
Neutrophil phospholipid DHA 2 (28) 0.04 [-0.15, 0.23] N/A Unclear
PBMC DHA 2 (36) 0.06 [-0.36, 0.48] 0 Unclear
PBMC phospholipid DHA 3(94) 0.70 [-0.66, 2.06] 93.9 No

LDL DHA 2 (73) 0.60 [0.59, 0.61] 0 Unclear
HDL phospholipid DHA 1) 0.80 [0.07, 1.53] N/A Unclear

Abbreviations: MD, mean difference; Cl, confidence interval; DHA, docosahexaenoic acid; EPA,
eicosapentaenoic acid; N/A, no available data; PBMC, peripheral blood mononuclear cell; LDL, low-
density lipoprotein; HDL, high-density lipoprotein.

! all studies are in %DHA of total fatty acids unless otherwise stated; 2, %EPA of total fatty acid; °,
pg/mg protein.

To claim that a biomarker was effective (reflected change in status) within a review, 3 conditions needed to be
meet: 1) statistical significance within a forest plot (95% CI did not include 0 or P <0.05), 2) 23 trials contributing
data, and 3) =50 participants contributing data in the intervention and control arm. To claim that a biomarker was
ineffective, 4 conditions had to be met: 1) lack of statistical significance within a forest plot (95% CI included O or
P =0.05); 2) 23 trials contributing data; 3) =50 participants contributing data in the intervention and control arm.

4.3.3.1. Total plasma lipid DHA

Six RCTs contained eligible data on the effect of DHA supplementation on the
percentage contribution of DHA to the fatty acid composition of total plasma lipids.
The primary analysis, to assess whether the biomarker was responding to change in
DHA status, of the largest dose and longest duration of supplementation within each
publication showed a statistically significant increase in each study and also in the
pooled response (MD: 1.13% DHA; 95% CI: 0.54, 1.71; 262 participants; 1> = 89%).
This suggested that total plasma lipid DHA is an effective biomarker of DHA status
(Table 16). However, the high level of heterogeneity in this primary analysis means
that the biomarker responded differently in the included studies; the reasons for
these differences were explored through subgrouping of studies by their different

characteristics.

When the data were subgrouped according to dose of supplementation (Figure 8),

even the lowest-dose category (<300 mg DHA/day) showed a statistically significant
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effect (P = 0.0007) over 14-25wk. There appeared to be an almost linear increase in
total plasma DHA values with increasing supplementation dose: the percentage of
DHA in plasma lipids was >8-fold higher when supplementing with DHA doses >2500
mg DHA/day was compared with doses <300 mg DHA/day (comparison of subgroup
MD, Figure 8). Total plasma DHA appeared to usefully reflect changed DHA status in
studies of adults, mixed sex studies (same results as for adult studies), those with
moderate baseline plasma DHA status, those supplemented with marine oil or
seafood, and all those whose doses were <2500 mg DHA/day. (Table 17 and Figure
8). Although there were several subgroups for which there were insufficient studies to
be clear about how effective the biomarker was in that subgroup, there were no
subgroups for which total plasma DHA clearly did not reflect changes in DHA status.

Table 17: Subgroup analysis of the results of the systematic review of data on
changes in total plasma docosahexaenoic acid (DHA) to supplementation with DHA

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% ClI) RCTs B/A ? useful?

% of total fatty acid no. of studies (no. of participants) %
All studies (primary outcome) 1.13 [0.54, 1.71] 6 (262) N/A 88.7 Yes
Pregnancy and lactation 0.34 [0.16, 0.53] 2 (75) N/A 0 Unclear
Adults 1.72 [0.80, 2.64] 4 (187) N/A 81.6 Yes
Mixed 1.72[0.80, 2.64] 4 (187) N/A 81.6 Yes
Females 0.34 [0.16, 0.53] 2 (75) N/A 0 Unclear
Low status at baseline* 0.37[0.10, 0.65] 2 (87) N/A 13.8 Unclear
Moderate status at baseline®  2.12 [1.22, 3.03] 3 (159) N/A 64.0 Yes
High status at baseline* 0.40[0.12, 0.68] 1(16) N/A N/A Unclear
Marine oil or seafood 0.79[0.31, 1.26] 5(183) N/A 81.6 Yes
Single cell oil 2.66 [1.78, 3.54] 1(79) N/A N/A Unclear
<300 mg DHA/day 0.30[0.13, 0.48] 3(122) N/A 0 Yes
300 to 1500 mg DHA/day 0.62 [0.30, 0.95] 3(185) N/A 0 Yes
1500 to 2500 mg DHA/day 1.85[1.01, 2.70] 3(195) N/A 64.7 Yes
>2500 mg DHA/day 2.60[0.92, 4.28] 1 (20) N/A N/A Unclear

Abbreviations: RCT, randomized controlled trial; B/A, before-after study; MD, mean difference; ClI,
confidence interval; N/A, no available data.

! Data were divided into tertiles to define low, moderate and high baseline status. If data for more than
one lipid fraction were published in the same study, plasma phospholipid fatty acid data were used to
define DHA baseline status.

To claim that a biomarker was effective (reflected change in status) within a review, 3 conditions needed to be
met: 1) statistical significance within a forest plot (95% CI did not include 0 or P <0.05), 2) =3 trials contributing
data, and 3) =50 participants contributing data in the intervention and control arm. To claim that a biomarker was
ineffective, 3 conditions had to be met: 1) lack of statistical significance within a forest plot (95% CI included O or
P 20.05); 2) 23 trials contributing data; 3) 250 participants contributing data in the intervention and control arm.
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Supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 <300 mg DHA/day

Higgins et al. 2001 A 213 042 33 211 088 14 13.0% 0.02 [-0.46, 0.50] -
Montgomery et al. 2003 14 056 30 11 041 29 485% 0.30 [0.05, 0.55] L
Sanjurjo et al. 2004 317 026 8 277 031 8 385% 0.40 [0.12, 0.68] &+
Subtotal (95% CI) 71 51 100.0% 0.30[0.13, 0.48] )

Heterogeneity: Tau? = 0.00; Chi2 = 1.78, df = 2 (P = 0.41); 12 = 0%
Test for overall effect: Z = 3.40 (P = 0.0007)

1.1.2 300 to 1500 mg DHA/day

Higgins et al. 2001 B 276 069 14 211 088 14 30.4% 0.65 [0.06, 1.24] —
Palozza et al. 1996 C 35 127 10 25 158 10 6.6%  1.00[-0.26, 2.26] N
Vognild et al. 1998 F 327 059 102 27 118 35 62.9% 0.57 [0.16, 0.98] &
Subtotal (95% CI) 126 59 100.0% 0.62 [0.30, 0.95] 2

Heterogeneity: Tau2 = 0.00; Chi2 = 0.42, df =2 (P = 0.81); 12 = 0%
Test for overall effect: Z = 3.78 (P = 0.0002)

1.1.3 1500 to 2500 mg DHA/day

Palozza et al. 1996 D 38 19 10 25 158 10 19.4% 1.30 [-0.23, 2.83] T %
Sanders et al. 2006 545 2.38 40 279 151 39 33.9% 2.66 [1.78, 3.54] — &
Vognild et al. 1998 G 42 0.78 61 2.7 1.18 35 46.7% 1.50 [1.06, 1.94] i+

Subtotal (95% CI) 111 84 100.0% 1.85[1.01, 2.70] ‘
Heterogeneity: Tau? = 0.35; Chi2 = 5.67, df = 2 (P = 0.06); 12 = 65%

Test for overall effect: Z = 4.31 (P < 0.0001)

1.1.4 >2500 mg DHA/day

Palozza et al. 1996 E 51 221 10 25 1.58 10 100.0% 2.60[0.92, 4.28] i
Subtotal (95% CI) 10 10 100.0% 2.60[0.92, 4.28]

Heterogeneity: Not applicable
Test for overall effect: Z = 3.03 (P = 0.002)
! 1 1 ]
T T T 1
-4 -2 0 2 4
Intervention lower  Intervention higher

Figure 8: Response of total plasma docosahexaenoic acid (DHA) to supplementation
with DHA [%DHA/total fatty acid composition (weight/weight)]

Specification of the groups as represented in the original articles: A, combined data of 0.3-g n-3
polyunsaturated fatty acid (PUFA) and 0.6-g n-3 PUFA groups; B, 0.9-g n-3 PUFA group; C, 2.5-g n-3
PUFA group; D, 5.1-g n-3 PUFA group; E, 7.7-g n-3 PUFA group; F, combined data of refined whale
oil, crude whale oil, and olive oil/cod liver oil groups; and G, combined data of cod liver oil and seal
oil/cod liver oil groups.

4.3.3.2. Plasma phospholipid DHA

Information on plasma phospholipid DHA was available for 21 studies (17 RCTs and
4 B/A studies). The primary analysis showed a highly significant increase of
percentage DHA in plasma phospholipids (MD: 2.45% DHA; 95% CI: 1.87, 3.02; 21
studies; 923 participants; 12 = 94%) but with high levels of heterogeneity (Table 16).

There were sufficient studies and participants and a sufficiently statistically significant
effect on plasma phospholipid DHA to declare the biomarker effective in the following
subgroups: adults; males; mixed sexes; females; those with low, moderate, or high

baseline DHA status; those who used either marine oil, seafood, or single cell oils;
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and those who had dose levels <2500 mg DHA/day. Although the response appeared
to increase with increasing doses of DHA <2500 mg/day, additional dose increases
did not appear to alter plasma phospholipid DHA further (Table 18 and Figure 9).
The effect was not significant in pregnancy and lactation. There were insufficient data
to assess whether it was a good biomarker in all other groups. Overall, plasma
phospholipid DHA appears to be a good biomarker of DHA status, which reacts
rapidly to supplementation and is sensitive to supplementation dose.

Table 18: Subgroup analysis of the results of the systematic review of data on
changes in plasma phospholipid docosahexaenoic acid (DHA) to supplementation
with DHA

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% Cl) RCTs B/A 2 useful?
% of total fatty acid no. of studies (no. of participants) %

All studies (primary outcome) 2.45[1.87, 3.02] 17 (885) 4 (38) 94.0 Yes
Pregnancy and lactation 1.44 [-0.01, 2.89] 3 (367) N/A 95.0 No
Adults 2.47 [1.79, 3.16] 11 (439) 4 (38) 935 Yes
Post-menopausal women 3.10[2.39, 3.81] 1(35) N/A N/A Unclear
The elderly 0.70 [-0.56, 1.96] 1(31) N/A N/A Unclear
Low income and immigrants  6.30 [5.29, 7.31] 1(13) N/A N/A Unclear
Males 2.72[1.51, 3.94] 6 (163) 1(15) 96.6 Yes
Mixed 2.57[1.07, 4.07] 6 (293) 1(8) 93.9 Yes
Females 2.09[1.40, 2.78] 5 (429) 2 (15) 89.1 Yes
Low status at baseline 2.57 [1.89, 3.26] 5 (120) N/A 60.0 Yes
Moderate status at baseline 2.64 [1.67, 3.60] 8 (257) 3(30) 96.7 Yes
High status at baseline 1.93[1.24, 2.63] 4 (508) 1(8) 73.8 Yes
Marine oil or seafood 2.59[1.99, 3.18] 12 (747) 4 (38) 92.2 Yes
Single cell ail 3.16 [0.56, 5.77] 3 (64) N/A 97.0 Yes
DHA-rich egg 0.56 [0.16, 0.97] 2(74) N/A 0 Unclear
<300 mg DHA/day 0.85[0.62, 1.09] 4 (138) 1(8) 7.1 Yes
300 to 1500 mg DHA/day 1.99[1.40, 2.58] 11 (686) 3 (30) 91.6 Yes
1500 to 2500 mg DHA/day 3.83[2.78, 4.87] 5 (250) 1(8) 92.6 Yes
>2500 mg DHA/day 2.74[2.03, 3.44] 2 (31) N/A 0 Unclear

See details below Table 17.

4.3.3.3. Plasma phospholipid EPA
In addition to the evaluation of DHA biomarkers in response to DHA intake, we also

examined the response of plasma phospholipid EPA to dietary supplementation with
EPA. Data on plasma phospholipid EPA were available from 16 studies (12 RCTs
and 4 B/A studies). Primary analysis of the largest dose and longest duration of
intervention showed significant increase of plasma phospholipid EPA (MD: 4.07%
EPA; 95% CI: 2.90, 5.24; 16 studies; 759 participants; I? = 99%).
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Supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% CI
1.2.1 <300 mg DHA/day
Engstrom et al. 2003 E 4.6 0.5 8 3.7 02 8 34.4% 0.90[0.53, 1.27] L]
Miles et al. 2004 | 42 095 10 29 0.63 10 10.6% 1.30[0.59, 2.01] -
Otto et al. 2000 * G 424 0.83 29 327 07 15 23.2% 0.97 [0.50, 1.44] w
Smuts et al. 2003 3.73 1.08 18 3.32 0.64 16 14.9% 0.41[-0.18, 1.00] ul
Surai et al. 2000 49 0.89 20 42 0.89 20 16.9% 0.70[0.15, 1.25] -
Subtotal (95% CI) 85 69 100.0% 0.85[0.62, 1.09] ’
Heterogeneity: Tauz = 0.01; Chiz2=4.31, df =4 (P = 0.37); 2=7%
Test for overall effect: Z = 7.12 (P < 0.00001)
1.2.2 300 to 1500 mg DHA/day
Conquer & Holub 1998 L 8 0.9 6 36 06 6 7.7% 4.40 [3.53, 5.27] -
DelLany et al. 1990 D 28 045 5 13 045 5 85% 1.50 [0.94, 2.06] -
Engstrom et al. 2003 F 5.6 0.9 8 43 07 8 7.9% 1.30[0.51, 2.09] -
Helland et al. 2006 8.27 192 158 5.78 0.34 151 9.0% 2.49[2.19, 2.79] -
Hodge et al. 1993 55 1.7 7 3 09 7 6.0% 2.50[1.08, 3.92] -
Kew, 2004 () B 7.6 3.65 11 73 531 11 1.9% 0.30 [-3.51, 4.11] - 1
Khan et al. 2003 46 212 28 213 172 28 7.2% 2.47[1.46, 3.48] -
Mantzioris et al. 1994 7.6 1 15 3.7 06 15 8.4% 3.90 [3.31, 4.49] -
Miles et al. 2004 J 427 115 30 29 0.63 10 8.5% 1.37[0.80, 1.94] -
Otto et al. 2000 * H 5.09 0.79 27 327 07 15 8.7% 1.82[1.36, 2.28] -
Otto et al. 2000 ** 597 1.18 12 4.6 1.07 12 7.6% 1.37[0.47, 2.27] -
Rees et al. 2006 1M 573 151 46 51 2 16 7.1% 0.63 [-0.44, 1.70] e
Rees et al. 2006 2M 4.37 0.74 69 3.4 049 24 9.0% 0.97 [0.71, 1.23] *
Yaqoob et al. 2000 49 339 8 4 311 8 25% 0.90 [-2.29, 4.09] -
Subtotal (95% CI) 430 316 100.0% 1.99 [1.40, 2.58] ’
Heterogeneity: Tau2 = 0.99; Chi2 = 155.17, df = 13 (P < 0.00001); 12 = 92%
Test for overall effect: Z = 6.59 (P < 0.00001)
1.2.3 1500 to 2500 mg DHA/day
Allard et al. 1997 8.11 1.1 18 3.32 044 19 17.3% 4.79 [4.24,5.34] -
Bgnaa et al. 1992 10.1 1.8 72 7.7 18 74 17.2% 2.40[1.82, 2.98] -
Conquer & Holub 1998 K 9.9 1.2 7 36 06 6 15.5% 6.30[5.29, 7.31] -
Conquer et al. 1999 6.4 1.2 9 2.8 0.63 10 16.1% 3.60[2.72, 4.48] -
Laidlaw & Holub 2003 6.37 0.62 8 341 071 8 17.0% 2.96 [2.31, 3.61] -
Stark et al. 2000 6.4 0.85 18 33 124 17  16.8% 3.10[2.39, 3.81] -
Subtotal (95% CI) 132 134 100.0% 3.83[2.78, 4.87] ‘
Heterogeneity: Tau? = 1.56; Chi2 = 67.43, df = 5 (P < 0.00001); 12 = 93%
Test for overall effect: Z = 7.19 (P < 0.00001)
1.2.4 >2500 mg DHA/day
DelLany et al. 1990 C 4 0.6 4 13 045 5 98.9% 2.70[1.99, 3.41] .
Kew et al. 2004 A 135 10.28 11 73 531 11 11%  6.20 [-0.64, 13.04] T
Subtotal (95% ClI) 15 16 100.0% 2.74[2.03, 3.44] ’
Heterogeneity: Tau? = 0.00; Chi2 = 1.00, df = 1 (P = 0.32); I2= 0%
Test for overall effect: Z = 7.62 (P < 0.00001)
} } } {
-10 -5 0 5 10
Intervention lower Intervention higher

Figure 9: Response of plasma phospholipid docosahexaenoic acid (DHA) to
supplementation with DHA [%DHA/total fatty acid composition (weight/weight)]

Specification of the groups as represented in the original articles: A, DHA group; B, eicosapentaenoic
acid group; C, 20-g fish oil group; D, 5-g fish oil group; E, ordinary caviar paste group; F, fish oil—
enriched caviar paste group; G, combined data of low fish oil and low DHA groups; H, combined data
of high fish oil and high DHA groups; I, blend 3 group; J, combined data of eicosapentaenoic acid,
blend 1, and blend 2 groups; K, high DHA group; L, low DHA group; and M, combined data of low,
moderate, and high groups. 1 indicates the older group within the study, and 2, the younger group
within the study.

*, Otto et al. Nutr Res 2000.; **, Otto et al. Prostaglandins Leukot Essent Fatty Acids 2000.
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There was evidence that phospholipid EPA was an effective biomarker of EPA status
in adults; males; females; mixed sex populations; those with low, moderate, or high
baseline EPA status; and those given marine oil or seafood (Table 19). Subgroup
analyses showed significant effects in all dose categories, and increased response
with increased dose (although this did not decrease heterogeneity between studies a
great deal) (Figure 10). No subgroups suggested that plasma phospholipid EPA was
not an effective biomarker of EPA status, but there were insufficient studies to assess
this in some groups. Overall, plasma phospholipid EPA appears to be a good

biomarker of EPA status.

Table 19: Subgroup analysis of the results of the systematic review of data on

changes in plasma phospholipid EPA to supplementation with EPA

Pooled effect size

Study design

I-zleterogeneity Biomarker

Analysis MD (95% CI) RCTs B/A | useful?
% of total fatty acid no. of studies (no. of participants) %
All studies (primary outcome) 4.07 [2.90, 5.24] 12 (721) 4 (38) 99.3 Yes
Pregnancy and lactation 1.69 [1.52, 1.86] 1(309) N/A N/A Unclear
Adults 3.88 [2.57, 5.19] 9 (346) 4 (38) 98.7 Yes
Post-menopausal women 5.68 [5.43, 5.93] 1(35) N/A N/A Unclear
The elderly 7.20 [6.22, 8.18] 1(31) N/A N/A Unclear
Males 5.08 [3.80, 6.35] 6 (163) 1 (15) 91.8 Yes
Mixed 3.77[0.48, 7.07] 3(184) 1(8) 98.0 Yes
Females 2.96 [1.04, 4.88] 3 (374) 2 (15) 99.8 Yes
Low status at baseline 3.61[2.33, 4.89] 4 (64) N/A 78.7 Yes
Moderate status at baseline 4.26, [1.97, 6.55] 4 (149) 3 (30) 99.7 Yes
High status at baseline 4.25[2.12, 6.37] 4 (508) 1(8) 98.6 Yes
Marine oil or seafood 4.07 [2.90, 5.24] 12 (721) 4 (38) 99.3 Yes
<300 mg EPA/day 0.36 [0.19, 0.54] 1 (45) 1(8) 0 Unclear
300 to 1500 mg EPA/day 2.01[1.61, 2.42] 7 (479) 2 (15) 82.1 Yes
1500 to 2500 mg EPA/day 4.08 [2.77, 5.38] 3(71) 2(23) 92.2 Yes
>2500 mg EPA/day 5.92 [4.95, 6,89] 6 (330) N/A 98.8 Yes

See details below Table 17.
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Supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 <300 mg EPA/day

Engstrém et al. 2003 E 1.8 06 8 12 04 8 12.0% 0.60[0.10, 1.10] ™
Otto et al. 2000 * G 082 047 30 049 015 15 88.0% 0.33[0.15, 0.51] .
Subtotal (95% Cl) 38 23 100.0% 0.36 [0.19, 0.54] ]

Heterogeneity: Tau? = 0.00; Chiz = 0.99, df = 1 (P = 0.32); I2= 0%
Test for overall effect: Z = 4.10 (P < 0.0001)

1.3.2 300 to 1500 mg EPA/day

Congquer et al. 1999 46 153 9 078 038 10 8.0% 3.82[2.79, 4.85] -
DeLany et al. 1990 D 23 067 5 03 067 5 9.8% 2.00 [1.17, 2.83] -
Engstrom et al. 2003 F 24 06 8 12 03 8 13.8% 1.20 [0.74, 1.66] -

Helland et al. 2006 2.33 1 158 064 038 151 16.4% 1.69 [1.52, 1.86] "

Hodge et al. 1993 26 03 7 06 03 7 153% 2.00 [1.69, 2.31] *

Kew et al. 2004 A 45 431 11 13 232 11  17% 3.20[0.31, 6.09] -
Miles et al. 2004 H 243 11 30 15 095 10 11.1% 0.93[0.22, 1.64] -

Rees et al. 2006 1K 52 12 16 19 12 16 9.8% 3.30 [2.47, 4.13] -
Rees et al. 2006 2K 3 096 23 1049 24 141% 2.00 [1.56, 2.44] -
Subtotal (95% CI) 267 242 100.0% 2.01[1.61, 2.42] )

Heterogeneity: Tau2 = 0.25; Chi2 = 44.65, df = 8 (P < 0.00001); 12 = 82%
Test for overall effect: Z = 9.83 (P < 0.00001)

1.3.3 1500 to 2500 mg EPA/day

Laidlaw & Holub 2003 6.36 1.47 8 112 037 8 20.3% 5.24[4.19, 6.29] =
Mantzioris et al. 1994 44 14 15 06 02 15 21.8% 3.80 [3.08, 4.52] -
Miles et al. 2004 | 41 19 10 15 095 10 18.9% 2.60[1.28, 3.92] —
Stark et al. 2000 6.44 0.42 18 076 0.33 17 23.1% 5.68 [5.43, 5.93] "
Yagoob et al. 2000 36 226 8 12 141 8 15.9% 2.40 [0.55, 4.25] -
Subtotal (95% Cl) 59 58 100.0% 4.08[2.77,5.38] <

Heterogeneity: Tau? = 1.90; Chi? = 51.34, df = 4 (P < 0.00001); I2 = 92%
Test for overall effect: Z = 6.13 (P < 0.00001)

1.3.4>2500 mg EPA/day

Heterogeneity: Tau? = 1.10; Chi2 = 32.04, df = 5 (P < 0.00001); I2 = 84%
Test for overall effect: Z = 11.99 (P < 0.00001)

Allard et al. 1997 885 238 18 099 035 19 17.2% 7.86 [6.75, 8.97] -
Bgnaa et al. 1992 85 25 72 24 13 74 202% 6.10 [5.45, 6.75) -
DeLany et al. 1990 C 54 06 4 03 067 5 19.1% 5.10 [4.27, 5.93] -
Kew, 2004 () B 72 63 11 13 232 11  47% 5.90 [1.93, 9.87] I
Rees et al. 2006 1J 82 177 30 19 12 16 18.9% 6.30 [5.44, 7.16) -
Rees et al. 2006 2J 55 223 46 1 049 24 20.0% 4.50[3.83,5.17) -
Subtotal (95% Cl) 181 149 100.0% 5.92[4.95, 6.89] ' 2

1

T

-10 -5 0 5 10
Intervention lower Intervention higher

Figure 10: Response of plasma phospholipid eicosapentaenoic acid (EPA) to
supplementation with EPA [%EPA/total fatty acid composition (weight/weight)]

Specification of the groups as represented in the original articles: A, docosahexaenoic acid (DHA)
group; B, EPA group; C, 20-g fish oil group; D, 5-g fish oil group; E, ordinary caviar paste group; F, fish
oil—enriched caviar paste group; G, combined data of low fish oil and high fish oil groups; H, combined
data of blend 1, blend 2, and blend 3 groups; I, EPA group; J, combined data of moderate EPA and
high EPA groups; and K, low EPA group. 1 indicates the older group within the study, and 2, the
younger group within the study.

4.3.3.4. Plasma triacylglycerol DHA
There were 5 studies of changes of plasma triacylglycerol DHA values in response to

DHA supplementation (3 RCTs and 2 B/A studies). The pooled response in the
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primary analysis of the largest dose and longest duration showed significant increase
(MD: 0.86% DHA; 95% CI: 0.08, 1.65; 5 studies; 116 participants; 12 = 92%) but with
significant heterogeneity (Table 16). There were too few studies to explore the
causes of heterogeneity with subgrouping. Plasma triacylglycerol DHA may be a
good biomarker of DHA status, but there were insufficient studies to allow exploration

of which population groups it may be most effective.

4.3.3.5. Plasma cholesteryl ester DHA

Response of plasma cholesteryl ester DHA values to DHA supplementation was
reported in 5 studies (3 RCTs and 2 B/A studies). Primary analysis showed a
significant increase of plasma cholesteryl ester DHA values on DHA supplementation
(MD: 0.42% DHA; 95% CI: 0.13, 0.71; 5 studies; 110 participants; 1> = 92%) with
significant heterogeneity (Table 16). Although there were no data for the >2500 or
1500-2500 mg DHA/day dose categories, we observed significant increases in the
lower dose categories. There were insufficient studies for further subgrouping.
Plasma cholesteryl ester DHA appears to be a good biomarker of DHA status at
lower-dose supplementation, but it is not clear within which population groups it is

effective or whether it works well at higher doses of supplementation.

4.3.3.6. Plasma nonesterified fatty acid DHA

Three RCTs assessed the contribution of DHA to plasma nonesterified fatty acids
after DHA supplementation in adults. The primary analysis evaluating the largest
dose and longest duration suggested a statistically significant response of plasma
nonesterified fatty acid DHA (MD: 1.35% DHA; 95% CI: 0.11, 2.59; 3 studies; 72
participants; 1> = 95%) (Table 16). There were insufficient studies to perform
subgroup analysis. Plasma nonesterified fatty acid DHA may be a good biomarker of
DHA status, but there were insufficient studies to allow exploration of

appropriateness of its use for different population groups and doses.

4.3.3.7. Erythrocyte membrane total lipid DHA

Changes in the contribution of DHA to total erythrocyte membrane lipids on DHA
supplementation were examined in 6 RCTs. The primary analysis showed a
statistically significant increase (MD: 2.33% DHA; 95% CI: 0.86, 3.81; 6 studies; 277
participants; 1* = 94%) with significant heterogeneity (Table 16). There were 2 RCTs
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each in infants, pregnant or lactating women, and adults, so there were insufficient
studies to be sure whether erythrocyte DHA was a good marker of DHA status in any
single group. There was evidence that erythrocyte DHA was a good marker for
studies of mixed sex groups with moderate baseline DHA status and those
supplemented with marine oil or seafood and/or given 300-1500 mg DHA/day (Table
20). Inclusion of every dose of supplementation resulted in 9 substudies (Figure 11).
Although the number of studies was insufficient to assess biomarker effectiveness in
studies providing >1500 mg DHA/day, and the effect was not statistically significant
(P = 0.09) in the lowest dose (<300 mg DHA/day), the forest plot suggested that
erythrocyte membrane lipid DHA rose with supplementation dose. Erythrocyte
membrane total lipid DHA appears to be a good biomarker of DHA status, and the
data suggest that there is a dose response, which may explain some of the
heterogeneity in the primary analysis. Although it appears to be an effective

biomarker in infants for most doses, confirmation is not possible due to limited data.

Table 20: Subgroup analysis of the results of the systematic review of data on
changes in total erythrocyte docosahexaenoic acid (DHA) to supplementation with
DHA

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% CI) RCTs B/A 2 useful?

% of total fatty acid no. of studies (no. of participants) %
All studies (primary outcome) 2.33 [0.86, 3.81] 6 (277) N/A 94.0 Yes
Infants 2.40[1.82, 2.98] 2 (99) N/A 0 Unclear
Pregnancy and lactation 2.55[-1.07, 6.18] 2 (130) N/A 98.7 Unclear
Adults 1.98[-1.34, 5.31] 2 (48) N/A 77.7 Unclear
Males 0.40 [-1.45, 2.25] 1(28) N/A N/A Unclear
Mixed 2.47 [1.91, 3.04] 3 (119) N/A 0 Yes
Females 2.55[-1.07, 6.18] 2 (130) N/A 98.7 Unclear
Low status at baseline 0.70[0.08, 1.32] 1(57) N/A N/A Unclear
Moderate status at baseline 2.14[0.54, 3.75] 3(99) N/A 64.4 Yes
High status at baseline 3.37[1.32,5.43] 2 (121) N/A 94.1 Unclear
Marine oil or seafood 2.30[0.45, 4.15] 5 (226) N/A 95.2 Yes
DHA-rich egg 2.50[1.69, 3.31] 1(51) N/A N/A Unclear
<300 mg DHA/day 1.24 [-0.19, 2.66] 3(137) N/A 85.0 No
300 to 1500 mg DHA/day 1.79 [0.60, 2.99] 3(111) N/A 50.0 Yes
1500 to 2500 mg DHA/day 3.34[1.09, 5.59] 2(93) N/A 89.0 Unclear
>2500 mg DHA/day 3.80[1.26, 6.34] 1 (20) N/A N/A Unclear

See details below Table 17.
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Supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI

1.4.1 <300 mg DHA/day
Hoffman et al. 2004 55 1.67 25 3 125 26 36.8% 2.50[1.69, 3.31] L
Katan et al. 1997 A 46 194 15 4.4 3 14 24.5% 0.20 [-1.65, 2.05] -
Montgomery et al. 2003 3.1 1.4 29 2.4 0.96 28 38.7% 0.70[0.08, 1.32] L
Subtotal (95% CI) 69 68 100.0% 1.24[-0.19, 2.66] ‘
Heterogeneity: Tau? = 1.26; Chiz2 = 13.32, df = 2 (P = 0.001); 12 = 85%
Test for overall effect: Z = 1.71 (P = 0.09)
1.4.2 300 to 1500 mg DHA/day
Damsgaard et al. 2007 7.7 147 24 54 147 24 49.5% 2.30[1.47,3.13] &
Katan et al. 1997 B 48 1.87 29 4.4 3 14 27.8% 0.40 [-1.31, 2.11] —E
Palozza et al. 1996 C 7.2 285 10 4.8 1.58 10 22.7% 2.40[0.38, 4.42] —
Subtotal (95% CI) 63 48 100.0% 1.79[0.60, 2.99] ‘
Heterogeneity: Tau? = 0.57; Chi2 = 4.00, df = 2 (P = 0.14); I2 = 50%
Test for overall effect: Z = 2.95 (P = 0.003)
1.4.3 1500 to 2500 mg DHA/day
Dustan et al. 2004 11 1.2 36 6.6 1.22 37 54.0% 4.40 [3.84, 4.96] |
Palozza et al. 1996 D 69 158 10 48 158 10 46.0% 2.10[0.72, 3.48] -
Subtotal (95% CI) 46 47 100.0% 3.34[1.09, 5.59] ’
Heterogeneity: Tau? = 2.36; Chiz2 = 9.13, df = 1 (P = 0.003); 12 = 89%
Test for overall effect: Z = 2.91 (P = 0.004)
1.4.4 >2500 mg DHA/day
Palozza et al. 1996 E 8.6 3.79 10 4.8 1.58 10 100.0% 3.80[1.26, 6.34] i
Subtotal (95% CI) 10 10 100.0% 3.80[1.26, 6.34]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.93 (P = 0.003)

} } } {

-10 -5 0 5 10
Intervention lower  Intervention higher

Figure 11: Response of total erythrocyte docosahexaenoic acid (DHA) to
supplementation with DHA [%DHA/total fatty acid composition (weight/weight)]

Specification of the groups as represented in the original articles: A, low fish oil group; B, combined
data of middle fish oil and high fish oil groups; C, 2.5-g n—3 polyunsaturated fatty acid (PUFA) group;
D, 5.1-g n—3 PUFA group; and E, 7.7-g n—3 PUFA group.

4.3.3.8. Erythrocyte membrane phospholipid DHA

Data on changes of erythrocyte membrane phospholipid DHA values on DHA
supplementation were available in 6 RCTs. Primary analysis of the largest dose and
longest duration showed a statistically significant increase in DHA values (MD: 0.97%
DHA; 95% CI: 0.50, 1.43; 6 studies; 229 participants; 1> = 72%) with important
heterogeneity (Table 16). Subgrouping suggested that erythrocyte phospholipid DHA
is a good marker of DHA status in adults, females, those of moderate DHA status,
and in those given single cell oils (Table 21). We included 7 substudies in the
extended analysis of all doses. Although there were no data for the >2500 mg
DHA/day dose category, we observed significant increases in the other 3 dose
categories, although there were sufficient studies to declare the biomarker effective

only in the 300-1500 mg DHA/day subgroup. Erythrocyte membrane phospholipid
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DHA appears to be a good biomarker of DHA status. Although it may be an effective
biomarker in adults, in children and adolescents, in pregnant or lactating women, and

at most doses, this cannot be confirmed due to limited data.

Table 21: Subgroup analysis of the results of the systematic review of data on
changes in erythrocyte phospholipid docosahexaenoic acid (DHA) to
supplementation with DHA,

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% Cl) RCTs B/A ” useful?

% of total fatty acid no. of studies (no. of participants) %
All studies (primary outcome) 0.97 [0.50, 1.43] 6 (229) N/A 72.3 Yes
Children and adolescents 0.50 [0.02, 0.98] 1 (49) N/A N/A Unclear
Pregnancy and lactation 0.68 [0.22, 1.13] 2 (58) N/A 27.4 Unclear
Adults 1.57 [0.47, 2.67] 3 (122) N/A 84.0 Yes
Mixed 0.95[-0.03, 1.92] 2 (128) N/A 77.1 Unclear
Females 1.02 [0.38, 1.66] 4 (101) N/A 78.0 Yes
Moderate status at baseline 0.73[0.45, 1.02] 5 (213) N/A 30.9 Yes
High status at baseline 2.80[1.66, 3.94] 1(16) N/A N/A Unclear
Marine oil or seafood 1.59 [-0.66, 3.84] 2 (65) N/A 92.5 Unclear
Single cell ail 0.91 [0.55, 1.27] 3(130) N/A 28.6 Yes
DHA-rich egg 0.38 [-0.27, 1.03] 1(34) N/A N/A Unclear
<300 mg DHA/day 0.53[0.24, 0.81] 2 (78) N/A 0 Unclear
300 to 1500 mg DHA/day 0.76 [0.53, 0.99] 3 (115) N/A 0 Yes
1500 to 2500 mg DHA/day 2.09 [0.82, 3.35] 2 (95) N/A 70.1 Unclear

See details below Table 17.

4.3.3.9. Total platelet lipid DHA

Eight individual studies (4 RCTs and 4 B/A studies) reported changes of total platelet
DHA values with DHA supplementation. The primary analysis showed statistically
significant increases in response to supplementation (MD: 1.25% DHA; 95% CI: 0.87,
1.64; 8 studies; 235 participants; 12 = 80%) with significant heterogeneity (Table 16).
Although no data were available for the lowest DHA dose category, increases were
seen at the other 3 doses (Table 22 and Figure 12). Subgrouping suggested that
total platelet lipid DHA is a useful measure of DHA status for adults, males, mixed
sex populations, and those at moderate DHA status. Total platelet lipid DHA may be
a good biomarker of DHA status, but there was no apparent dose response, and the

substantial heterogeneity could not be explained.
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Table 22: Subgroup analysis of the results of the systematic review of data on
changes in total platelet docosahexaenoic acid (DHA) to supplementation with DHA

Study design

Pooled effect size Heterogeneity Biomarker
Analysis MD (95% CI) RCTs B/A ” useful?

% of total fatty acid no. of studies (no. of participants) %
All studies (primary outcome) 1.25 [0.87, 1.64] 4 (181) 4 (54) 79.9 Yes
Adults 1.06 [0.69, 1.44] 4 (181) 2 (25) 72.8 Yes
Low income and immigrants ~ 1.70 [0.92, 2.48] N/A 2(29) 75.1 Unclear
Males 1.40[0.70, 2.11] 1 (50) 2 (29) 86.3 Yes
Mixed 1.37,[0.63, 2.11] 3(131) N/A 88.8 Yes
Females 0.73[0.03, 1.42] N/A 2 (25) 0 Unclear
Low status at baseline 2.80[1.80, 3.80] 1(21) N/A N/A Unclear
Moderate status at baseline 0.89 [0.70, 1.07] 3 (160) 2 (25) 13.1 Yes
High status at baseline 1.70 [0.92, 2.48] N/A 2 (29) 75.1 Unclear
Marine oil or seafood 1.25[0.87, 1.64] 4 (181) 4 (54) 79.9 Yes
300 to 1500 mg DHA/day 0.94[0.53, 1.35] 3 (228) 4 (54) 83.7 Yes
1500 to 2500 mg DHA/day 0.70 [0.46, 0.94] 1 (105) N/A N/A Unclear
>2500 mg DHA/day 1.91[0.32, 3.51] 2 (61) N/A 89.1 Unclear

See details below Table 17.

4.3.3.10. Peripheral blood mononuclear cell phospholipid DHA

The response of peripheral blood mononuclear cell phospholipid DHA values to DHA
supplementation was reported in 3 RCTs. There was no statistically significant effect
of supplementation with DHA (MD: 0.70% DHA; 95% CI: -0.66, 2.06; 3 studies; 94
|2

participants; I = 94%) (Table 16). Peripheral blood mononuclear cell phospholipid

DHA does not appear to be a good biomarker of DHA status.

4.3.3.11. Other potential biomarkers

One or 2 studies were found to include data on young erythrocyte ghost DHA, old
erythrocyte ghost DHA, granulocyte DHA, neutrophil DHA, neutrophil phospholipid
DHA, peripheral blood mononuclear cell total lipid DHA, low-density lipoprotein DHA,
and high-density lipoprotein phospholipid DHA. There were insufficient data to
assess whether these potential biomarkers of DHA status are effective.
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Supplementation Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.5.1 <300 mg DHA/day
Subtotal (95% CI) 0 0 Not estimable

Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.5.2 300 to 1500 mg DHA/day

Brady et al. 2004 A 49 075 14 2.8 0.75 14 14.4% 2.10[1.54, 2.66] T
Brady et al. 2004 B 4.4 077 15 3.1 077 15 14.5% 1.30[0.75, 1.85] —_
Christensen et al. 1999 C 2.81 0.4 20 24 06 20 17.5% 0.41[0.09, 0.73] =

Dyerberg et al. 2004 3.1 049 24 2.2 051 26 18.0% 0.90[0.62, 1.18] -
Vognild et al. 1998 H 267 084 102 22 06 36 18.2% 0.47[0.22,0.72] -

Wallace et al. 2000 E 2.7 208 12 19 1.04 12 6.5% 0.80[-0.52, 2.12] -1
Wallace et al. 2000 F 23 108 13 16 1.05 13 11.0% 0.70[-0.12, 1.52] T
Subtotal (95% CI) 200 136 100.0% 0.94[0.53, 1.35] ’

Heterogeneity: Tau2 = 0.22; Chi2 = 36.72, df = 6 (P < 0.00001); 12 = 84%
Test for overall effect: Z = 4.48 (P < 0.00001)

1.5.3 1500 to 2500 mg DHA/day

Vognild et al. 1998 G 29 058 69 22 06 36 100.0% 0.70 [0.46, 0.94] !
Subtotal (95% CI) 69 36 100.0% 0.70 [0.46, 0.94]

Heterogeneity: Not applicable

Test for overall effect: Z = 5.74 (P < 0.00001)

1.5.4 >2500 mg DHA/day
Christensen et al. 1999 D 3.57 0.5 20 24 06 20 54.3% 1.17[0.83, 1.51] -.-

Park & Harris 2002 41 158 10 1.3 0.33 11 457% 2.80[1.80, 3.80] —i—
Subtotal (95% Cl) 30 31 1000%  1.91[0.32 351] .
Heterogeneity: Tau2 = 1.18; Chiz = 9.16, df = 1 (P = 0.002); 12 = 89%
Test for overall effect: Z = 2.36 (P = 0.02)

-4 2 0 2 4
Intervention lower Intervention higher

Figure 12: Response of total platelet docosahexaenoic acid (DHA) to
supplementation with DHA [%DHA/total fatty acid composition (weight/weight)]

Specification of the groups as represented in the original articles: A, high n—6 group; B, moderate n—6
group; C, 2.0-g n—3 polyunsaturated fatty acid (PUFA) group; D, 6.6-g n—3 PUFA group; E, capsule
group; F, food group; G, combined data of cod liver oil and seal oil/cod liver oil groups; and H,
combined data of refined whale oil, crude whale oil, and olive oil/cod liver oil groups.

4.4. Discussion

We included 41 studies (34 RCTs and 7 B/A studies) reporting on 18 different
potential biomarkers of n—3 LCPUFA status in this systematic review. There were
sufficient data to state that plasma DHA, plasma phospholipid DHA, plasma
triacylglycerol DHA, plasma cholesteryl ester DHA, plasma nonesterified DHA,
erythrocyte DHA, erythrocyte phospholipid DHA, and platelet DHA were all effective
biomarkers, peripheral blood mononuclear cell phospholipid DHA was an ineffective
biomarker of DHA status and that plasma phospholipid EPA was an effective marker
of EPA status.
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For most of these biomarkers, however, only limited data were available for subgroup
analysis. In contrast, we were able to evaluate the effect of n-3 LCPUFA
supplementation on the fatty acid composition of plasma phospholipids on the basis
of a considerable number of supplementation substudies. This finding is consistent
with previous reports on the comparison of the incorporation of DHA and EPA into
plasma phospholipids (Nordgy et al. 1991, Zuijdgeest-van Leeuwen et al. 1999) and
supports the concept of using the enhancement of EPA values as an effective

indicator of compliance in studies supplementing n—3 LCPUFAs.

There are some clear limitations with this review. First, the number of studies
reporting data on different potential biomarkers was >6 for only 3 outcomes (plasma
phospholipid DHA, plasma phospholipid EPA, and platelet DHA). This limited our
ability to explore the reasons for heterogeneity seen in the main analyses and also
limited our ability to assess for which population subgroups and types of intervention
the biomarkers are effective. For instance, EPA and DHA in erythrocyte membrane
lipids were found closely correlated to those measured in cardiac biopsy samples
(Harris et al. 2004) and were suggested as the most reliable biomarkers of n-3
LCPUFA status (Harris 2007). However, until now, only limited data have been
published on the effect of DHA supplementation on erythrocyte membrane lipids,
thereby limiting evaluation in the present review. Second, we were able to focus on
the effect of supplementing DHA only, whereas n-3 LCPUFA supplementation usually
consists of a complex mixture of n-3 LCPUFASs that may interconvert with each other
(Arterburn et al. 2006). Similarly, different food matrices can result in differences in
absorption of nominally equal amounts of n-3 LCPUFAs. None of these factors could
be reliably evaluated in the present review. Third, the dose-response curve of the
incorporation of DHA (or any other fatty acid) may differ between compartments
(Brown et al. 1991; Tremoli et al. 1995); hence, it may be assumed, with good
reason, that the uniform duration and dose categories used in this review may have
differently influenced the evaluation of the biomarkers. Additionally, we assessed the
risk of bias to be low in only 5 included RCTs, limiting our ability to claim

effectiveness.

Despite these limitations, the data generated in the present systematic review may
contribute to a better understanding of the role of biomarkers in evaluating n-3
LCPUFA status in nutritional interventions. Although several clinical studies have
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investigated the response of various biomarkers to modified n-3 fatty acid intake
(Silverman et al. 1991, Nordgy et al. 1991; Zuijdgeest-van Leuwen et al. 1999; Brown
et al. 1991; Tremoli et al. 1995; Prisco et al. 1996; Cao et al. 2006) and important
theoretical considerations have also been published (Harris et al. 2004; Fokkema et
al. 2002; Harris et al. 2006), we are unaware of any other systematic collection and

evaluation of data available in the literature.
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5. New findings of the thesis

Plasma zinc concentration responded in a dose-dependent manner to dietary
manipulation in adults, women, men, pregnant and lactating women, the elderly, and
those at low and moderate baseline zinc status. Urinary zinc excretion responded to
zinc status overall and in all subgroups for which there were sufficient data. Hair zinc
concentration also responded, but there were insufficient studies for subgroup
analysis. These results indicate that in healthy individuals, plasma, urinary and hair
zinc concentrations are reliable biomarkers of zinc status. Platelet,
polymorphonuclear cell, mononuclear cell, and erythrocyte zinc concentration and

alkaline phosphatase activity did not appear to be effective biomarkers of zinc status.

There were sufficient data to determine that plasma DHA, plasma phospholipid DHA,
plasma triacylglycerol DHA, plasma cholesteryl ester DHA, plasma nonesterified
DHA, erythrocyte DHA, erythrocyte phospholipid DHA, and platelet DHA were all
effective biomarkers of DHA status, whereas peripheral blood mononuclear cell
phospholipid DHA does not appear to be a good biomarker of DHA status and that
plasma phospholipid EPA was an effective marker of EPA status. Plasma
phospholipid DHA was the most frequently investigated biomarker; it appears to be a
good marker of DHA status in adult men and women irrespective of DHA baseline
status or supplementation dose, but ineffective marker in pregnancy and lactation; its

usefulness in other population subgroups is unclear.
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6. Practical applications

At the present time, plasma zinc concentration is the only biomarker of status that
can be used to measure zinc status in individuals with either a low or a high supply of
dietary zinc, but with many limitations and constraints. Urinary zinc excretion and hair
zinc can provide useful information on zinc status in zinc-supplemented individuals,
but whether these reflect zinc status in depleted individuals is not certain. It is clear

that there is an urgent need to develop new biomarkers of zinc status.

Data presented in this thesis may be useful in designing novel studies on n-3
LCPUFA supplementation, especially those aimed at answering the question as to
which biomarker might be sensitive enough to detect changes of a given dose of n-3
LCPUFA supplementation in a given clinical setting. There appears to be a range of
useful biomarkers of DHA status in humans, but further research is needed to

characterize which work best in particular population subgroups.

63



7. Acknowledgment

My work was supported by the Commission of the European Communities, specific
RTD Programme, “Quality of Life and Management of Living Resources,” within the
6th Framework Programme (contract no. FP6-036196-2 EURRECA: EURopean

micronutrient RECommendations Aligned).

Hereby, | would like to express my gratitude to my programme leader, Prof. Tamas
Decsi for giving me the opportunity to work in the Department of Paediatrics,

supporting my scientific career and giving many motivations to finish this thesis.

Special thank to Dr. Lee Hooper from the University of East Anglia and Dr. Nicola
Lowe from University of Central Lancashire for their thought-provoking ideas and

professional advices.

| also thank Veronika Martos and the other librarians in the Mihaly Pekar Medical and

Life Sciences Library for collecting me the relevant papers.

| am grateful to my colleagues in the Department of Paediatrics for helping my work

and maintaining friendly atmosphere.

And at last but not least, | would like to thank my family and friends for their love,

encouragement and understanding during all these years.

64



8. List of references

Abdulla M and Svensson S. Effect of oral zinc intake on delta-aminolaevulinic acid
dehydratase in red blood cells. Scand J Clin Lab Invest 1979;39:31-36.

Abdulla M and Suck C. Blood levels of copper, iron, zinc, and lead in adults in India
and Pakistan and the effect of oral zinc supplementation for six weeks. Biol Trace
Elem Res 1998;61:323-331.

Allan AK, Hawksworth GM, Woodhouse LR, Sutherland B, King JC, Beattie JH.
Lymphocyte metallothionein mMRNA responds to marginal zinc intake in human
volunteers. Br J Nutr 2000;84:747-756.

Allard JP, Kurian R, Aghdassi E, Muggli R, Royall D. Lipid peroxidation during n—3
fatty acid and vitamin E supplementation in humans. Lipids 1997;32:535-541.

Arab L. Biomarkers of fat and fatty acid intake. J Nutr 2003;133:9255-932S.

Arterburn LM, Hall EB, Oken H. Distribution, interconversion, and dose response of
n-3 fatty acids in humans. Am J Clin Nutr 2006;83:1467S-1476S

Atherton DJ, Muller DP, Aggett PJ, Harries JT. A defect in zinc uptake by jejunal
biopsies in acrodermatitis enteropathica. Clin Sci 1979;56:505-507.

Bales CW, DiSilvestro RA, Currie KL, et al. Marginal zinc deficiency in older adults:
responsiveness of zinc status indicators. J Am Coll Nutr 1994;13:455-462.

Barrie SA, Wright JV, Pizzorno JE, Kutter E, Barron PC. Comparative absorption of
zinc picolinate, zinc citrate and zinc gluconate in humans. Agents Actions
1987;21:223-228.

Baylin A and Campos H. The use of fatty acid biomarkers to reflect dietary intake.
Curr Opin Lipidol 2006;17:22-27.

65



Black MR, Medeiros DM, Brunett E, Welke R. Zinc supplements and serum lipids in
young adult white males. Am J Clin Nutr 1988;47:970-975.

Bogden JD, Oleske JM, Lavenhar MA, et al. Zinc and immunocompetence in elderly
people: effects of zinc supplementation for 3 months. Am J Clin Nutr 1988;48:655—
663.

Bonaa KH, Bjerve KS, Nordgy A. Docosahexaenoic and eicosapentaenoic acids in
plasma phospholipids are divergently associated with high density lipoprotein in
humans. Arterioscler Thromb 1992;12:675—-681.

Brady LM, Lovegrove SS, Lesauvage SV, et al. Increased n-6 polyunsaturated fatty
acids do not attenuate the effects of long-chain n—-3 polyunsaturated fatty acids on
insulin sensitivity or triacylglycerol reduction in Indian Asians. Am J Clin Nutr
2004;79:983-991.

Brown AJ, Pang E, Roberts DC. Persistent changes in the fatty acid composition of
erythrocyte membranes after moderate intake of n—3 polyunsaturated fatty acids:
study design implications. Am J Clin Nutr 1991;54.668—-673.

Brown KH. Effect of infections on plasma zinc concentration and implications for zinc

status assessment in low-income countries. Am J Clin Nutr 1998:68:4255-429S.

Brown KH, Wuehler SE, Peerson JM. The importance of zinc in human nutrition and
estimation of the global prevalence of zinc deficiency. Food Nutr Bull 2001;22:113—
125.

Brown KH, Peerson JM, Rivera J, Allen LH. Effect of supplemental zinc on the growth
and serum zinc concentrations of prepubertal children: a meta-analysis of
randomized controlled trials. Am J Clin Nutr 2002;75:1062-1071.

Cantwell MM. Assessment of individual fatty acid intake. Proc Nutr Soc 2000;59:187—
191.

66



Cao J, Schwichtenberg KA, Hanson NQ, Tsai MY. Incorporation and clearance of
omega-3 fatty acids in erythrocyte membranes and plasma phospholipids. Clin Chem
2006;52:2265-2272.

Carlson SE. Lessons learned from randomizing infants to marine oil-supplemented
formulas in nutrition trials. J Pediatr 1994;125:S33-S38.

Christensen JH, Christensen MS, Dyerberg J, Schmidt EB. Heart rate variability and
fatty acid content of blood cell membranes: a dose-response study with n—-3 fatty
acids. Am J Clin Nutr 1999;70:331-337.

Cleland LG, James MJ, Neumann MA, D’Angelo M, Gibson RA. Linoleate inhibits
EPA incorporation from dietary fish-oil supplements in human subjects. Am J Clin
Nutr 1992;55:395-399.

Conquer JA and Holub BJ. Effect of supplementation with different doses of DHA on
the levels of circulating DHA as non-esterified fatty acid in subjects of Asian Indian
background. J Lipid Res 1998;39:286-292.

Conquer JA, Cheryk LA, Chan E, Gentry PA, Holub BJ. Effect of supplementation
with dietary seal oil on selected cardiovascular risk factors and hemostatic variables
in healthy male subjects. Thromb Res 1999;96:239-250.

Crouse SF, Hooper PL, Atterbom HA, Papenfuss RL. Zinc ingestion and lipoprotein
values in sedentary and endurance-trained men. JAMA 1984;252:785-787.

Damsgaard CT, Lauritzen L, Kjaer TM, et al. Fish oil supplementation modulates
immune function in healthy infants. J Nutr 2007;137:1031-1036.

Das UN. Essential Fatty acids—a review. Curr Pharm Biotechnol 2006;7:467-482.

DeLany JP, Vivian VM, Snook JT, Anderson PA. Effects of fish oil on serum lipids in
men during a controlled feeding trial. Am J Clin Nutr 1990;52:477-485.

67



De Ley M, de Vos R, Hommes DW, Stokkers PC. Fish oil for induction of remission in
ulcerative colitis. Cochrane Database Syst Rev 2007;CD005986.

Demetree JW, Safer LF, Artis WM. The effect of zinc on the sebum secretion rate.
Acta Derm Venereol 1980;60:166—169.

Dewey A, Baughan C, Dean T, Higgins B, Johnson I. Eicosapentaenoic acid (EPA,
an omega-3 fatty acid from fish oils) for the treatment of cancer cachexia. Cochrane
Database Syst Rev 2007;CD004597.

Donangelo CM, Woodhouse LR, King SM, Viteri FE, King JC. Supplemental zinc
lowers measures of iron status in young women with low iron reserves. J Nutr
2002;132:1860-1864.

Duchateau J, Delespesse G, Vereecke P. Influence of oral zinc supplementation on
the lymphocyte response to mitogens of normal subjects. Am J Clin Nutr 1981;34:88—
93.

Dunstan JA, Mori TA, Barden A, et al. Effects of n—3 polyunsaturated fatty acid
supplementation in pregnancy on maternal and fetal erythrocyte fatty acid
composition. Eur J Clin Nutr 2004;58:429-437.

Dyerberg J, Eskesen DC, Andersen PW, et al. Effects of trans- and n—3 unsaturated
fatty acids on cardiovascular risk markers in healthy males. An 8 weeks dietary
intervention study. Eur J Clin Nutr 2004;58:1062—-1070.

Engstrom K, Wallin R, Saldeen T. Effects of Scandinavian caviar paste enriched with
a stable fish oil on plasma phospholipid fatty acids and lipid peroxidation. Eur J Clin

Nutr 2003;57:1052—-1059.

Farinotti M, Simi S, Di Pietrantonj C, et al. Dietary interventions for multiple sclerosis.
Cochrane Database Syst Rev 2007;CD004192.

68



Field HP, Whitley AJ, Srinivasan TR, Walker BE, Kelleher J. Plasma and leucocyte
zinc concentrations and their response to zinc supplementation in an elderly
population. Int J Vitam Nutr Res 1987;57:311-317.

Fischer PW, Giroux A, L’Abbe MR. Effect of zinc supplementation on copper status in
adult man. Am J Clin Nutr 1984:40:743—746.

Fleith M and Clandinin MT. Dietary PUFA for preterm and term infants: review of
clinical studies. Crit Rev Food Sci Nutr 2005;45:205-229.

Fokkema MR, Smit EN, Martini IA, Woltil HA, Boersma ER, Muskiet FA. Assessment
of essential fatty acid and w3-fatty acid status by measurement of erythrocyte
20:3w9 (Mead acid), 22:5w6/20:4w6 and 22:5w6/22:6 w3. Prostaglandins Leukot
Essent Fatty Acids 2002;67:345-356.

Foster DM, Aamodt RL, Henkin RI, Berman M. Zinc metabolism in humans: a kinetic
model. Am J Physiol 1979;237:R340-R349.

Freeland-Graves JH, Hendrickson PJ, Ebangit ML, Snowden JY. Salivary zinc as an

index of zinc status in women fed a low-zinc diet. Am J Clin Nutr 1981;34:312-321.

Gatto LM and Samman S. The effect of zinc supplementation on plasma lipids and
low-density lipoprotein oxidation in males. Free Radic Biol Med 1995;19:517-521.

Gebauer SK, Psota TL, Harris WS, Kris-Etherton PM. N-3 fatty acid dietary
recommendations and food sources to achieve essentiality and cardiovascular

benefits. Am J Clin Nutr 2006;83:1526S-1535S.

Geissler C and Powers H. Human nutrition. 11th ed. London, United Kingdom:

Elsevier Churchill Livingstone, 2005.

Gibson RS, Hess SY, Hotz C, Brown KH. Indicators of zinc status at the population
level: a review of the evidence. Br J Nutr 2008;99:S14-S23.

69



Giovannini M, Biasucci G, Agostoni C, Luotti D, Riva E. Lipid status and fatty acid
metabolism in phenylketonuria. J Inherit Metab Dis 1995;18:265-272.

Gonzalez-de Dios J, Balaguer-Santamaria A, Ochoa-Sangrador C. Usefulness of
Cochrane Collaboration for pediatric cardiology. Rev Esp Cardiol 2005;58:1093—
1106.

Gregson PR, Meal AG, Avis M. Meta-analysis: the glass eye of evidence-based
practice? Nurs Inq 2002;9:24-30.

Grider A, Bailey LB, Cousins RJ. Erythrocyte metallothionein as an index of zinc
status in humans. Proc Natl Acad Sci USA 1990;87:1259-1262.

Gupta R, Garg VK, Mathur DK, Goyal RK. Oral zinc therapy in diabetic neuropathy. J
Assoc Physicians India 1998;46:939-942.

Hagve TA, Lie O, Grgnn M. The effect of dietary N-3 fatty acids on osmotic fragility
and membrane fluidity of human erythrocytes. Scand J Clin Lab Invest 1993;215:75—
84.

Hambidge KM, Goodall MJ, Stall C, Pritts J. Post-prandial and daily changes in
plasma zinc. J Trace Elem Electrolytes Health Dis 1989;3:55-57.

Hambidge M. Biomarkers of trace mineral intake and status. J Nutr 2003;133:948S—
955S.

Harris WS, Sands SA, Windsor SL, et al. Omega-3 fatty acids in cardiac biopsies
from heart transplantation patients: correlation with erythrocytes and response to

supplementation. Circulation 2004;110:1645-1649.

Harris WS, Assaad B, Poston WC. Tissue omega-6/omega-3 fatty acid ratio and risk
for coronary artery disease. Am J Cardiol 2006;98:19i—26i.

70



Harris WS. Omega-3 fatty acids and cardiovascular disease: a case for omega-3

index as a new risk factor. Pharmacol Res 2007;55:217-223.

Hartweg J, Perera R, Montori V, Dinneen S, Neil HA, Farmer A. Omega-3
polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus. Cochrane Database
Syst Rev 2008;CD003205.

Hayee MA, Mohammad QD, Haque A. Diabetic neuropathy and zinc therapy.
Bangladesh Med Res Counc Bull 2005;31:62—-67.

Heckmann SM, Hujoel P, Habiger S, et al. Zinc gluconate in the treatment of

dysgeusia: a randomized clinical trial. J Dent Res 2005;84:35-38.

Helland 1B, Saugstad OD, Saarem K, Van Houwelingen AC, Nylander G, Drevon CA.
Supplementation of n—3 fatty acids during pregnancy and lactation reduces maternal
plasma lipid levels and provides DHA to the infants. J Matern Fetal Neonatal Med
2006;19:397-406.

Hemingway P. What is a systematic review? 2009. Available from:

http://www.medicine.ox.ac.uk/bandolier/painres/download/whatis/Syst-review.pdf

Higgins S, Carroll YL, McCarthy SN, et al. Susceptibility of LDL to oxidative
modification in healthy volunteers supplemented with low doses of n-3
polyunsaturated fatty acids. Br J Nutr 2001;85:23-31.

Hininger-Favier I, Andriollo-Sanchez M, Arnaud J, et al. Age- and sex-dependent
effects of long-term zinc supplementation on essential trace element status and lipid

metabolism in European subjects: the Zenith Study. Br J Nutr 2007;97:569-578.

Hodge J, Sanders K, Sinclair AJ. Differential utilization of eicosapentaenoic acid and

docosahexaenoic acid in human plasma. Lipids 1993;28:525-531.

71


http://www.medicine.ox.ac.uk/bandolier/painres/download/whatis/Syst-review.pdf

Hodkinson CF, Kelly M, Alexander HD, et al. Effect of zinc supplementation on the
immune status of healthy older individuals aged 55-70 years: the ZENITH Study. J
Gerontol A Biol Sci Med Sci 2007;62:598-608.

Hoffman DR, Theuer RC, Castafieda YS, et al. Maturation of visual acuity is
accelerated in breast-fed term infants fed baby food containing DHA-enriched egg
yolk. J Nutr 2004;134:2307-2313.

Hollingsworth JW, Otte RG, Boss GR, Fryberger MF, Strause LG, Saltman P.
Immunodeficiency and lymphocyte ecto-5-nucleotidase activity in the elderly: A
comparison of the effect of a trace mineral supplement (1 USRDA) with high zinc (6.7
X USRDA). Nutr Res 1987;7:801-811.

Hooper L, Harrison RA, Summerbell CD, et al. Omega 3 fatty acids for prevention
and treatment of -cardiovascular disease. Cochrane Database Syst Rev
2004;CD003177.

Hooper L, Ashton K, Harvey LJ, Decsi T, Fairweather-Tait SJ. Assessing potential
biomarkers of micronutrient status by using a systematic review methodology:
methods. Am J Clin Nutr 2009; 89:1953S-1959S.

Hotz C, Lowe NM, Araya M, Brown KH. Assessment of the trace element status of
individuals and populations: the example of zinc and copper. J Nutr
2003;133:1563S-1568S.

Hunt IF, Murphy NJ, Cleaver AE, et al. Zinc supplementation during pregnancy in
low-income teenagers of Mexican descent: effects on selected blood constituents

and on progress and outcome of pregnancy. Am J Clin Nutr 1985;42:815-828.

Infante JP and Huszagh VA. On the molecular etiology of decreased arachidonic
(20:4n-6), docosapentaenoic (22:5n-6) and docosahexaenoic (22:6n-3) acids in
Zellweger syndrome and other peroxisomal disorders. Mol Cell Biochem
1997;168:101-115.

72



Innis SM. Plasma and red blood cell fatty acid values as indexes of essential fatty
acids in the developing organs of infants fed with milk or formulas. J Pediatr
1992;120:S78-S86.

Irving CB, Mumby-Croft R, Joy LA. Polyunsaturated fatty acid supplementation for
schizophrenia. Cochrane Database Syst Rev 2006;CD001257.

Itomura M, Hamazaki K, Sawazaki S, et al. The effect of fish oil on physical
aggression in schoolchildren: a randomized, double-blind, placebo-controlled trial. J
Nutr Biochem 2005;16:163-171.

Jackson MJ. Physiology of zinc: general aspects. In: Mills CF, ed. Zinc in human

biology. London, United Kingdom: Springer-Verlag, 1989:1-14.

Juni P, Witschi A, Bloch R, Egger M. The hazards of scoring the quality of clinical
trials for meta-analysis. JAMA 1999;282:1054-1060.

Katan MB, van Birgelen A, Deslypere JP, Penders M, van Staveren WA. Biological
markers of dietary intake, with emphasis on fatty acids. Ann Nutr Metab
1991;35:249-252.

Katan MB, Deslypere JP, van Birgelen AP, Penders M, Zegwaard M. Kinetics of the
incorporation of dietary fatty acids into serum cholesteryl esters, erythrocyte
membranes, and adipose tissue: an 18-month controlled study. J Lipid Res
1997;38:2012-2022.

Kew S, Mesa MD, Tricon S, Buckley R, Minihane AM, Yaqoob P. Effects of olils rich
in eicosapentaenoic and docosahexaenoic acids on immune cell composition and
function in healthy humans. Am J Clin Nutr 2004;79:674—681.

Khan F, Elherik K, Bolton-Smith C, et al. The effects of dietary fatty acid

supplementation on endothelial function and vascular tone in healthy subjects.
Cardiovasc Res 2003;59:955-962.

73



King JC. Assessment of zinc status. J Nutr 1990;120:1474-1479.

King JC, Shames DM, Lowe NM, et al. Effect of acute zinc depletion on zinc

homeostasis and plasma zinc kinetics in men. Am J Clin Nutr 2001;74:116-124.

Kris-Etherton PM, Innis S, American Dietetic Association, Dieticians of Canada.
Position of the American Dietetic Association and Dietitians of Canada: dietary fatty
acids. J Am Diet Assoc 2007;107:1599-1611.

Laidlaw M and Holub BJ. Effects of supplementation with fish oil-derived n-3 fatty
acids and y-linolenic acid on circulating plasma lipids and fatty acid profiles in
women. Am J Clin Nutr 2003;77:37-42.

Lands WE. Long-term fat intake and biomarkers. Am J Clin Nutr 1995;61:721S—
7258S.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. PLoS Med 2009;6:1000100.

Lim WS, Gammack JK, Van Niekerk JK, Dangour A. Omega 3 fatty acid for the
prevention of dementia. Cochrane Database Syst Rev 2006;CD005379.

Lim AK, Manley KJ, Roberts MA, Fraenkel MB. Fish oil for kidney transplant
recipients. Cochrane Database Syst Rev 2007;CD005282.

Lowe NM, Woodhouse LR, King JC. A comparison of the short-term kinetics of zinc
metabolism in women during fasting and following a breakfast meal. Br J Nutr
1998;80:363-370.

Lowe NM, Woodhouse LR, Sutherland B, et al. Kinetic parameters and plasma zinc

concentration correlate well with net loss and gain of zinc from men. J Nutr
2004;134:2178-2181.

74



Lukaski HC, Bolonchuk WW, Klevay LM, Milne DB, Sandstead HH. Changes in
plasma zinc content after exercise in men fed a low-zinc diet. Am J Physiol
1984;247:E88—-E93.

Mahajan SK, Prasad AS, Brewer GJ, Zwas S, Lee DJ. Effect of changes in dietary
zinc intake on taste acuity and dark adaptation in normal human subjects. J Trace
Elem Exp Med 1992;5:33-45.

Mantzioris E, James MJ, Gibson RA, Cleland LG. Dietary substitution with an a-
linolenic acid-rich vegetable oil increases eicosapentaenoic acid concentrations in
tissues. Am J Clin Nutr 1994;59:1304-1309.

Medeiros DM, Mazhar A, Brunett EW. Failure of oral zinc supplementation to alter

hair zinc levels among healthy human males. Nutr Res 1987;7:1109-1115.

Miles EA, Banerjee T, Calder PC. The influence of different combinations of y-
linolenic, stearidonic and eicosapentaenoic acids on the fatty acid composition of
blood lipids and mononuclear cells in human volunteers. Prostaglandins Leukot
Essent Fatty Acids 2004;70:529-538.

Miller LV, Hambidge KM, Naake VL, Hong Z, Westcott JL, Fennessey PV. Size of the
zinc pools that exchange rapidly with plasma zinc in humans: alternative techniques

for measuring and relation to dietary zinc intake. J Nutr 1994;124:268-276.

Mills DE, Murthy M, Galey WR. Dietary fatty acids, membrane transport, and
oxidative sensitivity in human erythrocytes. Lipids 1995;30:657—-663.

Milne DB, Canfield WK, Gallagher SK, Hunt JR, Klevay LM. Ethanol metabolism in

postmenopausal women fed a diet marginal in zinc. Am J Clin Nutr 1987;46:688—-693.

Moayyedi P. Meta-analysis: Can we mix apples and oranges? Am J Gastroenterol
2004;99:2297-2301.

75



Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improving the quality
of reports of meta-analyses of randomised controlled trials: the QUOROM statement.
Lancet 1999;354:1896—-1900.

Montgomery C, Speake BK, Cameron A, Sattar N, Weaver LT. Maternal
docosahexaenoic acid supplementation and fetal accretion. Br J Nutr 2003;90:135—
145,

Montgomery P and Richardson AJ. Omega-3 fatty acids for bipolar disorder.
Cochrane Database Syst Rev 2008;CD005169.

Morris DH. Methodologic challenges in designing clinical studies to measure
differences in the bioequivalence of n—3 fatty acids. Mol Cell Biochem 2003;246:83—
90.

Norday A, Barstad L, Connor WE, Hatcher L. Absorption of the n—3 eicosapentaenoic
and docosahexaenoic acids as ethyl esters and triglycerides by humans. Am J Clin
Nutr 1991;53:1185-1190.

O’Brien CE, Krebs NF, Westcott JL, Dong F. Relationships among plasma zinc,
plasma prolactin, milk transfer, and milk zinc in lactating women. J Hum Lact
2007;23:179-183.

Oliver C, Everard M, N'Diaye T. Omega-3 fatty acids (from fish oils) for cystic fibrosis.
Cochrane Database Syst Rev 2007;CD002201.

Otto SJ, van Houwelingen AC, Hornstra G. The effect of different supplements
containing docosahexaenoic acid on plasma and erythrocyte fatty acids of healthy

non-pregnant women. Nutr Res 2000;20:917-927.

Otto SJ, van Houwelingen AC, Hornstra G. The effect of supplementation with
docosahexaenoic and arachidonic acid derived from single cell oils on plasma and
erythrocyte fatty acids of pregnant women in the second trimester. Prostaglandins
Leukot Essent Fatty Acids 2000;63:323-328.

76



Pachotikarn C, Medeiros DM, Windham F. Effect of oral zinc supplementation upon
plasma lipids, blood pressure, and other variables in young adult white males. Nutr
Rep Int 1985;32:373-382.

Palin D, Underwood BA, Denning CR. The effect of oral zinc supplementation on
plasma levels of vitamin A and retinol-binding protein in cystic fibrosis. Am J Clin Nutr
1979;32:1253-1259.

Palozza P, Sgarlata E, Luberto C, et al. N-3 fatty acids induce oxidative
modifications in human erythrocytes depending on dose and duration of dietary
supplementation. Am J Clin Nutr 1996;64:297-304.

Park Y and Harris W. EPA, but not DHA, decreases mean platelet volume in normal
subjects. Lipids 2002;37:941-946.

Peretz A, Neve J, Jeghers O, Pelen F. Zinc distribution in blood components,
inflammatory status, and clinical indexes of disease activity during zinc
supplementation in inflammatory rheumatic diseases. Am J Clin Nutr 1993;57:690—
694.

Phillips B, Ball C, Sackett D, et al. The Oxford Centre for Evidence-based Medicine —
Levels of Evidence. 2009. Available from: http://www.cebm.net/index.aspx?0=1025

Pinna K, Kelley DS, Taylor PC, King JC. Immune functions are maintained in healthy
men with low zinc intake. J Nutr 2002;132:2033-2036.

Prasad AS, Mantzoros CS, Beck FW, Hess JW, Brewer GJ. Zinc status and serum
testosterone levels of healthy adults. Nutrition 1996;12:344-348.

Prisco D, Filippini M, Francalanci I, et al. Effect of n—3 polyunsaturated fatty acid

intake on phospholipid fatty acid composition in plasma and erythrocytes. Am J Clin
Nutr 1996;63:925-932.

77


http://www.cebm.net/index.aspx?o=1025

Rees D, Miles EA, Banerjee T, et al. Dose-related effects of eicosapentaenoic acid
on innate immune function in healthy humans: a comparison of young and older men.
Am J Clin Nutr 2006;83:331-342.

Rosenthal R and DiMatteo MR. Meta-analysis: recent developments in quantitative

methods for literature reviews. Annu Rev Psychol 2001;52:59-82.

Ruz M, Cavan KR, Bettger WJ, Gibson RS. Erythrocytes, erythrocyte membranes,
neutrophils and platelets as biopsy materials for the assessment of zinc status in
humans. Br J Nutr 1992;68:515-527.

Samman S and Roberts DC. The effect of zinc supplements on plasma zinc and
copper levels and the reported symptoms in healthy volunteers. Med J Aust
1987;146:246-249.

Sanders TAB, Gleason K, Griffin B, Miller GJ. Influence of an algal triacylglycerol
containing docosahexaenoic acid (22:6n—-3) and docosapentaenoic acid (22:5n-6) on

cardiovascular risk factors in healthy men and women. Br J Nutr 2006;95:525-531.

Sanjurjo P, Ruiz-Sanz JI, Jimeno P, et al. Supplementation with docosahexaenoic
acid in the last trimester of pregnancy: maternal-fetal biochemical findings. J Perinat
Med 2004;32:132-136.

Schulzke SM, Patole SK, Simmer K. Longchain polyunsaturated fatty acid
supplementation in preterm infants. Cochrane Database Syst Rev 2011;CD000375.

Shaaban SY, El-Hodhod MA, Nassar MF, Hegazy AE, El-Arab SE, Shaheen FM.
Zinc status of lactating Egyptian mothers and their infants: effect of maternal zinc
supplementation. Nutr Res 2005;25:45-53.

Silverman DI, Ware JA, Sacks FM. Pasternak RC. Comparison of the absorption and

effect on platelet function of a single dose of n—3 fatty acids given as fish or fish oil.
Am J Clin Nutr 1991;53:1165-1170.

78



Simmer K, Patole SK, Rao SC. Longchain polyunsaturated fatty acid
supplementation in infants born at term. Cochrane Database Syst Rev
2008;CD000376.

Smith JC Jr, Butrimovitz GP, Purdy WC. Direct measurement of zinc in plasma by

atomic absorption spectroscopy. Clin Chem 1979;25:1487-1491.

Smuts CM, Borod E, Peeples JM, Carlson SE. High-DHA eggs: feasibility as a
means to enhance circulating DHA in mother and infant. Lipids 2003;38:407-414.

Sommerfield T, Price J, Hiatt WR. Omega-3 fatty acids for intermittent claudication.
Cochrane Database Syst Rev 2007;CD003833.

Sgrensen NS, Marckmann P, Hgy CE, van Duyvenvoorde W, Princen HM. Effect of
fish-oil-enriched margarine on plasma lipids, low-density-lipoprotein particle

composition, size, and susceptibility to oxidation. Am J Clin Nutr 1998;68:235-241.

Stark KD, Park EJ, Maines VA, Holub BJ. Effect of a fish-oil concentrate on serum
lipids in postmenopausal women receiving and not receiving hormone replacement
therapy in a placebo-controlled, double-blind trial. Am J Clin Nutr 2000;72:389-394.

Stone PW. Popping the (PICO) question in research and evidence-based practice.
Appl Nurs Res 2002;15:197-198.

Stur M, Tittl M, Reitner A, Meisinger V. Oral zinc and the second eye in age-related
macular degeneration. Invest Ophthalmol Vis Sci 1996;37:1225-1235.

Sullivan VK and Cousins RJ. Competitive reverse transcriptase-polymerase chain
reaction shows that dietary zinc supplementation in humans increases monocyte
metallothionein mRNA levels. J Nutr 1997;127:694—698.

Sullivan VK, Burnett FR, Cousins RJ. Metallothionein expression is increased in
monocytes and erythrocytes of young men during zinc supplementation. J Nutr
1998;128:707-713.

79



Summerbell CD and Moore HJ. The need for systematic reviews on nutrition and
dietetics. Br J Nutr 2007;98:663—664.

Surai PF, MacPherson A, Speake BK, Sparks NH. Designer egg evaluation in a
controlled trial. Eur J Clin Nutr 2000;54:298-305.

Swanson CA, Mansourian R, Dirren H, Rapin CH. Zinc status of healthy elderly

adults: response to supplementation. Am J Clin Nutr 1988;48:343—-349.

Tamura T, Goldenberg RL, Johnston KE, Freeberg LE, DuBard MB, Thomas EA. In
vitro zinc stimulation of angiotensin-converting enzyme activities in human plasma. J
Nutr Biochem 1996;7:55-59.

Tamura T, Olin KL, Goldenberg RL, Johnston KE, Dubard MB, Keen CL. Plasma
extracellular superoxide dismutase activity in healthy pregnant women is not

influenced by zinc supplementation. Biol Trace Elem Res 2001;80:107-113.

Thien FCK, De Luca S, Woods RK, Abramson MJ. Dietary marine fatty acids (fish oil)
for asthma in adults and children. Cochrane Database Syst Rev 2002;CD001283.

Thies F, Nebe-von-Caron G, Powell JR, Yaqoob P, Newsholme EA, Calder PC.
Dietary supplementation with y-linolenic acid or fish oil decreases T lymphocyte

proliferation in healthy older humans. J Nutr 2001;131:1918-1927.

Thomas EA, Bailey LB, Kauwell GA, Lee DY, Cousins RJ. Erythrocyte
metallothionein response to dietary zinc in humans. J Nutr 1992;122:2408-2414.

Thompson RP. Assessment of zinc status. Proc Nutr Soc 1991;50:19-28.
Tremoli E, Maderna P, Marangoni F, et al. Prolonged inhibition of platelet

aggregation after n—3 fatty acid ethyl ester ingestion by healthy volunteers. Am J Clin
Nutr 1995;61:607-613.

80



Turner D, Zlotkin SH, Shah PS, Griffiths AM. Omega 3 fatty acids (fish oil) for
maintenance of remission in Crohn’s disease. Cochrane Database Syst Rev
2009;CD006320.

Turner D, Steinhart AH, Griffiths AM. Omega 3 fatty acids (fish oil) for maintenance of

remission in ulcerative colitis. Cochrane Database Syst Rev 2007;CD006443.

Vognild E, Elvevoll EO, Brox J, et al. Effects of dietary marine oils and olive oil on
fatty acid composition, platelet membrane fluidity, platelet responses, and serum
lipids in healthy humans. Lipids 1998;33:427-436.

Wallace JM, McCabe AJ, Robson PJ, et al. Bioavailability of n—3 polyunsaturated
fatty acids (PUFA) in foods enriched with microencapsulated fish oil. Ann Nutr Metab
2000;44:157-162.

Weismann K, Wadskov S, Sondergaard J. Oral zinc sulphate therapy for acne
vulgaris. Acta Derm Venereol 1977;57:357-360.

Wood RJ. Assessment of marginal zinc status in humans. J Nutr 2000;130:1350S—
1354S.

Yadrick MK, Kenney MA Winterfeldt EA. Iron, copper, and zinc status: response to
supplementation with zinc or zinc and iron in adult females. Am J Clin Nutr
1989;49:145-150.

Yaqoob P, Pala HS, Cortina-Borja M, Newsholme EA, Calder PC. Encapsulated fish
oil enriched in a-tocopherol alters plasma phospholipid and mononuclear cell fatty
acid compositions but not mononuclear cell functions. Eur J Clin Invest 2000;30:260—
274,

Zlowodzki M, Poolman RW, Kerkhoffs GM, Tornetta P 3rd, Bhandari M. How to

interpret a meta-analysis and judge its value as a guide for clinical practice. Acta
Orthop 2007;78:598-609.

81



Zuijdgeest-van Leeuwen SD, Dagnelie PC, Rietveld T, van den Berg JW, Wilson JH.
Incorporation and washout of orally administered n-3 fatty acid ethyl esters in
different plasma lipid fractions. Br J Nutr 1999;82:481-488.

82



9. List of publications

9.1. Publications in the topic of the thesis
Nicola M Lowe, Katalin Fekete, Tamas Decsi. Methods of assessment of zinc status
in humans: a systematic review. Am J Clin Nutr 2009;89:2040S-2051S.

|F2009: 6.307
Independent citations: 39

Katalin Fekete, Tamas Marosvolgyi, Viktoria Jakobik, Tamas Decsi. Methods of
assessment of n-3 long-chain polyunsaturated fatty acid status in humans: a
systematic review. Am J Clin Nutr 2009;89:2070S-2084S.

|F20091 6.307
Independent citations: 20

9.2. Further publications

Fekete Katalin és Decsi Tamas. A cink szerepe gyermekek egészségének

megbrzésében és helyreallitasaban. Gyermekorvos Tovabbképzés 2009;8:169-172.

Katalin Fekete, Cristiana Berti, Irene Cetin, Maria Hermoso, Berthold V Koletzko,
Tamas Decsi. Perinatal folate supply: relevance in health outcome parameters.
Matern Child Nutr 2010;6:23-38.

IF2010: 2.311
Independent citations: 0

Katalin Fekete and Tamas Decsi. Long-chain polyunsaturated fatty acids in inborn
errors of metabolism. Nutrients 2010;2:965-974.

IF2010: still computing
Independent citations: 0

Cumulative IF: 14.925
Total independent citations: 59

83



9.3. Abstracts

Katalin Fekete, Nicola M Lowe, Tamas Decsi. Systematic review of methods for

assessing zinc status in clinical trials. J Pediatr Gastroenterol Nutr 2009;48:E75.

Tamas Decsi, Tamas Marosvolgyi, Viktoria Jakobik, Katalin Fekete. Systematic
review of methods for assessing n-3 long-chain polyunsaturated fatty acid status in
clinical trials. J Pediatr Gastroenterol Nutr 2009;48:E131.

Fekete Katalin, Nicola M Lowe, Decsi Tamas. A cinkellatottsag biomarkereinek
jellemzése az intervencids vizsgalatok szisztematikus irodalmi attekintése alapjan.

Gyermekgyodgyaszat 2009;60:131.

Tamas Decsi, Tamas Marosvolgyi, Viktéria Jakobik, Katalin Fekete. Methods of
assessment of n-3 long-chain polyunsaturated fatty acid status in humans: a
systematic review. Ann Nutr Metab 2009;55:88.

Nicola M Lowe, Katalin Fekete, Tamas Decsi. EURRECA systematic review: how
robust are biomarkers of zinc status? Proc Nutr Soc 2010;69:E39.

9.4. Oral presentations

Fekete Katalin, Jakobik Viktoria, Marosvolgyi Tamas, Decsi Tamas. Az n-3 hosszu
szénlancu tobbszorosen telitetlen zsirsavak ellatottsaganak biomarkerei az
intervencidés vizsgalatok szisztematikus irodalmi attekintése alapjan. PhD
Tudomanyos Napok, Budapest, 2009. oktober 30-31.

Fekete Katalin, Nicola M Lowe, Decsi Tamas. A cinkellatottsdg biomarkereinek
jellemzése az intervencios vizsgalatok szisztematikus irodalmi attekintése alapjan.

Fiatal Gyermekorvosok Orszagos Talalkozoja, Készeg, 2009. aprilis 3-5.

Fekete Katalin, Nicola M Lowe, Decsi Tamas. A cinkellatottsag biomarkereinek
Osszefoglalasa és értékelése az irodalom szisztematikus attekintésével. Magyar

Gyermekorvosok Tarsasaga 53. Nagygydlése, Eger, 2009. junius 18-20.

84



Tamas Decsi, Tamas Marosvolgyi, Viktéria Jakobik, Katalin Fekete. Methods of
assessment of n-3 long-chain polyunsaturated fatty acid status in humans: a
systematic review. 19™ International Congress on Nutrition, Bangkok, Thailand,
October 4-9, 2009.

Fekete Katalin és Decsi Tamas. Szisztematikus irodalmi attekintés a
folsavellatottsag perinatalis egészségre gyakorolt hatasarél: az EURRECA
nemzetkdzi project. Magyar Gyermekorvosok Tarsasaga 54. Nagygyllése,

Esztergom, 2010. szeptember 23-25.

Fekete Katalin és Decsi Tamas. A hosszu szénlancu tobbszordsen telitetlen
zsirsavak szerepe a veleszlletett anyagcsere-betegségben szenvedd gyermekek
taplalkozasaban. Magyar Gyermekorvosok Tarsasaga és a  Magyar
Gasztroenteroldgiai Tarsasag Gyermekgasztroenteroldgiai Szekcidjanak XXVII.

Tudomanyos Ulése, Nyiregyhaza, 2010. oktdber 1-2.

Lohner Szimonetta, Fekete Katalin, Marosvolgyi Tamas, Decsi Tamas. Van-e nemi
kuldonbség a plazmalipidek zsirsavosszetételében? — szisztematikus irodalmi
attekintés. Magyar Gyermekorvosok Tarsasaganak 2011. évi Nagygydlése, Pécs,
2011. szeptember 1-3.

Lohner Szimonetta, Fekete Katalin, Marosvolgyi Tamas, Decsi Tamas. Nemi
eltérések a plazma- és vorosvértest membran lipidek zsirsavosszetételében. Magyar
Gyermekorvosok Tarsasaga és a Magyar Gasztroenterolégiai Tarsasag
Gyermekgasztroenteroldgiai Szekcidjanak XXVIIl. Tudomanyos Ulése, Héviz, 2011.

szeptember 23-24.

9.5. Poster presentations

Tamas Decsi, Tamas Marosvolgyi, Viktoria Jakobik, Katalin Fekete. Systematic

review of methods for assessing n-3 long-chain polyunsaturated fatty acid status in

85



clinical trials. The 42" Annual Meeting of the European Society for Paediatric

Gastroenterology, Hepatology and Nutrition, Budapest, Hungary, June 3-6, 2009.

Katalin Fekete, Nicola M Lowe, Tamas Decsi. Systematic review of methods for
assessing zinc status in clinical trials. The 42™ Annual Meeting of the European
Society for Paediatric Gastroenterology, Hepatology and Nutrition, Budapest,
Hungary, June 3-6, 2009.

Nicola M Lowe, Katalin Fekete, Tamas Decsi. EURRECA systematic review: how
robust are biomarkers of zinc status? Nutrition Society Summer Meeting 2009, “Over-
and Undernutrition: Challenges and Approaches”, Guildford, UK, June 29-July 2,
20009.

Katalin Fekete, Viktéria Jakobik, Tamas Marosvolgyi, Tamas Decsi. Assessing
potential biomarkers of eicosapentaenoic acid status in humans: a systematic review.
The Power of Programming — International Conference on Developmental Origins of

Health and Disease, Munich, Germany, May 6-8, 2010.

Eszter Gyorei, Katalin Fekete, Elvira Verduci, Carlo Agostoni, Tamas Decsi. Are n-6
polyunsaturated fatty acids really involved in the pathogenesis of obesity? The Power
of Programming — International Conference on Developmental Origins of Health and

Disease, Munich, Germany, May 6-8, 2010.

Katalin Fekete and Tamas Decsi. Long-chain polyunsaturated fatty acids in
phenylketonuria: a systematic review. The 44" Annual Meeting of the European
Society for Paediatric Gastroenterology, Hepatology and Nutrition, Sorrento, Italy,
May 25-28, 2011.

Eszter Gyorei, Katalin Fekete, Elvira Verduci, Carlo Agostoni, Tamas Decsi.
Systematic review of fatty acid status in obesity. The 44" Annual Meeting of the
European Society for Paediatric Gastroenterology, Hepatology and Nutrition,
Sorrento, Italy, May 25-28, 2011.

86



Tamas Decsi and Katalin Fekete. Systematic review of long-chain polyunsaturated
fatty acid status in phenylketonuria. Xl Asian Congress of Nutrition 2011, Singapore,
July 13-16, 2011.

Eszter Gyorei, Katalin Fekete, Elvira Verduci, Carlo Agostoni, Tamas Decsi.
Polyunsaturated fatty acid status in obesity: a systematic review of the literature. 21
Workshop of European Childhood Obesity Group and 1® European Congress of
Childhood Obesity, Pécs, Hungary, September 8-10, 2011.

Tamas Decsi and Katalin Fekete. Essential fatty acids and their longer-chain

metabolites in phenylketonuria: a systematic review. The 11th FENS European
Nutrition Conference, Madrid, Spain, October 26-29, 2011.

87



