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Background and Objectives: Iron deficiency is prevalent in New Zealand, with low dietary haem intake and 
blood loss previously identified as risk factors. However, the influence of the hormone hepcidin on iron status has 
not been investigated. Methods and Study Design: Females (n=170) aged 18-45 residing in Auckland partici-
pated in a cross-sectional study. Iron status and inflammation were assessed with serum biomarkers including; se-
rum ferritin, haemoglobin, soluble transferrin receptor, hepcidin, C-reactive protein and interleukin-6. Lifestyle 
factors were assessed using a series of validated questionnaires, including an iron food frequency questionnaire. 
Potential determinants of serum ferritin were identified using multiple linear regression analysis. Results: Iron 
insufficiency was confirmed in 55.8% of participants (Serum ferritin <30 µg·L-1). Hepcidin levels were higher in 
those who were iron sufficient (Serum ferritin ≥30 µg·L-1) (6.62 nM vs 1.17 nM, p<0.001). South Asian females 
had higher hepcidin (8.78 nM) levels, compared to New Zealand Europeans (6.28 nM) (p=0.018), a result likely 
due to South Asians presenting with higher interleukin-6 (1.66 vs 0.63 pg·mL-1, p<0.001). Hepcidin (β=0.082, 
p<0.001) and frequency of meat intake (β=0.058, p=0.001) were identified as significant predictors of serum fer-
ritin in New Zealand Europeans, while hepcidin was the only identified predictor in South Asians (β=0.138, 
p<0.001) and those of other ethnicities (β=0.117, p<0.002). Conclusions: This is the first study in New Zealand 
to show that hepcidin levels strongly predict serum ferritin in premenopausal females. Additionally, frequency of 
meat intake appears to be an important determinant of iron status in New Zealand Europeans. 
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INTRODUCTION 
Iron deficiency (ID) is common in children, pregnant 
women and premenopausal females worldwide.1 Previous 
research has suggested high rates of ID (serum ferritin (Sf) 
<12 µg·L-1 and zinc protoporphyrin >60 µmol·mol-1) 
within New Zealand (NZ), with a prevalence of 12.1% 
seen in 31-50 year old females.2 Ethnic cohorts within NZ, 
such as Māori, Pacifica and Asians have been identified 
at a higher risk of developing ID compared to NZ Euro-
peans.2-4 

There are numerous factors known to contribute to ID.5 
The most recent (2008/09) NZ National Nutrition Survey 
indicated that 15.4% of females aged 31-50 years had an 
iron intake below the estimated average requirement of 
8mg·day-1.2 Additionally, vegetarianism has risen 27% 
since 2008/09, with one in ten New Zealanders now fol-
lowing a vegetarian style diet.6,7 This dietary pattern is 
likely to contribute to the increased risk of ID due to non-
haem iron (e.g. from dark leafy greens) being poorly ab-
sorbed as compared to haem iron, which is mainly found 
in red meat and animal products.5,8 Blood loss has also 
been identified as a risk factor for poor iron status.3,9-11 
Within NZ premenopausal females, primary contributors 
to blood loss include blood donation, menstrual losses, 
and nose bleeds, with recent blood donation being the 
strongest risk factor for poor iron status.3,9  

 
 
An area of emerging research in iron regulation and 

metabolism that is yet to be explored in non-athletic NZ 
females, is the role of the hormone hepcidin. Hepcidin is 
a peptide hormone that is known to inhibit the movement 
and utilisation of iron within the body by reducing iron 
export from enterocytes and recycling from macrophag-
es.12 Hepcidin reduces iron export by directly binding to 
iron export channels (ferroportin) on cell surfaces. This 
interaction of hepcidin and ferroportin results in the inter-
nalisation and lysis of the iron export channels and subse-
quently disrupts the flow of iron into the plasma.12 In in-
stances of elevated hepcidin activity, iron is sequestered 
in enterocytes, thereby lowering the amount of dietary 
iron moved through the gut and into the systemic circula-
tion.13-15  

Hepcidin levels in females have been shown to vary be-
tween countries and ethnicities.16 For example, in healthy 
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American and Italian females, the normal range for 
hepcidin was reported at 6.10-102.5 nM while Eastern 
European females had an average hepcidin concentration 
of 1.69 nM.16,17 Furthermore, the expression of hepcidin 
within the ethnically diverse population of NZ females 
has not been investigated, so the extent to which hepcidin 
affects iron utilisation in females of different ethnicities is 
still unknown.  

One of the factors that is associated with increased 
hepcidin concentrations is inflammation.18 In particular, 
the inflammatory marker interleukin-6 (IL-6) is known to 
directly bind to the hepcidin gene (HAMP) to upregulate 
hepcidin transcription.15 Individuals with high levels of 
inflammation may be at increased risk of having a poor 
iron status,19 due to elevations in hepcidin inhibiting ef-
fective iron movement in the body.20 Another prominent 
health condition in NZ associated with an inflammatory 
state is obesity.21 

New Zealand has one of the highest obesity rates in the 
world, with one in three adults classified as obese.22 A 
high BMI (≥30 kg∙m-2) has been associated with elevated 
hepcidin levels, and is thought to be linked to increased 
expression of IL-6, therefore suggesting obesity is a risk 
factor for ID.21,23 However, the relationship between body 
composition and iron status has not been investigated in 
NZ females, so the extent to which obesity contributes to 
NZ’s ID rates is unknown.  

The high incident rates of ID within NZ pre-
menopausal females of various ethnicities highlights the 
need for further investigation on additional risk factors 
that contribute to ID as well as the influence of hepcidin 
expression on iron metabolism. Therefore, this study in-
vestigated the current iron and hepcidin status of pre-
menopausal females in the Auckland region. The aim of 
this study was to determine the relationship between iron 
status, hepcidin and potential determinants (inflammation, 
dietary intake and body composition) that would increase 
the risk of ID in females. 
 
METHODS 
This study was a cross-sectional study conducted in pre-
menopausal females residing in Auckland, NZ. Data col-
lection commenced in July 2018 and concluded in July 
2019.   

 
Participants and recruitment  
Participants were recruited through Massey University 
(Albany campus, NZ), social media and community 
groups. Initial recruitment targeted South Asian commu-
nity groups as they have previously been shown to have 
high rates of ID.24 Prior to each testing session partici-
pants were screened to ensure they met the inclusion cri-
teria. Premenopausal females 18-45 years of age and cur-
rently residing in Auckland NZ were eligible to take part. 
Participants were excluded from the study if they had 
consumed iron supplements (>20 mg elemental iron) 
three or more times per week in the last three months, or 
if they had given blood or received a blood transfusion in 
the past six months. Females who were currently breast-
feeding or pregnant (including pregnancy in the last year) 
and those who had chronic diseases that are known to 
affect iron status such as inflammatory bowel disease, 

chronic kidney disease or coeliac disease were also ex-
cluded.  

The sample size was calculated from the following 
formula: n = [Z2 p(1-p)]/d2]. Based on an estimated 
prevalence of ID of 12.1% in the population of interest,2 a 
5% precision and 95% level of confidence giving a corre-
sponding z-score of 1.69, a sample of 162 participants 
was determined to be adequate. 

Ethics approval was obtained from Massey University 
Human Ethics Committee: Southern A (18/12) and all 
participants provided written informed consent prior to 
participating.25,26  

Data collection was completed at Massey University’s 
Auckland campus or researcher approved community 
centres. During a single data collection session, partici-
pants underwent a body composition analysis, venous 
blood collection, and completed a series of online ques-
tionnaires. 
 
Body composition measurements  
Height was measured to the nearest centimetre using a 
stadiometer. Body composition was determined using 
bioelectrical impedance analysis (InBody 230). The data 
of interest included total body weight and body fat per-
centage. Body mass index was calculated using the partic-
ipant’s weight (in kilograms) divided by height (in meters) 
squared.  

 
Blood sample analysis  
A single finger prick blood sample was collected to 
measure haemoglobin using the HemoCue® Hb 201+ 
System. A venous blood sample was collected by a 
trained phlebotomist from the antecubital vein with the 
participant in a seated and rested position. The blood 
samples were collected using a sterile 21–gauge flashback 
needle into two 5-mL SST gel separator tubes and one 3-
ml EDTA tube. The SST tubes were allowed to clot for 
30-60 minutes at room temperature before being centri-
fuged at 10°C, 1000rcf for 10 minutes. The serum super-
natant was removed and divided into 1-ml aliquots and 
stored at -80°C until analysis. Once all blood samples 
were collected, serum was sent to Auckland LabPlus and 
Canterbury Health laboratory for markers of iron status 
analysis and inflammation (C-Reactive Protein (CRP), Sf 
and soluble transferrin receptor (STfR). Serum interleu-
kin-6 (RD Systems Human IL-6 Immunoassay high sensi-
tivity ELISA, D6050) and hepcidin (RD System Human 
Hepcidin Immunoassay ELISA, HDP250) were analysed 
via commercially available ELISA kits at Massey Univer-
sity.27,28  

 
Health, demographic and food frequency questionnaires  
Questionnaires were conducted online using the software 
Qualtrics. The questionnaire was an amalgamation of 
previously validated questionnaires that collected self-
reported information on the participant’s demographics 
(e.g. age, ethnicity) and medical history (e.g. medication, 
contraceptive choice, previous chronic disease and/or ID). 
Dietary intake (at the food group level) and menstrual 
blood loss were determined using previously validated 
iron food frequency and menstrual blood loss question-
naires.29,30 Within the food frequency questionnaire, meat 



640                           K Lim, KL Beck, PR Von Hurst, KJ Rutherfurd-Markwick and CE Badenhorst 

intake included all poultry, red meat (e.g. beef, lamb, ven-
ison), pork, game meats, processed meats, and seafood. 

 
Data handling and statistical analysis 
Statistical analysis was carried out using IBM SPSS Sta-
tistics 25 for Windows (IBM Corporation, Armonk, NY, 
USA). Data was tested for normality using Kolmogorov-
Smirnov and Sharpiro-Wilk tests, with p>0.05 for either 
test treated as normally distributed. Data that did not meet 
the criteria for normality was log transformed and retest-
ed. Log transformed data that met the criteria for normal 
distribution is presented as it’s geometric mean and 95% 
confidence interval. Normally distributed data is present-
ed as mean ± standard deviation, while non-normal data 
is presented as median (25% and 75% percentiles). Cate-
gorical data is reported as number of participants and per-
centages for each group.  

Comparison between participants for parametric con-
tinuous data was conducted through independent t-tests 
and one-way ANOVA. Non-parametric data was com-
pared using Mann-Whitney U and Kruskal Wallis tests. 
Pearson’s Chi-squared test was used to compare categori-
cal variables. For chi-squared test, the expected count for 
each cell was ≥5, and all groups were independent. For all 
tests, a p-value of ≤0.05 was considered as statistically 
significant. For significant differences between groups 
determined using one-way ANOVA; Tukey’s HSD post 
hoc test was used to identify where the difference oc-
curred. For significant differences between groups identi-
fied by Kruskal Wallis’ test; the Mann-Whitney U test 
was used to identify where the difference occurred. 

Multiple linear regression analysis was used to identify 
the relationship between Sf and potential risk factors for 
ID. Frequency of food group consumption (alcohol, tea & 
coffee, dairy, meat, iron fortified foods, cereals, fruit & 
vegetable) intake per week were entered as continuous 
variables. Age, body fat percentage and length of period 
were also entered as continuous variables. Having chil-
dren, contraceptive method, previous ID and previous 
blood donation were entered as categorical variables.  

As Sf was the dependent variable, and was not initially 
normally distributed, a natural log transformation was 
used to meet the assumption for multiple linear regression 
analysis. There was no multicollinearity between inde-
pendent variables as tested by variance inflation factor, 
with <10, and a tolerance >0.2 indicating no multicolline-
arity. Additionally, Pearson’s correlation co-efficient was 
used to check for correlations between independent varia-
bles, with values of ≤0.80 treated as lack of correlation. 
All residuals were independent as tested by the Durbin-
Watson test, with a test statistic of 1-3 indicating no cor-
relation between residuals. The residual scatterplot was 
reviewed for homoscedasticity, and confirmed by a lack 
of pattern in the distribution in the residual scatterplot. 
 
RESULTS 
Participant characteristics 
Of the 170 females recruited, five were excluded as no 
blood samples were able to be collected, therefore, 165 
females were included in the final analysis. Of those in-
cluded in the analysis, 73 (44.2%) had sufficient iron 

stores (Sf ≥30 µg·L-1 and Hb ≥120 g·L-1) and 92 (55.8%) 
had insufficient iron stores (Sf <30 µg·L-1; Hb <120 g·L-
1 or ≥120 g·L-1), of which 14 (8.5%) had iron deficiency 
anaemia (Sf ≤12 µg·L-1; Hb <120 g·L-1). Previous re-
search within NZ has used a cut-off of Sf of <20 µg·L-1 
to define iron insufficiency. For comparison, using a cut 
off for Sf <20 µg·L-1, 93 (56.4%) participants were iron 
sufficient and 71 (43.0%) were iron insufficient. Forty-
nine (29.7%) participants had a CRP ≥5 mg∙L-1, and a 
correction factor was used to adjust their Sf values.31 

Table 1 summarises the characteristics of the partici-
pants. The largest ethnic group was South Asians (n=70; 
42.4%), followed by NZ Europeans (n=62; 37.6%). Those 
of other ethnicities were the smallest group (n=33; 20.0%) 
and included other Asian, Maori, Pacifica and Middle 
Eastern ethnicities. The median age of participants was 27 
(22, 36) and 26 (21, 32) years for iron sufficient and in-
sufficient respectively. In terms of frequency per week, 
consumption of different food groups did not differ sig-
nificantly between those that were iron sufficient and 
those that were insufficient, with the exception of meat 
intake. Frequency of meat intake was significantly higher 
(p=0.006) in those with sufficient iron stores (9.21 times 
per week) than those with insufficient iron stores (6.29 
times per week). Other demographic and health character-
istics did not differ significantly between participants 
with sufficient and insufficient iron scores.   

Table 2 shows that participants with insufficient iron 
stores had significantly lower Hb (128 g·L-1 vs 133g·L-1) 
(p=0.011), Sf (15.8 µg·L-1 vs 60.8 µg·L-1) (p<0.001), 
and hepcidin (1.71 nM vs 6.62 nM) (p<0.001) than those 
with sufficient iron stores. Participants with insufficient 
iron stores had a higher STfR (3.34 mg·L-1 vs 2.55 
mg·L-1) (p<0.001) and sTfR/log ferritin ratio (2.72 vs 
1.50) (p<0.001). There was no difference in inflammatory 
markers, interleukin-6 and C-reactive protein, between 
participants with insufficient and sufficient iron stores.  

Table 3 summarises the biomarkers, body composition 
and meat intake between ethnic cohorts. Haemoglobin 
differed significantly between ethnicities for those partic-
ipants who had sufficient (p=0.025) and insufficient iron 
stores (p<0.001). South Asians with sufficient iron levels 
had significantly lower Hb levels (129 g·L-1) than NZ 
Europeans with sufficient iron levels (137 g·L-1) 
(p=0.019). Similarly, South Asians with insufficient iron 
levels had significantly lower Hb (122 g·L-1) than NZ 
Europeans (136 g·L-1) (p<0.001) and those of other eth-
nicities (132 g·L-1) (p=0.014) with insufficient iron lev-
els.  

Soluble transferrin receptor differed significantly be-
tween ethnicities, however, only in individuals classified 
as iron insufficient (p=0.017). South Asians with insuffi-
cient iron levels had a significantly higher STfR (3.63 
mg·L-1) than those of other ethnicities with insufficient 
iron levels (2.77mg·L-1) (p=0.045).  

Hepcidin only differed significantly between ethnicities 
for those participants who were iron sufficient (p=0.026). 
South Asians with sufficient iron levels had a higher se-
rum hepcidin (8.78 nM) than both NZ Europeans (6.28 
nM) (p=0.025) and other ethnicities who were iron suffi-
cient (4.89 nM) (p=0.018).  
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Serum ferritin, sTfR/log ferritin ratio and C-reactive 
protein did not differ significantly between ethnicities, 
regardless of iron status.   

Interlukein-6 differed significantly (p<0.001), with 
South Asians presenting with higher serum IL-6 (1.66 
pg·ml-1) than NZ Europeans (0.63 pg·ml-1) (p<0.001) as 
well other ethnicities (0.80 pg·ml-1) (p<0.001).  

There were significant differences in both BMI 
(p=0.001) and body fat percentage (p0.001) between 
ethnic groups. South Asians (26.3 kg∙m-2) had a signifi-
cantly higher BMI than NZ Europeans (23.2 kg∙m-2) 
(p=0.001). South Asians (39.1%) also had a significantly 

higher body fat percentage than NZ Europeans (27.4%) 
(p0.001) and those of other ethnicities (30.7%) 
(p0.001).  

Meat intake differed between ethnicities (p<0.001). 
Frequency of meat intake was significantly lower 
(p<0.001) in South Asians (3.5 times per week) when 
compared to other ethnicities (11.25 times per week) and 
NZ Europeans (8.33 times per week) (p=0.001). This 
difference in meat intake may be explained by significant 
differences in eating pattern between ethnicities 
(p<0.001). South Asians had 5.28 higher odds of being 
vegetarian than NZ Europeans, and 4.86 times higher 

Table 1. Demographics and dietary intake of iron sufficient and insufficient participants 
 

Characteristic Iron sufficient† 
n=73 (44.2%) 

Iron insufficient‡ 

n=92 (55.8%) p-value 

Age (years) § 27.0 (22.0, 36.0) 26.0 (21.0, 32.0) 0.273 
BMI (kg·m2)¶ 24.4 (23.3, 25.6) 24.2 (23.3, 25.2) 0.753 
Body fat percentage†† 32.3 (9.79) 32.9 (9.78) 0.720 
Period length (days) § 5.00 (4.00, 6.00) 5.00 (4.00, 6.00) 0.511 
Ethnicity‡‡    
 South Asian 25 (34.2) 45 (48.9) 

0.141  NZ European 30 (41.1) 32 (34.8) 
 Other 18 (24.7) 15 (16.3) 
Having children‡‡ 23 (31.9) 25 (27.5) 0.534 
Contraceptive choice‡‡    
 Oral 14 (19.4) 14 (15.4) 

0.477  Other 13 (18.1) 12 (13.2) 
 None 45 (62.5) 65 (71.4) 
Previous Iron Deficiency‡‡ 35 (49.3) 39 (43.8) 0.490 
Previous Blood Donation (ever)‡‡ 5 (7.0) 9 (10.0) 0.508 
Self-reported dietary patterns‡‡    
 Normal 56 (77.8) 57 (62.6) 

0.113  Vegetarian/Vegan 8 (11.1) 16 (17.6) 
 Other 8 (11.1) 18 (19.8) 
Alcohol (p/w) § 0.71 (0.00, 2.17) 0.42 (0.0, 1.67) 0.458 
Dairy (p/w) § 18.4 (10.1, 28.4) 19.4 (9.3, 28.0) 0.860 
Tea and coffee (p/w) § 9.25 (1.75, 18.29) 6.00 (1.08, 15,0) 0.152 
Meat (p/w) § 9.21 (5.50, 13.96) 6.29 (2.25, 9.83) 0.006 
Iron fortified cereals (p/w) § 1.67 (0.33, 4.33) 1.33 (0.50, 5.67) 0.739 
Fruits and vegetables (p/w) § 52.4 (33.7, 64.9) 53.2 (37.3, 73.8) 0.504 
Cereals and Grains (p/w) § 8.17 (3.58, 13.0) 8.54 (3.75, 13,.8) 0.882 
 

p/w: number of times consumed per week.  

†Serum ferritin 30 µg·L-1 and Hb 120 g·L-1 
‡Serum ferritin <30 µg·L-1 (Hb <120 g·L-1 or 120 g·L-1) 
§Median and 25th, 75th centiles 

¶Geometric mean and 95% confidence interval 
††Mean±standard deviation 

‡‡Number and % of participants 
 
 
Table 2. Biochemical markers of iron status and metabolism in iron sufficient and insufficient participants 
 

Biomarker Iron sufficient† 
n=73 (44.2%) 

Iron insufficient‡ 
n=92 (55.8%) p-value 

Haemoglobin (g·L-1) § 133 (12.0) 128 (13.0) 0.011 
Serum ferritin (µg·L-1) ¶ 60.8 (38.00, 71.00) 15.8 (9.00, 23.0) <0.001 
Soluble transferrin receptor (mg·L-1) †† 2.55 (2.14, 2.69) 3.34 (3.14, 3.55) <0.001 
sTfR/log ferritin ratio¶ 1.50 (1.30, 1.80) 2.72 (2.10, 3.80) <0.001 
C-Reactive protein¶ 0.00 (0.00, 0.00) 0.00 (0.00, 3.00) 0.075 
Interlukein-6 (pg·mL-1) ¶ 0.95 (0.54, 1.49) 1.15 (0.62, 1.87) 0.125 
Hepcidin (nM) ¶ 6.62 (4.21, 11.02) 1.71 (0.59, 3.47) <0.001 
 

†Serum ferritin 30 µg·L-1 and Hb 120 g·L-1 
‡Serum ferritin <30 µg·L-1 (Hb <120 g·L-1 or 120 g·L-1) 
§Mean±standard deviation 
¶Median and 25th, 75th centiles 
††Geometric mean and 95% confidence interval 
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Table 3. Comparison of iron status and factors that increase the risk of iron deficiency between different ethnicities 
 

Characteristic 
New Zealand European 

n=62 (37.6%) 
 South Asian 

n=70 (42.4%) 
 Other 

n=33 (20.0%) 
 p-value 

Sufficient† Insufficient‡  Sufficient† Insufficient‡  Sufficient† Insufficient‡  Sufficient† Insufficient‡ 
Iron sufficient/insufficient§ 30  

(48.4) 
32 

(51.6) 
25 

(35.7) 
45 

(64.3) 
18 

(54.5) 
15 

(45.5) 
0.141 

Haemoglobin (g·L-1)¶ 137 
(11.0) 

136 
(10.0) 

129 
(12.0) 

122 
(12.0) 

134 
(9.00) 

132 
(10.0) 

0.025 <0.001 

Serum ferritin (µg·L-1)†† 44.8 
(39.0, 58.0) 

16.1 
(10.0, 22.1) 

48.0 
(32.6, 79.0) 

14.0 
(7.21, 22.5) 

62.0 
(43.7, 103) 

15.0 
(9.00, 24.0) 

0.259 0.749 

Soluble transferrin receptor (mg·L-1) 
 

2.64 
(2.41, 2.89) 

3.13 
(2.89, 3.39) 

2.48 
(2.27, 2.69) 

3.63 
(3.29, 4.01) 

2.51 
(2.18, 2.89) 

2.97 
(2.55, 3.42) 

0.573 0.017 

sTfR/log ferritin ratio†† 1.60 
(1.30, 1.90) 

2.55 
(2.05, 3.40) 

1.43 
(1.30, 1.70) 

3.04 
(2.20, 4.77) 

1.40 
(1.20, 1.70) 

2.60 
(1.80, 3.70) 

0.278 0.103 

Hepcidin (nM)†† 6.28 
(3.78, 9.88) 

1.08 
(0.54, 3.56) 

8.87 
(6.22, 15.1) 

1.73 
(0.48, 3.50) 

4.89 
(3.74, 8.47) 

1.77 
(1.16, 2.23) 

0.026 0.944 

C-reactive protein (mg·L-1)†† 0.00 (0.00, 3.00) 0.00 (0.00, 4.00) 0.00 (0.00, 0.00) 0.099 
Interlukein-6 (pg·mL-1)†† 0.63 (0.45, 1.01) 1.66 (1.26, 2.44) 0.80 (0.57, 1.12) <0.001 
BMI (kg·m2)‡‡ 22.9 (22.1, 23.7) 25.7 (24.7, 27.0) 23.8 (22.0, 25.8) 0.001 
Body fat percentage¶ 27.4 (7.58) 39.1 (11.1) 30.7 (9.30) <0.001 
Self-reported dietary patterns ‡‡    
 Normal 54 (83.1) 36 (49.3) 31 (25.6) 

<0.001  Vegetarian/Vegan 5 (7.7) 17 (23.3) 3 (8.6) 
 Other 6 (9.2) 20 (27.4) 1 (2.9) 
Meat (p/w)†† 8.33 (5.75, 11.3) 3.50 (0.0, 8.67) 11.25 (7.08, 16.4) < 0.001 
 

BMI: body mass index; p/w: Number of times consumed per week. 
†Serum ferritin 30 µg·L-1 and Hb 120 g·L-1. 
‡Serum ferritin <30 µg·L-1 (Hb <120 g·L-1 or 120 g·L-1). 
§Number and % of participants. 
¶Mean ± standard deviation. 
††Median and 25th, 75th centiles. 
‡‡Geometric mean and 95% confidence interval. 
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odds than other ethnicities. Other ethnicities had 1.08 
times higher odds of being vegetarian than NZ Europeans. 
Frequency of intake of other food groups did not differ 
significantly between ethnicities. 

 
Overall predictors of serum ferritin 
There was multicollinearity between ethnicity and meat 
intake, therefore, multiple linear regression analysis was 
used to identify significant predictors of Sf within each 
ethnic group. Predictor variables were selected by first 
testing each individual variable, and those with a p<0.200 
were then entered into the final model using the enter 
method. The following variables did not meet the screen-
ing criterion, so were not entered into the multiple regres-
sion analysis: body fat percentage, period length, having 
children, contraceptive method, previous ID, blood dona-
tion, alcohol intake, dairy intake, tea & coffee intake, 
iron-fortified food intake, fruits & vegetable intake, 
grains & cereal intake and serum IL-6. Predictors that 
were entered into the model included frequency of meat 
intake as well as serum hepcidin levels. 

The model suggested that hepcidin and frequency of 
meat intake accounted for 42.0% of the variation in Sf in 
NZ Europeans. The model indicated that hepcidin status 
was a stronger predictor of Sf levels than frequency of 
meat intake. This model demonstrated when frequency of 
meat intake increased by one time per week, the log of Sf 
increased by 0.058 (1.06 µg·L-1).  

Meat intake was not a significant predictor of Sf in ei-
ther South Asians, or those of other ethnicities. The mod-
el indicated that hepcidin accounted for 56.2% of the var-
iation in Sf for South Asian participants, and for those of 
other ethnicities, hepcidin accounted for 27.0% of the 
variation in Sf. Hepcidin was positively associated with 
Sf in all ethnic groups. 
 
DISCUSSION 
To the best of our knowledge, we are the first to analyse 
iron and hepcidin status in non-athletic NZ females, in a 
cohort with a high representation of South Asian partici-
pants, an ethnic group that have been shown to have a 
high incidence of ID (Figure 1).24 

 
 
 

Prevalence of iron deficiency in Auckland premenopau-
sal females 
The overall prevalence of ID in our cohort was high 
(55.8%) compared to previous research in NZ pre-
menopausal females.3,9 A previous study undertaken in 
18-44 year old females in Auckland found 18.7% of par-
ticipants had suboptimal iron stores (Sf <20 µg·L-1).3 
Similarly, a study in 18-40 year old premenopausal fe-
males in Dunedin, indicated that 23% had mild ID (Sf 
<20 µg·L-1).9 The NZ National Nutrition Survey indicated 
the highest prevalence of ID (Sf <12 µg·L-1) was found in 
women aged 31-50 years at 12.1%.2 Although we used a 
higher cut off for ID (Sf <30 µg·L-1) than previous studies, 
when we used a similar cut off to previous research in NZ, 
of Sf <20 µg·L-1, the rates of ID (43.0%) of the current 
study were still comparatively high. 

One possible explanation for the high rates of ID in our 
study was the high rates of vegetarianism amongst partic-
ipants. Our study had 30.3% of all participants excluding 
certain types of meat (e.g. being pescatarian), and 14.5% 
of all participants were either vegetarian or vegan. A sim-
ilar study in Dunedin premenopausal females also found 
that 22% of participants avoided red meat.9 Our results 
were higher than rates from the National Nutrition Survey, 
which showed 7.7% of 19-30 year old and 6.4% of 31-50 
year old females had not consumed red meat within the 
past four months.2 The increase in vegetarianism appears 
to be a generational trend, with the most likely age groups 
to be vegetarian in NZ being those aged 25-34 (13.8%) 
closely followed by 14-24 year olds (13.3%). The mean 
age groups of iron sufficient and insufficient of this study 
were 27 and 26 years respectively, therefore it is likely 
that our cohort are representative of this generational 
change to a vegetarian based dietary pattern within New 
Zealand .6  

Another potential explanation for the high rates of ID 
was our high representation of South Asian participants 
(42.4%). Our study had 37.5% NZ Europeans as com-
pared to 95% and 70% in previous research done in NZ 
females.3,9 The most recent NZ National Nutrition Survey 
indicated that South Asians were more likely than any 
other ethnic group to have low iron stores (Sf ≥12 µg·L-

1).24 Furthermore in Auckland, Asian premenopausal fe-
males, (the majority of whom were either of Chinese 
(41.8%) or Indian (29.1%) ethnicity), had  five times 

 
Table 4. Multiple linear regression analysis to identify predictors of iron deficiency stratified by ethnicity 
 
 β 95% CI for β Standardised β p-value 
New Zealand European     
 Hepcidin (nM) 0.082 0.044, 0.121 0.454 <0.001 
 Meat Intake 0.058 0.026, 0.091 0.382 0.001 

F (2, 56)=19.5 p0.001 R2=0.420  R2 (adj)=0.398 
South Asian     
 Hepcidin (nM) 0.138 0.107, 0.168 0.750 <0.001 

F (1, 66)=83.5 p0.001 R2=0.562  R2 (adj)=0.555 
Other ethnicities     
 Hepcidin (nM) 0.117 0.045, 0.189 0.519 0.002 

F (1, 31)=11.1 p=0.002 R2=0.270  R2 (adj)=0.245 
 

Frequency of food group consumption (alcohol, tea & coffee, dairy, meat, iron fortified foods, cereals, fruit & vegetable) intake per week 
were entered as continuous variables. Age, body fat percentage and length of period were also entered as continuous variables. Having 
children, contraceptive method, previous ID and previous blood donation were entered as categorical variables. 
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higher odds of having ID than NZ Europeans, a result that 
would appear to be reflected in our study.3  

 
Ethnic differences in iron status 
For the analysis of iron status between and within ethnic 
groups, results were separated into iron suffi-
cient/insufficient. This was deemed appropriate as hep-
cidin activity is reduced and frequently observed to be 
‘non-respondent’ iron insufficient individuals, this is ow-
ing to the homeostatic control that iron stores (Sf) has on 
hepcidin activity.32 Due to the high rates of iron insuffi-
ciency within the current cohort an overall average of Sf 
and hepcidin within each ethnic group would confound 
meaningful results in determining the factors that affect 
iron status in females in New Zealand.  

Although not statistically significant, our study showed 
that South Asians had 1.68 higher odds of having ID than 
NZ Europeans and 2.16 higher odds of having ID than 
those of other ethnicities. This could potentially be ex-
plained by ethnic differences in body composition and 
inflammation leading to variations in hepcidin levels.  

South Asians had a significantly higher BMI (26.3 
kg∙m-2) than NZ Europeans (23.2 kg∙m-2). Although the 
difference in BMI was relatively small (3.1 kg∙m-2), there 
was a large difference in body fat percentage between the 
two ethnicities (39.1% vs 27.4% for South Asians and NZ 
Europeans respectively). Similarly, South Asians also had 
a significantly higher body fat percentage than those of 
other ethnicities (30.7%).  

Differences in body composition between ethnicities 
has also been demonstrated in previous research.33–35 For 
the same BMI, age and gender, Asians have been shown 
to have a higher body fat percentage than Caucasians, 
with South Asians having the highest body fat percentage 
among Asian cohorts.35 It is estimated that Indian women 
in NZ have around a 8% higher body fat percentage than 
Caucasians.36 Some suggested explanations for these dis-
crepancies in body composition include a combination of 
environmental factors (such as diet and exercise), genet-
ics and even intrauterine development; as a ‘thin-fat’ 
phenotype has been found to be present from childhood in 
Asian Indian children.33,35 

                                                                                                                                                                                                                          
Figure 1. Conceptual diagram of associations between body composition, dietary intake and the influence of the hormone hepcidin iron 
status in premenopausal females. Females of South Asian ethnicity were identified as a high-risk cohort for the development of iron in-
sufficiency due to a lower intake of meat and elevated hepcidin levels associated with increased body fat % and elevated IL-6. However, 
iron stores were the strongest determinant of hepcidin activity, with iron insufficiency reducing the hepcidin response, thus limiting the 
risk of iron deficiency. A higher intake of meat intake may also aid in the restoration of iron stores. 
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The higher body fat percentage found in both iron suf-
ficient and insufficient South Asians could also be an 
underlying explanation for why South Asians had signifi-
cantly higher serum IL-6 levels (1.66 pg·mL-1) than both 
NZ Europeans (0.63 pg·mL-1) and other ethnicities (0.80 
pg·mL-1) in our study.  

Previous studies in South Asian females have also 
shown significantly higher IL-6 (1.94 mg∙L-1) than Euro-
peans (1.51 mg∙L-1).37 It is estimated that 15-35% of IL-6 
found in the blood originates from adipose tissue, and 
higher levels of IL-6 have previously been observed in 
individuals with obesity.38 This research indicates that 
increased body fat may be a contributor to consistently 
elevated hepcidin, and therefore an increased risk of ID in 
this population.  

A positive correlation between BMI and serum hep-
cidin has been demonstrated in Dutch females.39 Con-
versely, a decrease in serum hepcidin concentration has 
been observed in bariatric surgery patients in response to 
weight loss.40 Therefore, the higher IL-6 concentrations 
could explain why South Asians had a higher serum hep-
cidin (8.78 nM) than both NZ Europeans (6.28 nM) and 
those of other ethnicities (4.89 nM). The significantly 
higher hepcidin, IL-6 and body fat levels in South Asians 
that were iron sufficient would indicate that this cohort is 
at an increased risk of developing ID. Our results would 
suggest that South Asian females body composition may 
be favouring an inflammatory state and facilitating signif-
icantly higher hepcidin activity, that would be preventing 
optimal iron absorption in the gut and recycling of iron 
from macrophage activity and overtime would be con-
tributing to the higher levels of ID seen in this cohort.  

As previously stated, iron status has been identified as 
the strongest predictor of hepcidin expression.32 Our re-
sults support this as individuals that presented with low Sf 
had a diminished hepcidin response, demonstrating the 
negative feedback mechanism that iron stores have on 
hepcidin expression to enable effective iron absorption 
and utilisation within the body when an individual is ID. 
Therefore in our results the lack of significant difference 
in hepcidin concentrations for those participants that were 
iron insufficient is understandable.13  

Research in 18 to 25-year-old overweight Australian 
females (BMI ≥27.5 kg∙m-2) has suggested that although 
increasing obesity was associated with minor disturb-
ances in iron metabolism (lower serum iron, lower trans-
ferrin saturation, higher Sf and higher CRP), the effect of 
inflammation and hepcidin alone was not enough to in-
duce significant changes to iron status.23 Therefore, other 
factors that are likely to influence iron status need to be 
considered. In our study, South Asians had 5.28 higher 
odds of being vegetarian than NZ Europeans, and 4.86 
higher odds than those of other ethnicities.24 As a result, 
South Asian participants consumed meat less frequently 
(3.5 times per week) than NZ Europeans (8.33 times per 
week) and those of other ethnicities (11.25 times per 
week).24 This aligns with findings from the most recent 
National Nutrition Survey, with South Asian females be-
ing the most likely ethnic group to have never eaten 
chicken, red meat and processed meat.24  

A low dietary haem intake has consistently been identi-
fied as a risk factor for ID, likely due to haem iron being 

more easily absorbed than non-haem iron.9,24,41,42 In Dun-
edin pre-menopausal females, consuming 
meat/fish/poultry intake >79 g per day was found to be 
protective against mild ID (Sf <20 µg·L-1).9 While a study 
in Auckland premenopausal females with children found 
that those following a ‘meat and vegetable’ dietary pat-
tern had 0.21 reduced odds of having ID (Sf <20 µg·L-1).3 

The amalgamation of risk factors for ID found in South 
Asian participants (increased body fat, increased inflam-
mation, increased hepcidin levels) highlight this ethnic 
group as potentially having an increased risk of being 
unable to absorb and utilise iron over time. This physio-
logical state that would appear to be unsupportive of iron 
absorption and utilisation in combination a low dietary 
haem intake would suggest that South Asian females are 
at a higher risk of developing ID as compared to other 
ethnicities within New Zealand.     

 
Overall predictors of iron deficiency  
Using multiple linear regression analysis, our final model 
showed that hepcidin and frequency of meat intake were 
the only significant predictors of Sf in our study popula-
tion. Meat intake was only correlated with Sf in NZ Eu-
ropean participants, whereas hepcidin was a predictor of 
Sf in all ethnicities.  

A positive correlation between Sf and serum hepcidin 
was also found in Dutch males and females, with a 1% 
increase in Sf associated with a 0.81-0.85% increase in 
serum hepcidin.39 A study in Australian premenopausal 
females demonstrated that a 10% increase in red and 
white meat intake corresponded with a 0.9% increase in 
Sf, however, they too found hepcidin levels were a 
stronger predictor of iron stores,43 thus reinforcing the 
findings from this study. 

The high levels of hepcidin in iron sufficient South 
Asians could also explain why this ethnic group had a 
higher rate of ID, although not significant. Hepcidin's 
effect on regulating dietary haem absorption is still an 
emerging area of research, however, in rats injected with 
hepcidin, significantly reduced mucosal iron uptake was 
observed.44 Therefore, supporting our previous statement 
that South Asian participants may have altered iron ab-
sorption due to elevated hepcidin levels and in combina-
tion with a low meat intake may have an increased risk of 
developing ID. 

 
Conclusion 
Our cohort had a high rate of ID compared to previous 
research undertaken in NZ premenopausal females. This 
is likely explained by a high representation of South 
Asian participants as well as the high rates of vegetarian-
ism in our cohort, a rising trend amongst young females.  

South Asians were more likely to have a higher BMI, 
body fat percentage and IL-6 as compared to NZ Europe-
ans and those of other ethnicities. These factors could be 
possible explanations for iron sufficient South Asian fe-
males having a higher serum hepcidin concentration than 
NZ Europeans and those of other ethnicities. These re-
sults would suggest that South Asians are an at-risk group 
for ID development. 

Hepcidin and frequency of meat intake were significant 
predictors of ID in NZ Europeans, with hepcidin being 
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the stronger predictor. Health professionals should con-
tinue to be vigilant around the rise in meat restriction as a 
risk factor for ID, particularly in premenopausal females, 
as this group is among the most likely to restrict their 
meat intake. Those of South Asian ethnicities should also 
be highlighted as an at-risk group, and iron status of these 
individuals should be monitored regularly. The strong 
correlation of hepcidin with Sf aligns with previous re-
search and continues to highlight hepcidin as an emerging 
biomarker for identifying ID. 
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