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Abstract Marginal zinc deficiency (MZD), the subclinical stage of zinc deficiency, is
common in industrialized societies. Serum zinc, the most common biomarker of zinc status,
lacks sensitivity and specificity to diagnose this deficiency. Hair zinc, however, is sensitive
and specific enough to detect MZD in children. Differences in hair zinc associated with age
and sex have been reported. These differences have not been investigated thoroughly;
therefore, interpretation of the results of hair analyses is difficult. This cross-sectional study
was designed to examine the hair zinc status of a group of Vancouver preschoolers (24–
71 months) and assess the age- and sex-based differences in their hair zinc. Hair samples
were obtained (n=719) and analyzed for zinc using inductively coupled plasma mass
spectrometry. Our results indicated a mean hair zinc of 115±43 μg/g with 17% below the
low hair zinc cutoff (70 μg/g). Boys and girls had comparable mean hair zinc, while girls
had a significantly higher occurrence of low hair zinc than boys (21% vs. 12%). Children
<4 years of age had significantly lower mean hair zinc and higher rate of low hair zinc
compared to children ≥4. Our study provides important reference values for the hair zinc of
healthy North American preschoolers.
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Introduction

The use of a low hair zinc level to indicate poor zinc nutriture was established in the 1960s
when Prasad and co-workers reported the first cases of human zinc deficiency in young
Middle Eastern men [1, 2]. One decade later, low hair zinc was found to be common among
healthy low-income American children [3], and the existence of a subtle and mild zinc
deficiency in these children was confirmed through a supplementation program [4].
Following the publication of these studies, other similar studies emerged [5, 6] which,
combined, led to a better recognition of this subtle form of zinc deficiency. This deficiency
had no specific clinical signs, and serum zinc, the most common biomarker of zinc status,
was not able to detect it. Hair zinc, on the other hand, appeared able to do so. This
deficiency, since it is marginal when seen against the full spectrum of zinc deficiency, has
become known as marginal zinc deficiency (MZD).

During childhood, MZD may affect growth and development adversely [6–9]. Currently,
there is little information available on the long-term effect of childhood zinc deficiency.
However, it is recognized that the human brain continues to develop during the preschool
period, and this growth can be adversely affected if adequate nutrients are not available. In
addition, the available information indicates that some micronutrient deficiencies during
infancy, such as iron, may have long-term consequences [10]. Therefore, it is crucial to err on
the side of caution by detecting and rectifying childhood deficiencies as early as possible.

Hair zinc is commonly used in MZD studies of children, and its usefulness with children
has been documented in many industrialized countries including Canada [6] and the USA
[4]. Overall, it is believed that, in the absence of protein-energy malnutrition, hair zinc can
be a good index of MZD in children [11].

Hair zinc is sensitive enough to detect the shortages at early stages. The uptake of zinc
by the hair is quite slow and may be hindered preferentially if the body’s zinc supply is
decreased. In these circumstances, the more important zinc-dependent organs and
machineries continue to receive an adequate supply without any symptom of zinc
deficiency becoming apparent, while the concentration of zinc in the hair is reduced [12].
It is this special physiology that confers sensitivity to hair zinc as a biomarker of marginal
zinc deficiency.

In addition, once the metal is incorporated into the hair, it is no longer in equilibrium
with the body and, therefore, is not susceptible to circadian variations or homeostatic
regulations [13]. This feature confers specificity to hair zinc as a biomarker. On the
practical side of the issue, also, the higher range of concentration of zinc in hair (parts per
million compared to parts per billion in blood) facilitates the analyses greatly [11], while its
convenience in sample collection and storage makes it a suitable method in studies of large
populations, especially in children.

Despite these advantages, differences in hair zinc associated with age [3], sex [5, 6], and
environmental exposure [14] have been documented. To date, there have not been
adequately large studies conducted to characterize these differences. Therefore, one of the
primary problems in interpreting the results of hair analyses is the lack of a normal range of
concentration for different age groups and sexes.

In addition, in North America, the information regarding preschoolers’ zinc status is
scarce. In the USA, the early works on childhood MZD [3, 4, 7] have not been followed by
many further studies. In Canada, studies documenting the occurrence of MZD in
preschoolers and its response to supplementation were last done nearly two decades ago
[5, 6]. Therefore, we conducted this present study to fulfill these specific objectives: (1) to
assess the hair zinc status and the extent of low hair zinc in a large sample of preschool
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children living in Vancouver, Canada and (2) to explore differences in preschoolers’ hair
zinc content based on age and sex.

Methods and Materials

Study Design This was designed as a citywide cross-sectional survey, representing all 23
social planning neighborhoods of the city of Vancouver. Childcare and preschool centers
were planned as the sources for our recruitment. In studying data from a national census
conducted in 2001, it was apparent that there was a wide variation in the socio-economic
status (SES) both between and within individual neighborhoods. Accordingly, neighbor-
hoods were broken down into smaller units referred to as dissemination areas (DA, the
basic unit of Canada’s census geography composed of one or more neighboring blocks
having a population of 400–700 people). The Geographic Information System of the
Human Early Learning Partnership produced maps of each neighborhood with their DAs
color-coded indicating the SES of that DA. The potential participating centers (childcare
and preschool centers) were identified on the map of each neighborhood. Care was taken to
have fair representation of each color (each SES) when selecting centers for participation
within a neighborhood.

Centers were contacted by telephone and were asked about their willingness to
participate in the survey. In total, 55 centers agreed to participate (55/68=81% response
rate), while 13 refused to do so. With each refusal a new center, within the same
neighborhood DA or within an other DA of that neighborhood with similar SES, was
selected for contact. Following initial contact, survey information packages were mailed to
the centers. Packages contained a letter from the principal investigator explaining the
project and the institutions involved in it and a schematic presentation outlining the
sequence of the survey events together with their allotted time intervals. Subsequently,
meetings were held with participating centers, during which the survey and the survey team
were introduced to the childcare professionals, the time line for the survey and the activities
involved were discussed, and the initial letter of contact was given to the centers to be sent
out to the parents in a week’s time. One to 2 weeks after the letter of initial contact, survey
packages containing a subject information letter and a consent form and the survey
questionnaire were sent to the children’s homes. During the next 2 weeks, completed
survey packages were returned to the center. Following this, visits to the centers were
scheduled during which anthropometric measurements and hair samples were obtained
from the consenting children. The survey was planned in four waves, each starting and
ending in a staggered manner such that the entire survey occurred over a period of 6 weeks,
between March and June, 2006.

Inclusion Criteria The inclusion criteria for our survey were: (1) residency in the city of
Vancouver, (2) being healthy (not diagnosed with any major or chronic illness), and (3)
being between 24–71 months old.

Biochemical Data Following the protocol proposed by the International Atomic Energy
Agency [15] and adopted by the Center of Disease Control, hair samples were cut from
three to four locations at the back of the head and as close to the scalp as possible. Only the
first 1–2 cm proximal to the scalp were taken, the remainder being discarded. Samples were
each placed in a pre-labeled coin envelope and delivered to the analyzing laboratory every
week. All samples were collected by the same individual.
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In the laboratory, the samples were processed [16] and analyzed for zinc content by
inductively coupled plasma mass spectrometry [17]. They were analyzed as single samples
with a duplicate after every ten samples. The within-assay coefficient of variation (CV) for
this method was 3.3% at a mean of 157.3 μg zinc/g hair, while between assays, CV was
6.0% at a mean of 157.7 μg zinc/g hair.

The cutoff of 70 μg/g, proposed by Hambidge [3] and defined as 3 SD below the adult
mean, was used in this study to define low hair zinc. For exploring associations of hair zinc
and growth parameters among preschoolers under 4 years of age, 30 μg/g was examined as
an additional cutoff.

Anthropometrics Trained research personnel measured the children’s height and weight at
the childcare center. A measuring rod aligned and secured on any wall in the room that was
flush with an uncarpeted floor was employed to measure the height as each child stood
shoeless with back to the wall, feet together and looking straight ahead. Heights were
measured to the nearest 0.1 cm. Body weight was measured to the nearest 0.1 kg using a
lithium electronic scale (Taylor Precision Products, L.P, Model 7300) with the scale placed
on a hard floor and children standing on it shoeless and wearing light indoor clothing only.
All the readings were done in multiples until two consecutive numbers were identical or not
different by more than 0.5 unit of measurement. When two consecutive readings were not
identical, the average of the two readings was recorded.

Tables from the Center for Disease Control standards [18] were used to calculate the
weight-for-age (WAZ), height-for-age (HAZ), and weight-for-height (WHZ) Z scores of all
children.

Statistical Analyses The data were analyzed using the Statistical Package for Social
Science, SPSS, (version 13.0, 2005). Data summaries for continuous variables are reported
as mean±standard deviation (SD). Hair zinc levels were modeled both as a continuous and
a binary (<70 or ≥70 μg/g) outcome.

The differences between hair zinc levels of different sexes and age groups were assessed
using analyses of variance, ANOVA, followed by Tukey’s post hoc analyses, when
applicable. When both the outcome variable and the explanatory variable were categorical,
the differences were examined using a continuity corrected Chi-square contingency table.

To examine associations of age and sex with hair zinc levels, univariate regression
analyses were carried out with hair zinc as the outcome variable.

Results

Study Population Overall, out of 2,550 survey packages distributed to childcare centers,
772 were returned (response rate of 30%). Out of these, 719 (3% of the city preschoolers)
had hair samples analyzed, out of which only 705 had data on age and sex available.

Descriptive and anthropometric characteristics of the survey children are shown in
Table 1. Boys and girls were equally represented. More than half of the children had
mothers with some post-secondary education. Over 40% of the families had a reported
income level >$60,000/year.

Table 1 also presents the mean (±SD) of the HAZ, WAZ, and WHZ scores. These means
did not indicate any growth retardation for our study population. About 50% of HAZ and
51% of WAZ scores of the study population were between −0.67 and 0.67, corresponding

S24 Vaghri et al.



to the 25th and 75th percentiles. The rate of stunting (HAZ<−2) and malnutrition (WAZ<
−2), 2% (n=13) and 2.3% (n=16), respectively, were not higher than the expected baseline
for any normal distribution.

Hair Zinc Status The hair zinc of this group of preschoolers was nearly normally
distributed (Fig. 1) with mean hair zinc of 115±43 μg/g, while 17% (n=121) and 2% (n=
13) of children had hair zinc <70 and <30 μg/g, respectively.

Mean hair zinc did not differ by sex (Table 2); however, girls were significantly more
likely than boys to have low hair zinc (Fig. 2). In addition, both mean hair zinc and the
prevalence of low hair zinc changed with age: mean hair zinc was significantly higher in
children aged 4 and above than in those below the age of 4; and the prevalence of low hair
zinc decreased significantly over the same time frame and appeared to plateau thereafter.
The pattern of change in mean hair zinc with age was similar between boys and girls, as
revealed by a non-significant sex-by-age interaction.

Association of Hair Zinc with Growth Parameters Regression analyses between anthropo-
metric Z scores (height-for-age, weight-for-age, and weight-for-height) and hair zinc levels
indicated that there were no significant associations, whether the data were analyzed for all
children combined or separately by sex and age group (below or above 4 years of age). In
all cases, R2 values were <0.01. Table 3 summarizes mean values for HAZ, WAZ, and
WHZ by age group and sex and for all ages and both sexes for those classified with low

Socio-demographic variables Number (%)

Sexes
Boys 360 (50)
Girls 359 (50)
Age (months)a 49±12
Ethnicity
Caucasian 305 (42)
Chinese 223 (31)
East Indian 54 (8)
Other ethnicitiesb 134 (19)
Missing 3 (0.0)
Maternal education
<High school 49 (7)
High school 72 (10)
Some college 170 (24)
College or university degree 420 (58)
Missing 8 (1)
Income
<20,000/year 67 (9)
20–39,000/year 120 (17)
40–60,000/year 94 (13)
>60,000/year 310 (43)
Missing 128 (18)
Anthropometricsc

Height-for-age Z scores 0.09±1.0
Weight-for-age Z scores 0.24±1.2
Weight-for-height Z scores 0.25±1.6

Table 1 Socio-demographic de-
scription of study population
(n=719)

a Values indicate mean±SD.
b Other ethnicities: 32 Filipinos, 19
Japanese, 18 identified themselves
as Asians, 11 Vietnamese, ten
Latin, seven Koreans, six
aboriginal, five Middle Eastern,
and 26 miscellaneous
c Only 662 children had
anthropometric data.
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hair zinc and normal hair zinc. There were no differences in the indices of growth or
nutrition between low hair zinc and normal hair zinc children or among younger (<4)
children with normal and low hair zinc. Further, the lack of any significant differences in
the parameters of growth and nutrition of children based on their hair zinc status persisted,
even when the hair zinc status of the younger children was assigned using the cutoff of
30 μg/g (data not shown).

Discussion

Our study explored the hair zinc status of a large sample of Vancouver preschoolers. The
study findings indicated that the average hair zinc in this population was comparable to
previous reports for Canadian [5, 6], American [19] and other industrialized societies’ [20]
children. The rate of low hair zinc (17%) in our study was also comparable with 16%

Table 2 Variation in hair zinc of boy and girls by age group

Age (months) All Boys Girls

n Hair zinca (μg/g) n Hair zinc (μg/g) n Hair zinc (μg/g)

24 to <36 103 98±49x 43 105±46x 60 93±52x

36 to <48 203 107±42x 106 107±39x 97 107±46xy

48 to <60 234 125±40y 116 125±37y 118 124±43z

60 to <72 165 123±40y 88 127±34y 77 119±45zy

All 705 115±43 353 118±39 352 113±47

Superscripts x, y, and z are used to indicate statistically significant differences in the hair zinc of different age
groups of a given column (P<0.05). There were no sex-based differences in hair zinc level overall or by age
group.
a Values indicate mean±SD.
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Fig. 1 Frequency distribution
and descriptive statistics for the
hair zinc level of the study pop-
ulation. The shaded area denotes
children with hair zinc below the
cutoff of 70 μg/g
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reported for a group of preschoolers from Eastern Canada [5]. Age-based differences in the
hair zinc level and age- and sex-based differences in the occurrence of low hair zinc were
apparent. In our study, we did not observe any associations between hair zinc and indices of
growth (HAZ) or nutrition (WAZ and WHZ). As a population, the average (±SD) of the
anthropometric Z scores were within the normal range.

Among our study participants, we observed that the two sexes had comparable mean
hair zinc, while girls had a significantly higher occurrence of low hair zinc. We could not

Table 3 Height-for-age Z scores, weight-for-age Z scores and weight-for-height Z scores of children
classified by low (<70 μg/g) or normal hair zinc status

All Boys Girls

<70 μg/g ≥70 μg/g <70 μg/g ≥70 μg/g <70 μg/g ≥70 μg/g

HAZ
<4 years −0.07±0.9 0.21±1.1 0.07±1.0 0.19±0.9 0.01±0.9 0.2±1.0
≥4 years −0.13±0.8 0.06±1.0 0.11±1.0 0.05±1.1 0.02±0.9 0.06±1.0
All −0.09±0.9 0.12±1.0 0.07±1.0 0.10±1.0 0.01±0.9 0.11±1.0
WAZ
<4 years 0.35±1.8 0.47±1.2 0.66±1.7 0.37±1.3 0.53±1.7 0.42±1.3
≥4 years −0.15±0.7 0.16±1.0 −0.25±0.8 0.06±1.0 −0.21±0.8 0.11±1.0
All 0.17±1.5 0.28±1.1 0.31±1.5 0.17±1.1 0.26±1.5 0.23±1.1
WHZ
<4 years 0.10±2.7 0.41±1.4 0.79±2.1 0.36±1.6 0.51±2.4 0.39±1.5
≥4 years −0.11±1.1 0.22±1.2 −0.37±1.0 0.11±1.2 −0.28±1.0 0.16±1.2
All 0.02±2.2 0.30±1.3 0.35±0.21 0.21±1.4 0.22±2.0 0.26±1.3

Values indicate mean±SD.
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Fig. 2 Comparison of the rate of
low hair zinc in different age
categories of boys (a) and girls
(b) of the survey. Superscripts a
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explain this finding given that the majority of evidence in the zinc literature suggests male
children are more vulnerable to low hair zinc [5, 20] and show a better response to zinc
supplementation [4, 7, 8, 21, 22]. The literature speculates on a higher physiological need in
males as the underlying reason for these observed differences. However, in light of our
finding and that of studies such as Zachiwieja and co-workers’ [23] that have shown higher
hair zinc for boys in some, not all, regions of Poland combined with other works [24] that
have shown a comparable hair zinc values for boys and girls, it is reasonable to speculate
that there may be additional factors besides physiology at work here; factors that, unlike the
physiology of male humans (which is the same for male children from different regions),
differ for male children of different regions/studies. One such factor could be sex-based
differences in food intake that have been documented in some Canadian studies [5, 25, 26]
as well as in studies of other industrial societies [27–29]. This area remains as one in need
of further investigation.

Further exploration of the data confirmed an increase in hair zinc as the age of the
children increased. The zinc literature indicates a change in hair zinc concentration with age
[3, 20, 30–32]. While there seems to be consensus that hair zinc decreases during infancy
and increases post-infancy, information on the nadir and zenith of this change is
inconsistent. A result somewhat similar to ours has been reported in the cross-sectional
study of Hambidge and co-workers [3], which showed that the hair zinc for neonates (n=
25) was closely comparable with that of young adults (n=88) but that these levels were
lower and remained low for children in the category of 3 months to 4 years of age (n=93)
and then rose for the age category of 4–17 years olds (n=132). However, due to the age
clusters used in this study, it is not possible to draw any clear conclusions on the hair zinc
levels of older and younger preschoolers. Others [24, 30, 31] indicate a different age for this
rise in hair zinc. Overall, these studies either did not look at the preschool years individually
[3, 30, 31] or had only a small sample size for each age segment [24]. Our study is the first
sufficiently large study of this age group that has been able to sample an adequate number
of children from each age cluster (≥2 to <6 years old) and has explored their differences.
This large sample size confers a high reliability on our results which indicates a sharp
increase in hair zinc of children upon completion of year 4.

This age-based difference in hair zinc deserves further investigation. If the lower hair
zinc during early childhood has no functional/clinical ramification, it may be indicative of
normal physiological processes. If so, it may challenge the usefulness of the commonly
used hair zinc cutoff (<70 μg/g) as a biomarker of MZD among younger preschoolers and
necessitate investigation and validation of a more suitable cutoff for this age group.
Hambidge and co-workers [3] documented associations between hair zinc and some clinical
signs of zinc deficiency such as anorexia and poor growth among apparently healthy
younger children (<4 years). However, these associations were evident only for those
children who had a hair zinc level below 30 μg/g and were not apparent in children whose
hair zinc was 30–70 μg/g. This observation clearly undermines the appropriateness of using
the cutoff of 70 μg/g for younger children. However, since then the researchers studying
preschoolers have continued to analyze the combined data and to use the same cutoff for
both younger and older preschoolers [4, 19, 20, 31].

In our study, we did not observe any differences in the indices of growth or nutrition
between low hair zinc and normal hair zinc children or between younger low hair zinc
children and their counterparts with normal hair zinc. This lack of significant difference
persisted even when the hair zinc status of the younger children was classified using 30 μg/g
as the cutoff. However, this lack of association could also be due to the small sample size
(n=13) of younger children with hair zinc <30 μg/g.
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In summary, our study provides important reference values for hair zinc for healthy children
of North America and perhaps for children of industrialized societies in general. It presents
evidence for age-based changes in hair zinc during the preschool years and indicates this area as
one in need of further investigation. Lastly, this study presents some information on the hair zinc
status and the prevalence of low hair zinc in an apparently healthy population of Canadian
preschoolers two decades after the last Canadian study on this age group was published.

Limitations of our study should be kept in mind when generalizing its findings. One
such limitation arises from our sampling method, which may have conferred “selection
bias” to the findings. In the city of Vancouver, only 15% of the families with preschoolers
use the preschool and childcare centers (personal communication with West Coast Family
Services). By using these services as a major source of recruitment, we may have excluded
children of stay-at-home parents who are not the consumers of these services and who
could differ systematically from children who attend childcare.

Another factor that may have introduced some bias to our study is the selection bias due
to non-response. The overall response rate of our survey was 30%, with 70% of the parents
receiving our survey package choosing not to respond. Non-response in survey research can
pose a threat to the generalizability of results if respondents and non-respondents differ
systematically [33]. We did not have any way of comparing the characteristics of non-
respondents with respondents. However, in general, it has been shown that non-respondents
have a lower socioeconomic status [34–36], worse health status [37, 38], and better self-
reported health [35] than respondents. One possible implication of this error on the findings
of our study would be under-estimation of the prevalence of low hair zinc due to the
participation of the healthier fraction of the population in our survey.

Finally, it is important to keep in mind that this was a cross-sectional survey with a limitation
inherent in all cross-sectional studies. All the relationships observed were those of association.
As a result, we did not and cannot establish the existence of any causal relationship or lack of it.
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