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A R T I C L E  I N F O A B S T R A C T

Background 

Zinc is an essential trace element that has an enor-
mous role in regulation of physiological processes 
whose deviant value leads to malfunction in the body. 
So, establishing a country specific reference value is 
needed to serve as a standard for the interpretation 
of laboratory results during clinical decision making.

Objective 

The objective of this study was to determine the ref-
erence value of serum zinc level of adult population 
in Bangladesh.

Materials and methods

The overnight fasting blood was collected from 154 
apparently healthy individuals aged 18 to 65 years, 
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from a rural community after considering sev-
eral criteria. Graphite furnace atomic absorp-
tion spectrophotometry (GF-AAS) method was 
used for serum zinc analysis. The 2.5th and 97.5th 

percentiles of zinc level were calculated for the 
reference value according to the recommenda-
tions of the International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC).

Results

The estimated reference range of serum zinc lev-
el in sample population was 60-120 µg/dL, where 
the range was 59-125 µg/dL for male and 50–103 
µg/dL for female. Significant differences of serum 
zinc level between male and female (p<0.001) 
was observed. However, there was no significant 
correlation between age of the respondents and 
serum zinc level (r=0.110, p>0.05).

Conclusion

The estimated reference range for serum zinc 
level in adult population of Bangladesh can serve 
as a useful indicator for clinical decision making.



INTRODUCTION

Zinc, an inorganic micronutrient, has significant 
effects on the metabolism of proteins, lipids 
and carbohydrates through enzymatic activity. 
Moreover, it has effects on growth regulation, 
sexual maturation and function, taste acuity, 
psychogenetic function, maintaining epithelial 
integrity, wound healing, and immunity (1, 2).

Both deficiency and excessive accumulation of 
zinc might result in multiple dysfunctions in the 
body (3). In this context, a reference value helps 
physicians for screening the serum zinc status 
and making a clinical decision (4). Age, gender, 
ethnicity, geo-chemical factors and altitude of 
the population have influence in fixing the ref-
erence value (4, 5, 6). The reference values used 

in most of the laboratories of the developing 
countries are obtained either from the values of 
scientific literature or manufacturers’ manuals 
(7), which is also applicable for Bangladesh. The 
International Federation for Clinical Chemistry 
and Laboratory Medicine (IFCC), and the Clinical 
and Laboratory Standards Institute (CLSI) rec-
ommended that every laboratory should have 
fixed reference values for bio-analytes (8). Thus, 
the study aimed to determine the reference 
value of serum zinc levels in Bangladeshi adult 
population of a selected rural area.

MATERIALS AND METHODS

Study area 

This study was conducted in Sirajdikhan, a sub-
district of Munshiganj district of Bangladesh, lo-
cated approximately 29 km southeast of the cap-
ital city Dhaka. This agro-based area is about 180 
km2 with the geographical extension of 23°30’ 
and 23°41’ latitude, and 90°14’ and 90°27’ lon-
gitude. The inhabitants of this region have lim-
ited food diversity and mostly rely on rice and 
vegetables with supplemented fish or meat (9).

Study participants and data collection

Around 200 healthy controls from another proj-
ect on tuberculosis were considered as par-
ticipants of this study (Author’s manuscript, 
unpublished). These healthy controls were se-
lected from a community during November to 
December 2012 considering several selection 
criteria. Participants with a known history of 
malabsorption syndrome, nephrotic syndrome, 
tuberculosis, chronic liver disease, diabetes mel-
litus, neoplasm and chronic renal failure were 
excluded. In addition, participants having a his-
tory of blood transfusion within the last three 
months, hospitalized in the past month, partici-
pants on zinc medication, pregnant and lactat-
ing women, and women taking oral contracep-
tive pill were also excluded. A semi-structured 
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questionnaire was administered to collect data 
which included age, sex, socioeconomic status, 
educational level and food habit of the partici-
pants. Informed written consent was obtained 
from each participant before the interview. After 
overnight fasting, 6 ml blood was collected asep-
tically via anti-cubital venepuncture to estimate 
serum zinc, serum albumin, serum creatinine 
and blood glucose level. Serum creatinine, se-
rum albumin and fasting blood sugar were done 
in order to exclude respondents having chronic 
renal disease, chronic liver disease and diabetes 
mellitus, respectively. Among all the participants, 
seven participants had elevated serum creatinine 
value (>1.4 mg/dL), five had low serum albumin 
(<3.5 gm/dL) and another five had elevated blood 
glucose levels (≥7.0 mmol/L) (10). Chest radiogra-
phy and Mantoux test (MT) were done for the ex-
clusion of tuberculosis. Moreover, 22 participants 
were excluded due to haemolyzed blood samples 
through visual inspection. Finally, data from 161 
participants were considered for analysis. 

Determination of serum zinc level

Prior to sample collection, all plastic wares were 
made free from metallic contamination. The 
screw capped plastic tubes were opened and 
immersed in detergent water for at least half an 
hour, washed thoroughly in running tap water 
and then air-dried. These tubes and caps were 
later immersed sequentially in diluted nitric acid 
(20% v/v) for 24 hours, rinsed thoroughly and 
washed thrice in de-ionized water. Afterwards, 
the tubes and caps were again air-dried and 
capped. Then the screw capped plastic tubes 
were stored in capped plastic container and 
used only once. About 2 ml blood was collected 
and transferred immediately in clean deionized 
screw capped plastic tubes. The samples were 
transported from the study area to the labora-
tory on the same day. A cool ice box with liquid 
nitrogen containing ice pack was used for trans-
porting the tubes.

Serum was obtained from blood after centrifu-
gation at 1300-1350 g force for 5 minutes. The 
serum was kept in clean metal free polypro-
pylene tubes and stored at -200C until analysis. 
It was subjected to a single freeze-thaw cycle 
at the time of analysis. The tests were done at 
the Department of Biochemistry, Bangabandhu 
Sheikh Mujib Medical University (BSMMU) by 
graphite furnace atomic absorption spectrome-
ter (GFAAS) (Shimadzu model 6650; 1996, Japan) 
(11) equipped with deuterium (D2) lamp back-
ground correction system (12). A zinc hollow 
cathode lamp was operated at an 8-mA (milliam-
pere) intensity with a spectral width of 0.5 nm 
and the selected analytical wavelength for zinc 
was 213.9 nm. All samples were diluted (1:50) 
using diluent (matrix modifier- MgNO3 10ml: De-
ionized water 90 ml) and analysed in triplicate. 

The linearity of the calibration curve was in strong 
positive correlation (r=0.9993). The lowest limit 
of detection of serum zinc in the current method 
was 250 ppb (parts per billion) (25.0 µg/dL). The 
inter-assay CVs of serum zinc were within 5% for 
normal range and within 10% for pathological 
range. The level of serum zinc was expressed in 
μg/dL from ppb value. 

Ethical consideration

The study protocol was approved by the In-
sti tutional Review Board of BSMMU, Dhaka, 
Bangladesh (2012/12497) in accordance with 
the Declaration of Helsinki. 

Statistical methods

The normality assumption of serum zinc level 
was done by Shapiro-Wilk test (W value=0.881, 
p<0.000) and found not in Gaussian distribu-
tion. Tukey’s method was then employed to re-
move outliers which reduced the sample size to 
154 from 161 (13). A graphical presentation of 
the data distribution on serum zinc level before 
and after outlier removal is depicted in Figure 1.
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Recommended statistical approach of IFCC–CLSI 
was used to estimate the reference value of se-
rum zinc (8). Reference values of serum zinc level 
for male and female were estimated by Robust 
method due to inadequate sample size (8, 14).

Descriptive analysis was done on respondents’ 
socio-demographic variables. Frequency and 
percentages were estimated as summary mea-
sures for the categorical variables and arithmetic 
mean, standard deviation, median and percen-
tile were used to describe the continuous vari-
ables. The measure of association for the cat-
egorical variables was calculated by chi-square 
test, while Mann-Whitney U test and ANOVA for 
continuous variables. Spearmen correlation was 
used for correlation of the continuous variables.

Principle component analysis was adopted to 
measure the wealth index based on the house-
hold characteristics: type of wall, roof, floor and 
toilet; utilities: cooking fuel, source of light and 
water; ownership of the house; and crowding 
index (15). 

The socio-economic status (SES) was categorized 
as lower, middle and upper based on the wealth 
index (16). Descriptive analysis was done by SPSS 
version 24 (Statistical Package, Chicago, USA), 
and “reference Intervals” of R Programming lan-
guage (R Software version: 3.51) (17) was used 
to determine outlier and reference interval. A 
p value of less than 5 percent was considered 
as significant.

RESULTS

Socio-demographic profile  
and zinc value

Among the 154 healthy participants, ages 18 
to 65 [mean (SD) age 33.2 (11.9) years], 53 per-
cent were male, and 47 percent were female. 
Approximately 50 percent of the respondents 
were normal in weight [BMI mean (SD): 22.2(1.9) 
kg/m2], while 40 percent respondents were 
overweight [BMI mean (SD): 26.9 (1.4) kg/m2]. 
However, no significant weight difference was 
found between male and female respondents.

Figure 1 Normal distribution curve on a) original data of  serum zinc values (µg/dL) 
(n=161) and b) that of  after outlier treatment (n=154)

a) b)
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Around three fourth of the respondents con-
sumed meat 1-3 times, 60 percent consumed 
fish 4-6 times and half of the respondents con-
sumed egg 1-3 times on a regular week, while 
the food consumption behaviour of male and fe-
male was almost identical (p value>0.05). Among 
all respondents, 16.9 percent belonged to lower 
SES, 42.2 percent to middle SES and 40.9 percent 
to upper SES. 

The mean (SD) value of serum zinc level was 85.5 
(16.0) µg/dL. This value showed significant dif-
ference between male [mean (SD): 92.0 (15.3) 
µg/dL] and female [mean (SD): 78.0 (13.8) µg/
dL, p value<0.05]. However, serum zinc level had 
no significant correlations with age (spearman 
correlation, r=0.110; p>0.05) and BMI (r=-0.052; 
p>0.05).

The reference value of serum zinc level among 
the adult participants of this study was 60-120 
µg/dL. The estimated reference intervals of se-
rum zinc level for both genders are summarized 
in Table 1. 

Comparison with published studies

A comparative picture of serum zinc level of dif-
ferent studies conducted in various countries is 
shown in Table 2. 

DISCUSSION

A number of factors needs to be considered for 
determining the reference interval of bio-ana-
lytes. In this regard, the study participants were 
enrolled through accounting several selection 
criteria, and also controlling intra-individual 
variation by specimen collection timing, fast-
ing duration and exercise restriction. Quality 
control was also ensured in sample collection, 
storage and analytic procedures. Finally, an ap-
propriate statistical method, with outlier treat-
ment, was followed for the measurement of ref-
erence interval of the bio-analytes (18).

The notable finding of the present study, con-
sidering the reference range of serum zinc in the 
normal adult population, was found as 60-120 
µg/dL, after taking the necessary precautions 
in order to avoid the potential pre-analytical 
contamination while collecting samples, storing 
them and preparing for instrumental analysis. 
The scarcity of data on the standard reference 
range of serum zinc in Bangladesh makes the 
finding incomparable in the local context. In 
comparison to the finding of the current study, 
several other studies revealed almost similar ref-
erence ranges of serum zinc level (19–22) while 
few studies also reported inconsistent findings 

Table 1 Measured reference intervals of  serum zinc value (µg/dL)

Population 
categories 

Median
2.5th – 97.5th 
percentile

90% CI of lower limit 
(2.5th percentile)

90% CI of upper limit 
(97.5th percentile)

Total 
(n=154) 85.0 60-120 55-65 120-135

Male 
(n=83) 90.0 59-125 54-63 118-131

Female 
(n=71) 75.0 50-103 43-54 97-110

P-value for male vs. female: <0.0001 (Mann-Whitney U test); 
Reference interval calculated using Robust algorithm and confidence intervals (CI) calculated by bootstrapping, R = 5000.
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(23–26). Grandjean et al (26) reported lower 
reference range of serum zinc level than the 
present study, but higher reference range was 
also reported by some other studies (23, 25). 
Different results of serum zinc reference level are 
subjected to variation of laboratory techniques 
(23, 25, 26), statistical procedures (20, 25) and 
eco-environmental factors. 

The mean serum zinc concentration was statis-
tically higher in male (about 18%) than female 
(p<0.001). In congruent with this study, male 
gender was reported to have more zinc concen-
tration than female (19, 24). As an explanation, 
high concentration of zinc was reported in the 
prostate gland and semen to maintain normal 
physiology of sperm (27). This condition makes 

Reference Country Sample
Age 

(year)
Analytic 
Method

Statistical 
parameter

Zinc level 
(µg/dL) #

Present study Bangladesh 154 18-65 GF-AAS P2.5-P97.5 60-120

Alimonti 
et al (19) Italy 110 20-61 ICP-AES P5-P95 59.7-102.8

Forrer 
et al (20) Switzerland 110 - ICP-MS P5-P95 63.7-100.4

Rahil-Khazen 
et al (21) Norway 141 21-87 ICP-AES P2.5-P97.5 71.26-108.53

McMaster 
et al (22)

Northern 
Ireland 499111 25-64 AAS P5-P95

Survey 1: 
60.82-96.13

Survey 2: 
66.05-111.18

Hussain 
et al (23) Pakistan 450 20-29 Flame AAS P2.5-P97.5 75.01-240.14

Abiaka 
et al (24) Kuwait 560 15-80 Flame AAS Range 

(mean±2SD)* 59.50-151.03

Rükgauer 
et al (25) Germany 68 22-75 AAS mean±2SD 108.53±40.54

Grandjean 
et al (26) Denmark 200 - Flame-AAS P2.5-P97.5 53.61-102.65

Table 2 Review of  reference values of  zinc concentration in various countries

P = percentile; 
# All zinc levels were calculated in μg/dL by conversion factor. (1 μg/dL = 0.153μmol/L or 1 μg/L= 10 μg/dL); 
* Range from frequency distribution plot; 
ICP-AES: Inductively Coupled Plasma Spectrometry with Atomic Emission; 
ICP-MS: Inductively Coupled Plasma–Mass Spectrometer; 
GF-AAS: graphite furnace atomic absorption spectrometer.
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adult men 3 times more recommended to zinc 
consumption than women (28). On the contrary, 
few studies found no significant difference in 
respect of gender (24) or opposing higher zinc 
value in female (29).

A non-significant correlation between zinc val-
ues and participants’ age was observed in this 
study (r=0.110; p>0.05). Analogously, the simi-
lar non-linear relationship was also detected by 
McMaster et al (22). However, Li et al found an 
increasing tendency of serum zinc in different 
age groups (30). Similarly, Zhang et al also report-
ed increased value of serum zinc in subjects old-
er than 50 years, but decreasing tendency before 
the age of 50, with any unnoticeable change of 
zinc value in different age groups (31). Another 
study even showed descending zinc values with 
ascending age (21).

This study warrants following limitations: the 
result of this study is difficult to generalize as the 
samples were taken from a selective rural area. 
After gender partitioning, the sample size be-
came smaller. So, the gender specific reference 
ranges may not be representative for the whole 
population. However, the study findings recom-
mend the importance of measuring reference 
values of every biochemical analytes with larger 
sample size ensuring proper quality. The study 
also recommends reduction of dependency on 
literature or test kit reference value for clinical 
decision making.

CONCLUSION 

The result of this study provides important in-
formation about the reference value of serum 
zinc in adult population of Bangladesh. 
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