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District, Papua New Guinea

Victor J. temPle1, Diana eteP1, nigani willie1, a.B. amoa2 anD mary Bagita2

School of Medicine and Health Sciences, University of Papua New Guinea, Port 
Moresby and Division of Obstetrics and Gynaecology, Port Moresby General Hospital, 

Papua New Guinea

SUMMARY

This cross-sectional study assessed the zinc status of non-pregnant and pregnant 
women resident in the National Capital District (NCD), Papua New Guinea (PNG).  Non-
fasting morning blood samples were collected by venipuncture from consented women.  
Flame atomic absorption spectrometry was used to measure the serum zinc concentration 
in 27 non-pregnant and 100 pregnant women.  C-reactive protein (CRP) in serum was 
measured by enzyme immunoassay and used to interpret the serum Zn data.  For all the non-
pregnant women, the median serum zinc concentration was 42.7 µg/dl with an interquartile 
range (IQR) of 27.6 to 91.2 µg/dl.  Zinc deficiency was prevalent among 59% in this group of 
women.  For those with normal CRP the median and IQR serum zinc concentrations were 
48.9 µg/dl and 30.2 to 98.7 µg/dl, respectively.  The median and IQR for all the pregnant 
women were 63.8 µg/dl and 40.9 to 93.2 µg/dl, respectively.  Prevalence of zinc deficiency 
was 42% using the cut-off point of 56.0 µg/dl.  Of the 100 pregnant women, 16 (16%) were 
in the first trimester, 51 (51%) in the second trimester and 33 (33%) in the third trimester.  
The median serum zinc concentrations of pregnant women in the first, second and third 
trimesters were 87.0 µg/dl, 61.6 µg/dl and 60.8 µg/dl, respectively.  Using gestational 
period-specific cut-off points, zinc deficiency was prevalent among 31%, 39% and 36% 
of the pregnant women in the first, second and third trimesters, respectively.  Our results 
clearly indicate suboptimal zinc status among non-pregnant and pregnant women in the 
NCD.  According to the International Zinc Nutrition Consultative Group (IZiNCG) criteria, 
this should be considered as a public health problem among these groups of women in 
the NCD.  To effectively address the issue, social mobilization, intensive education and 
awareness campaigns, with all relevant target groups and policy makers, are urgently 
required.
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Introduction

Zinc (Zn) is one of the essential trace 
elements in human nutrition.  It is a component 
of over 200 metallo-proteins with a wide range 
of biochemical functions (1,2).  Zn is required 
for normal cellular growth and differentiation, 
and for the expression of multiple genes 
regulating mitosis; it plays a crucial role in the 
development and maintenance of the immune 
system; it is also required for the regulation 
of a family of transcriptional regulators with 
Zn-finger motif involved in sequence-specific 

DNA (deoxyribonucleic acid) recognition and 
gene expression (1-4).  Zinc is also required 
for the absorption, transport, metabolism, 
hepatic release and tissue utilization of vitamin 
A as well as for regulation of blood sugar, 
acid-base balance, calcium metabolism, and 
normal functions of the gonads, thyroid and 
adrenal glands (1-6).  Zn is an antioxidant that 
helps to stabilize and maintain the integrity of 
cellular membranes (5,6).  The consequences 
of Zn deficiency are manifold (1-12).

Inadequate dietary intake of Zn by women of 
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childbearing age can compromise major body 
functions, including impairment of physical 
growth, immune competence and reproduction 
(1,2,12,13).  Some scientific reports have 
indicated that women are at increased risk of 
Zn deficiency during pregnancy, because of 
the high fetal requirement for Zn (1,2,13-15).  
Mild to moderate (subclinical) Zn deficiency 
has been associated with prolonged 
gestation, intrauterine growth restriction, 
pregnancy-induced hypertension, preterm 
delivery, complications of labour and delivery 
of neonates with low birthweights (1-3,11-20). 

According to the International Zinc Nutrition 
Consultative Group (IZiNCG), World Health 
Organization (WHO) and United Nations 
Children’s Fund (UNICEF), serum or plasma 
Zn concentration is the best available 
biomarker of the risk of Zn deficiency in target 
populations, because it is the only biochemical 
indicator for which some acceptable reference 
data are available (1,7,21-24).  

Flame atomic absorption spectrometry 
(FAAS) is one of the recommended analytical 
methods for the assay of Zn in serum.  It 
is a robust technique with high sensitivity, 
reproducibility, specificity and precision; 
however, to avoid contamination by ambient 
sources of Zn, appropriate precautions must 
be taken during collection, processing and 
analysis of the serum samples (1,22,24).

Several criteria have been proposed 
for data interpretation, because serum Zn 
concentration is affected by recent meals, 
time of day of sample collection, age, gender, 
systemic infections, inflammation or trauma 
(1,22,25,26). 

Serum Zn concentration below 66.0 µg/dl 
(10.1 µmol/l) is the recommended cut-off point 
that indicates Zn deficiency for non-fasting, 
non-pregnant women (1,22,25,26). 

During the various stages of pregnancy, 
blood volume expansion and hormonal 
changes cause variations in the Zn 
concentration in blood (1,22,25,26).  Thus 
various cut-off points have been used to 
indicate Zn deficiency in pregnant women (17-
19,27,28).  However, according to the IZiNCG 
and others, trimester-specific cut-off points 
should be used for assessing the Zn status 
of pregnant women (21,22,25, 26).  In the first 
trimester, serum Zn concentration below 56.0 
µg/dl (8.6 µmol/l) indicates Zn deficiency while 

in the second and third trimesters of pregnancy, 
serum Zn concentration below 50.0 µg/dl (7.6 
µmol/l) indicates Zn deficiency (2,22,26).  To 
control for infection, inflammation or trauma, 
the concentration of C-reactive protein (CRP) 
should be measured in each serum sample 
(1,2,7) and the results used for appropriate 
interpretation of the Zn status of the target 
population (1,2,7,22,26).  Zn deficiency in a 
target population is considered to be of public 
health significance when the prevalence of Zn 
deficiency is greater than 20% (1,2,22,26).

Published data on the Zn status of Papua 
New Guinea (PNG) populations have been 
focused mainly on children (10,29), with no 
available data on pregnant women.  There 
are published scientific data indicating a high 
prevalence of subclinical Zn deficiency status 
among pregnant women in some resource-
limited countries (17,27,28,30,31).  These 
reports are important because of the negative 
impact of Zn deficiency on maternal and fetal 
outcomes.  Thus the need for continuous 
monitoring of the Zn status of pregnant women 
in resource-limited countries like PNG cannot 
be overemphasized. 

Currently there are no published data on 
the prevalence of zinc deficiency among non-
pregnant and pregnant women in PNG.  The 
major objective of this study was to assess 
the Zn status of non-pregnant and pregnant 
women resident in the National Capital District 
(NCD), PNG.

Subjects and Methods

Study site 

The primary site was the antenatal clinic 
in the Obstetrics and Gynaecology (O&G) 
Department in Port Moresby General 
Hospital (PMGH), which is the major, general, 
specialist and referral hospital in the National 
Capital District and PNG.  PMGH is also the 
Teaching Hospital for the School of Medicine 
and Health Sciences (SMHS), University of 
Papua New Guinea (UPNG). 

Sample size

Calculation of sample size was based on a 
design effect of one, relative precision of 10% 
and confidence level of 95%.  As there were 
no available data on the likely prevalence rate 
of zinc deficiency among women in NCD, a 
prevalence rate of 25% was assumed.  The 
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sample size of about 160 was obtained for a 
predicted non-response rate of 20% (32). 

Study design and sampling

This was partly a hospital outpatient-based 
cross-sectional study, because it is difficult 
to get pregnant women outside the hospital 
to donate blood samples for research.  All 
pregnant women who attended the antenatal 
clinic in PMGH between May and July 2013 
were eligible for enrolment in the study.  
The pregnant women were selected by 
simple random sampling after their routine 
examination by the O&G consultants.  Non-
pregnant, non-lactating women of childbearing 
age residing in NCD were selected randomly 
from staff and students in PMGH and SMHS.

Collection of blood samples and 
questionnaire data

The major aim of the study was explained 
to each of the women and their accompanying 
relative before requesting their signed 
informed consent.  A non-fasting morning 
blood sample was obtained by venipuncture 
from each consented woman.  The blood 
was transferred into a labelled sterile 
micronutrient-free polypropylene tube, placed 
into a cool-box kept at 4-8ºC and transported 
to the Micronutrient Research Laboratory 
(MRL) in the SMHS, UPNG.  The blood 
samples were centrifuged at 3500 rpm at 
4ºC for 30 minutes, after which aliquots of 
each serum were separated into two labelled 
sterile micronutrient-free Eppendorf vials 
and kept frozen at −70ºC until required for 
analysis.  Special precautions were taken to 
avoid contamination of the serum by ambient 
sources of Zn (1,2,22,24).  A self-designed 
pretested questionnaire was used to collect 
specific information, including time of last 
meal, type of meal, time of sample collection, 
age, gestational age and residential location 
of each participant. 

Exclusion criteria

Women with significant illness, those to 
be admitted in the wards, and women not 
resident within the NCD were excluded from 
the study. 

Analysis of serum samples

The quantitative assay of Zn in serum was 
carried out in the PNG National Agricultural 

Research Institute (NARI) Chemistry 
Laboratory, using the Varian AA 240 flame 
atomic absorption spectrometer.  The 
recommended procedures and precautions 
for assay of serum Zn were implemented, 
including the use of four levels of standard 
serum samples for internal quality control 
(22,24).  The FAAS parameters used were: 
wavelength 213.9 nm, slit width 1.0 nm, 
lamp current 4.0 mA, burner height 10.0 mm, 
acetylene flow 2.0 l/min, air flow 13.5 l/min and 
aspiration time 5 seconds (33).  The assay of 
C-reactive protein in serum was carried out in 
the MRL in the SMHS, UPNG.  A commercial 
enzyme immunoassay (EIA) kit for the in vitro 
diagnostic quantitative determination of CRP 
in serum was used (34).  The controls provided 
by the manufacturer were used to determine 
the inter- and intra-assay coefficients of 
variation (CV), which were 3.0% and 2.4% 
respectively. 

Data analysis and interpretation 

The statistical package for social sciences 
(SPSS) version 20 for Windows and Excel MS 
data pack software were used for statistical 
analysis of data.  Data distribution was 
determined by the Shapiro-Wilk test.  The 
Chi-squared test, Fisher’s Exact test, Mann-
Whitney U test, Wilcoxon rank sum test and 
one-way analysis of variance (ANOVA) were 
used as appropriate.  

In the present study, the results were 
interpreted using the recommended criteria 
proposed by the IZiNCG expert committee 
(1,22,25,26).  Serum Zn concentration below 
66.0 µg/dl (10.1 µmol/l) indicates Zn deficiency 
among non-pregnant women.  Two cut-off 
points were used for the pregnant women, 
serum Zn concentration below 56.0 µg/dl (8.6 
µmol/l) and below 66.0 µg/dl. 

The trimester-specific cut-off points 
indicating Zn deficiency were used as follows: 
serum Zn below 56.0 µg/dl for pregnant 
women in the first trimester; serum Zn below 
50.0 µg/dl (7.6 µmol/l) for pregnant women 
in the second and third trimesters.  Other 
cut-off points were used for the purpose of 
comparing our results with published data 
in other countries.  Risk of a public health 
problem is indicated when the prevalence of 
Zn deficiency is between 10 and 20% of the 
target population; a prevalence of above 20% 
indicates a public health problem (1,22,26).  A 
serum CRP level below 8.0 µg/ml indicates a 
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normal CRP level (34). 

Ethical clearance

Approval for this study was obtained from 
the Ethical and Research Grant Committee in 
the SMHS, UPNG, and the Medical Research 
Advisory Committee (MRAC), PNG National 
Department of Health (NDoH).  Permission 
was obtained from the Chief Executive Officer 
and Director of Medical Services of PMGH.  
In addition, signed informed consent was 
obtained from each subject before collecting 
the blood sample.

Results

The total number of women recruited was 
160, but informed consent was obtained from 
127 women (response rate 79%).  Of the 
127 women who participated in the study, 
27 (21%) were non-pregnant and 100 (79%) 
were pregnant.  All the women indicated 
that they had consumed their regular meal 
before coming to the clinic in the morning.  
The various foodstuffs they had consumed 
included bread, rice, sago, sweet potato 
(kaukau), taro, yam, tapioca, breadfruit, green 
vegetables, betelnuts, peanuts, coconut, 
coconut milk, fruits, pork, tinned fish and other 
seafood. 

The mean age of the non-pregnant women 
was 23.4 ± 2.7 years (mean ± standard 

deviation) and the age range was 19 to 33 
years.  The Shapiro-Wilk test (p = 0.03; df = 
27) indicated that the serum Zn concentration 
for the non-pregnant women was not normally 
distributed.  The box-plot of the serum Zn 
concentration (Figure 1) also indicates that 
the values were not normally distributed.  
The median serum Zn concentration for the 
non-pregnant women was 42.7 µg/dl and the 
interquartile range (IQR) was 27.6 to 91.2 µg/
dl.  Zn deficiency was prevalent among 59% 
of the non-pregnant women (Table 1). 

In order to assess the effect of acute 
infection on serum Zn concentration, the non-
pregnant women were separated according to 
their serum CRP levels. 

The serum CRP level was within the normal 
range in 24 (89%) of the 27 non-pregnant 
women; their serum Zn data obtained is 
presented in Table 1.  The median and IQR 
serum Zn concentrations were 48.9 µg/dl and 
30.2 to 98.7 µg/dl respectively.  A very weak 
inverse correlation (Spearman’s rho = −0.13, 
p = 0.35) was obtained between the serum Zn 
concentrations and serum CRP levels for the 
non-pregnant women. 

Using the Mann-Whitney U and Wilcoxon 
W tests, no significant difference (p = 0.392, 
2-tailed) was obtained between the serum Zn 
concentrations for all the non-pregnant women 
and the non-pregnant women with normal 

Figure 1.  Box-plots of serum Zn concentrations (µg/dl) for all the non-pregnant and all the pregnant women.
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TABLE 1

Serum zinc concentration for all the non-Pregnant women anD for thoSe with normal Serum crP 
anD Percent Below the cut-off Point that inDicateS zinc Deficiency 

Non-pregnant women
(n = 27)

Non-pregnant women with 
normal CRP 

(n = 24)

Median serum Zn (µg/dl) 42.7 48.9

Interquartile range 27.6-91.2 30.2-98.7

Mean serum Zn (µg/dl) 58.3 61.4

Standard deviation 37.5 38.6

95% CI (µg/dl) 43.5-73.1 45.1-77.7

Percent (number) with serum 
Zn below 66.0 µg/dl 59.3% (16) 54.2% (13)

NB: divide µg/dl by 6.54 to convert to µmol/l
CRP = C-reactive protein
Zn = zinc
CI = confidence interval

serum CRP level.  ANOVA also indicated no 
difference between the two groups (F = 0.085, 
p = 0.77).  Zn deficiency was prevalent in 
54% of the non-pregnant women with normal 
serum CRP level. 

The mean age for the pregnant women was 
26.0 ± 5.3 years and the age range was 16 
to 42 years.  The box-plot for the serum Zn 
concentrations for all the pregnant women is 
also presented in Figure 1, which shows that 
the data were slightly skewed.  The Shapiro-
Wilk test (p = 0.001, df = 100) further confirmed 
that the data were not normally distributed.  
Table 2 shows the serum Zn data obtained for 
all the pregnant women and for the pregnant 
women with normal serum CRP level.  A 
very weak inverse correlation (rho = −0.108, 
p = 0.55) was obtained between the serum 
Zn concentrations and serum CRP levels 
for all the pregnant women.  No significant 
difference (p = 0.095, 2-tailed) was obtained 
between the serum Zn concentrations for all 
the pregnant women and pregnant women 
with normal serum CRP level.  A similar result 
was obtained using ANOVA (F = 3.304, p = 
0.071).   

Using the serum Zn cut-off point of 56.0 µg/
dl, Zn deficiency was prevalent in 42% of all 

the pregnant women, compared to 51% of the 
pregnant women with normal CRP.  Analysis 
of the data for the 30 (30%) pregnant women 
with elevated serum CRP levels indicated 
that only 6 (20%) of them had a serum Zn 
concentration below the cut-off point indicating 
Zn deficiency.  

Of the 100 pregnant women, 16 (16%) 
were in the first trimester, 51 (51%) in the 
second trimester and 33 (33%) in the third 
trimester of pregnancy.  The mean ages of 
the pregnant women in the first, second and 
third trimesters were 26.1 ± 6.2 years, 26.0 ± 
5.0 years and 26.0 ± 5.6 years, respectively.  
The corresponding age ranges were 23 to 42 
years, 16 to 39 years and 17 to 36 years. 

The distribution of the serum Zn 
concentrations for the pregnant women in 
their first, second and third trimesters are 
presented in the box-plots in Figure 2.  The 3 
box-plots are slightly skewed, thus indicating 
that the data were not normally distributed.  
The serum Zn data obtained for the pregnant 
women in the three trimesters of pregnancy 
are presented in Table 3.  The median serum 
Zn concentrations of the pregnant women in 
the first, second and third trimesters were 87.0 
µg/dl, 61.6 µg/dl and 60.8 µg/dl, respectively.  
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TABLE 2

Serum zinc concentration for all the Pregnant women anD for thoSe with normal Serum crP anD 
Percent Below the two cut-off PointS that inDicate zinc Deficiency 

All pregnant women
(n = 100)

Pregnant women with 
normal CRP 

(n = 70)

Median serum Zn (µg/dl) 63.8 55.1

Interquartile range 40.9-93.2 40.3-68.6

Mean serum Zn (µg/dl) 68.0 58.9

Standard deviation 34.3 28.7
95% CI (µg/dl) 61.2-74.8 52.1-65.7

Percent (number) with serum Zn 
below 66.0 µg/dl 56.0% (56) 70.0% (49)
Percent (number) with serum Zn 
below 56.0 µg/dl 42.0% (42) 51.4% (36)

CRP = C-reactive protein
Zn = zinc
CI = confidence interval

No significant differences (p >0.05) were 
obtained when the serum Zn concentrations in 
the various trimesters were compared.   Table 
3 also shows the Zn status of the pregnant 
women in the three trimesters according 
to the various cut-off points indicating Zn 
deficiency.  Using the cut-off point of 56.0 
µg/dl, zinc deficiency was prevalent in 31% 
of the pregnant women in the first trimester.  
Zn deficiency was prevalent in 39% and 36% 
of pregnant women in the second and third 
trimesters, respectively, using the cut-off point 
of 50.0 µg/dl.

The serum CRP level was within the normal 
range in 56%, 73% and 73% of the pregnant 
women in the first, second and third trimesters 
of pregnancy, respectively.  The serum Zn 
data obtained for the three groups of pregnant 
women with normal serum CRP levels are 
also presented in Table 3.  There were no 
significant differences (p >0.05, 2-tailed) 
obtained when their serum Zn concentrations 
were compared.  Using the appropriate cut-
off points, Zn deficiency was prevalent in 33% 
of the pregnant women in the first trimester 
(cut-off point 56.0 µg/dl).  The prevalence was 
46% and 46% of the pregnant women in the 

second and third trimesters, respectively (cut-
off point 50.0 µg/dl).

Discussion

The mean serum Zn concentration (58.3 
µg/dl) obtained for the non-pregnant women 
in the present study was higher than the 53.0 
µg/dl reported for rural Malawian women 
(17), but lower than the values reported for 
women in Enugu, Nigeria (27), Uruguay, 
Brazil and Mexico (18).  The prevalence 
(59%) of Zn deficiency was higher than that 
reported for non-pregnant women in these 
countries (17,18,23).  In the present study, the 
prevalence (54%) of Zn deficiency among the 
non-pregnant women with normal CRP was 
higher than the 36% reported for a similar 
group of non-pregnant women in rural Malawi 
(17). 

The high prevalence of Zn deficiency among 
the non-pregnant women in the present study 
should be of concern to program planners, 
because it may indicate a prolonged status 
of Zn depletion in the population.  This is 
because, during short-term Zn depletion, the 
homeostatic mechanisms in the metabolic 



Papua New Guinea Medical Journal                                                                               Volume 58, No 1-4, Mar-Dec 2015

17

Figure 2.  Box-plots of serum Zn concentrations (µg/dl) for the pregnant women in the first, second and third trimesters 
of pregnancy.

system can fairly well maintain serum Zn 
concentration within a normal range (1,26). 

Suboptimal Zn status in non-pregnant 
women can be one of the major causes of 
Zn deficiency during pregnancy (1,19,26).  
Among the pregnant women in the present 
study, the prevalence of Zn deficiency was 
42%.  This was lower than the 55.5% in 
the urban slums of Delhi (35) and the 53% 
and 76% reported for pregnant women 
in Southern Ethiopia (9,13,36).  In some 
developing countries (18,19,27,35,37), the 
cut-off point of 66.0 µg/dl was used to indicate 
Zn deficiency among pregnant women.  Using 
the same cut-off point, the prevalence among 
the pregnant women in the present study was 
56%.  This was  higher than the 7 to 14% 
reported for pregnant women in Uruguay 
and Argentina (18), the 41% in India, the 
54% in Sindh Province Pakistan (19) and the 
50% in Pakistan (35,37), but lower than the 
over 64% prevalence reported for pregnant 
women in the rural areas in Haryana India and 
Bangladesh (19). 

According to the IZiNCG, since blood volume 
expansion is not consistent across the three 
trimesters of pregnancy, changes in serum 
Zn concentrations are highly variable (1,22).  
Failure therefore to use trimester-specific cut-
off points to indicate serum Zn deficiency may 
lead to erroneous interpretation of the data 

obtained for pregnant women. 

In the present study, the prevalence of Zn 
deficiency of 31% among pregnant women in 
the first trimester, 39% in the second trimester 
and 36% in the third trimester was lower than 
the respective prevalence (46.8%, 48.5% 
and 58.0%) reported for their counterparts in 
Southern Ethiopia (13).  The 36% prevalence 
of Zn deficiency among the third trimester 
pregnant women in our study was lower than 
the over 70% reported for third trimester 
pregnant women in the rural areas of Ethiopia 
(9,36,37), but higher than the 22% reported 
for India (35).   

Our results clearly indicate suboptimal Zn 
status among the non-pregnant and pregnant 
women in the NCD.  According to the IZiNCG 
criteria (2,22,26), the extent of Zn deficiency 
should be considered as a public health 
problem among non-pregnant and pregnant 
women in the NCD.  This should be of 
concern, because of the association between 
Zn deficiency and the potential risk to the 
fetus and neonate (1,9,12,20,30).

Suboptimal intake of dietary Zn, leading 
to high prevalence of Zn deficiency in a 
population group, may be due to several 
causes, including inadequate dietary intake 
of absorbable Zn, low bioavailability of Zn 
caused by anti-nutritional factors in ready-to-
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eat foods, poor food choices and improper 
food preparation practices.  It can also be 
caused by inadequate knowledge of dietary 
requirements, poor socioeconomic status, 
recurrent infections, or religious or cultural 
practices (1-4,13). 

In the present study, the data obtained 
from the questionnaires indicated popular 
consumption of  foodstuffs such as tubers, 
root crops, legumes, cereals and leafy 
vegetables, but lacking in micronutrient-rich 
foodstuffs like fish, meat, poultry, eggs, dairy 
products and a variety of fruits.  Some of the 
roots, tubers, nuts and vegetables that are 
regularly consumed by the non-pregnant 
and pregnant women contain anti-nutritional 
factors, such as phytate, oxalate, tannins, 
saponins and dietary fibre, that chelate Zn, 
forming complexes that cannot be absorbed 
in the gastrointestinal tract (1-4,10,29,36-41).  
Thus the low availability of absorbable Zn may 
be one of the major contributing factors for 
the high prevalence of Zn deficiency among 
the non-pregnant and pregnant women in 
this study.  In addition, haemodilution may 
potentiate Zn deficiency in pregnant women 
(1,26).  Similar findings have been reported by 
others in some countries (17,19,27,28,35-37).   

In order to achieve optimal Zn status 
among non-pregnant and pregnant women, 
an increase in the intake of dietary absorbable 
Zn is required.  Some of the recommended 
long- and medium-term strategies include 
supplementation, fortification, dietary 
diversity (food-based strategies) and nutrition 
education (41-44).  These strategies are 
usually complementary and not mutually 
exclusive.  In the short term, women should 
be advised to consume a variety of foodstuffs 
with high absorbable Zn – foodstuffs such 
as fresh fruits, meat, poultry, eggs and dairy 
products – and also to use multivitamins that 
contain appropriate amounts of Zn and other 
micronutrients. 

Our data also indicated a high prevalence 
of infection among the pregnant women, with 
30% having an elevated serum CRP level.  
This implies that effective public health and 
community health policies should be included 
in all food-based sustainable intervention 
strategies, because poor sanitation, 
inadequate disease control measures 
and high prevalence of infection are often 
correlated with Zn deficiency (1,22,26).  Thus 
to effectively reduce the current status of Zn 

deficiency in the NCD, social mobilization, 
intensive education and awareness 
campaigns, including communication with all 
relevant target groups and the relevant policy 
makers, are urgently required.

Conclusions

Our results clearly indicate suboptimal Zn 
status among non-pregnant and pregnant 
women in the NCD.  To achieve optimal Zn 
status among these women, an increase in 
the intake of dietary absorbable Zn is required.  
One of the short-term practical methods 
is to encourage consumption of foodstuffs 
with high bioavailability of zinc.  In addition, 
basic nutrition education and aggressive 
advocacy of appropriate and adequate use 
of micronutrient-dense foodstuffs for optimal 
health should be carried out at the antenatal 
and well-baby clinics in PMGH and at all levels 
in the various communities in NCD.
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