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Low serum zinc and short stature in children
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Abstract
Background Short stature/stunting is common in developing 
countries, and has been used as an indicator of a nation’s general 
health condition. Short stature increases the risk of metabolic 
disease, disturbances in cognitive development, infection 
prevalence, physical as well as functional deficits, and even 
death. Nutritional factors that frequently cause stunting are 
low intake of energy, protein, or micronutrients such as iron, 
vitamin A, and zinc. The role of zinc supplementation in children 
with short stature has not been well defined. In addition, zinc 
supplementation should be evaluated in the setting of specific 
conditions and regions.
Objective To assess the association between low serum zinc level 
and short stature in children.
Methods This cross-sectional study was done in a primary health 
care center at Klungkung I, Klungkung District, from August 
to September 2013. Children with short and normal stature (as 
reference group) were enrolled and their  serum zinc level was 
measured, Other risk factors were inquired by questionnaire. 
Association between low serum zinc level (<65 µg/dL) and short 
stature was analyzed by stepwise multivariable regression analysis; 
degree of association was presented as odds ratio (OR) and its 
corresponding confidence interval.
Results The prevalence of low serum zinc level in our subjects 
was 71%. Low serum zinc level was significantly associated with 
short stature [adjusted OR 16.1; 95%CI 3.1 to 84.0; (P=0.001)]. 
In addition, the occurrence of low serum zinc was higher in the 
short stature group (88.5%) compared to the normal stature group 
(53.8%). We also found that low calorie intake was associated 
with short stature [adjusted OR 29.4; 95%CI 2.76 to 314.7; 
(P=0.001)]. 
Conclusion Low serum zinc level appears to be associated with 
short stature. [Paediatr Indones. 2016;56:171-5.].
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Short stature (stunting) is commonly found in 
developing countries and has been used as an 
indicator of the general health condition of 
a nation. A survey conducted in Indonesia 

showed that 31.4% of children had short stature.1 In 
Bali, the prevalence of children below 5 years of age 
with short stature was 36.4%.2 Short stature increases 
the risk of metabolic diseases such as type II diabetes 
in adolescence.3 In addition, short stature increases 
the prevalence of infectious diseases, physical as 
well as functional deficits, and causes death in 
approximately 2.1 million children below 5 years of 
age worldwide.4 

Factors affecting malnutrition in toddlers include 
genetics, hormones, gender, infectious diseases, and 
chronic diseases.5-9 Nutritional factors that cause 
stunting include low intake of energy, protein, and 
micronutrients such as iron, vitamin A, and zinc.10,11 

Zinc deficiency may lead to anorexia, which has im-
plications for DNA and RNA synthesis for replication 
and differentiation of chondrocytes and osteoblasts, 
declining immune system.12 Gibson et al. found a 
significant difference in serum zinc in boys with short 
stature compared to those with normal stature.11 The 
role of zinc supplementation in children with short 
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stature remains unproven, as previous studies have 
shown both positive and negative effects.13,14 The data 
suggest that populations at high risk of short stature 
may benefit from zinc supplementation, but local 
conditions should be taken into account.

The goals of this study were to evaluate the 
relationships between low serum zinc and the risk of 
short stature. We secondarily also looked at whether 
low energy (calorie) intake and protein intake are 
associated with the risk of short stature in a pediatric 
population.

Methods

This was a cross sectional study on children with 
short stature and those with normal stature as the 
reference group. Subjects were patients who visited 
one of 39 randomly chosen primary health centers 
in Klungkung I from August until September 2013, 
and were aged 24-60 months as well as residents 
of the area. Inclusion criteria for the ‘short stature’ 
group were: 1) children aged 24-60 months with 
short stature and 2) with parents providing informed 
consent. Exclusion criteria were: 1) children with 
chronic diseases such as HIV/AIDS, chronic kidney 
disease, heart disease, diabetes, or cancer, 2) children 
with endocrine disorders such as hypothyroidism or 
Cushing’s syndrome, 3) children with bone remodeling 
disorders such as chondrodystrophy, bone dysplasia, 
genetic syndromes such as Turner’s syndrome, Down 
syndrome, Kallman’s syndrome, Marfan’s syndrome, 
or Klinefelter’s syndrome, or 4) subjects’ body height 
to age as adult was still within potential genetic range 
(MPH). The minimum required sample size was 
estimated to be 26 subjects per group15 with two-tail 
α set at 5%, β=20%, estimated proportion of low 
serum zinc level in short stature group of 85% and in 
the reference group 50%.16 

Subjects were included by systematic random 
sampling. Screening was done in 4 primary health 
centers in the Klungkung I area, which were randomly 
chosen as research sites. We measured body height us-
ing a microtoise with an accuracy of 0.1 cm. Body pro-
portion was evaluated in several ways: by comparing 
sitting height with body height, subischial leg length, 
and by counting upper segment to lower segment. 
Lower body segment length was taken by measuring 

from the upper segment of the pubic symphysis until 
the sole of the foot. The ratio between the upper and 
lower segments was compared with standard values 
for age and sex, then categorized as proportional or 
non-proportional. Paternal and maternal heights were 
taken by parental reporting. The mid-parental height 
(MPH) was calculated and plotted on the 2005 WHO 
Anthro Curve to predict the child’s height at 20 years 
of age. As such, knowing the potential genetic body 
height of a child guided our categorization of children 
as having short stature due to familial factors or due 
to other factors.

Subjects were categorized as having short (Z 
score <-2) or normal stature (Z score ≥ -2 to <+2), 
according to the 2005 WHO Growth Curve chart for 
age and sex, using the 2005 WHO Anthro software. 
The short stature and reference groups were matched 
for gender. Parents filled questionnaires with their 
complete identity, family characteristics, and subjects’ 
food intake data (calorie and protein intake). Sub-
ejcts’ serum zinc levels were measured. Calorie intake 
was the description of children’s food consumption, 
including food ingredients, meal frequency, and total 
food with protein. Calorie intake was considered to 
be good if it was ≥ 80% of the recommended daily 
allowance (RDA) or poor if it was <80% of the RDA. 
Serum zinc was considered to be low if it was <65 
µg/dL.

Data analyses were done by first describing the 
data using T-test or Chi-square as appropriate. Mul-
tivariable analysis with logistic regression (backward 
stepwise method based on LR) was performed on 
factors with P values <0.25 on univariable analysis. 
Results were reported as odds ratio (OR) with 95% 
confidence intervals and significance level of P<0.05. 
This study was approved by the Ethics Committee 
of the Research and Development Unit (Litbang), 
Udayana University Medical School/Sanglah General 
Hospital. 

Results

During the study period, 174 children aged 24-60 
months were screened; 33 (19%) children were found 
to have short stature. Subjects’ characteristics in the 
short stature and normal height groups are shown in 
Table 1. 
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The relationships between each risk factor and 
short stature on univariable analysis are described on 
Table 2. There was no significant difference in age 
between the short stature and reference (normal height) 
groups. However, the mean zinc level was significantly 
higher in the reference group [72.5 (SD 13.4) µg/dL]
than in the short stature group [(54.5 (SD 8.53) µg/
dL]; (P=0.001). In addition, Chi-square test revealed 
that children in short stature group had significant 
low calorie intake (P=0.001), low protein intake 
(P=0.006), and low serum zinc level (P=0.006).

Factors, which on univariable analysis had a P 
value of <0.25 (calorie intake, protein intake, and low 
serum zinc) were further subjected to multivariable 
analysis (Table 3). A significant association was shown 

between low serum zinc level and short stature [OR 
16.1; 95%CI 3.1-84.0; (P=0.001)]. 

Discussion

We found that low zinc level and calorie intake was 
associated with short stature. In our study, subjects 
in each group were matched for gender as gender 
may be associated with short stature as well as zinc 

Table 1. Baseline characteristics of the subjects

Characteristics Short stature
(n=26)

Normal height
(n=26)

Male gender, n 14 14 
Mean age (SD), months 38.42 (10.9) 42.15 (10.2)
Calorie intake, n 
     < 80% RDA
     ≥ 80% RDA

25 
 1

11 
15 

Protein intake, n
     < 80% RDA
     ≥ 80% RDA

12 
14 

 3
23 

Low serum zinc, n 23 14 

Table 2. Univariable analysis of the relationships between research variables and short stature

Short stature group
(n=26)

Normal stature group
(n=26)

OR 95%CI P value

Mean age (SD), months 38.42 (10.9) 42.15 (10.2) - - 0.96
Calorie intake, n

<80% RDA
>80% RDA

25
1

11
15

34.09 3.99 to 291.16
0.001

Protein intake, n
< 80% RDA
≥80% RDA

12
14

3
23

6.57 1.57 to 27.43 0.006

Low zinc serum level, n
Yes
No

23
3

14
12

6.57 1.57 to 27.43 0.006

Table 3.  Multivariable analysis of relationships between 
short stature (short stature group) and low calorie intake, 
low protein intake, and low serum zinc*

Variable B P OR 95%CI 
Calorie intake
Protein intake
Low serum zinc level
Constant 

3.58
1.21
1.89
-4.10

0.005
0.227
0.001
0.001

29.49
3.3

16.16
0.01

2.76 to 314.71
0.47 to 23.87
3.11 to 84.04

*logistic regression test

deficiency. Musthaq et al. showed a higher prevalence 
of short stature in males than in females.5 Previous 
studies have also had similar results.3,6,8 Dehghani et 
al. showed no association between serum zinc level 
and gender, but zinc deficiency was less common in 
males (8.1%) than in females (7.8%).16 In contrast, 
Ibeanu et al. observed that total serum zinc was more 
common in boys (63.3%) than in girls (36.4%).17 The 
zinc level in muscle is higher than in fat.18 As such, 
males need more zinc than females because their 
growth rate is higher and their proportion of muscle 
per kilogram body weight is larger. 

In our study, there was no significant difference 
in age between the short and normal stature groups. 
A study showed that prevalence of short stature was 
highest in children aged 1-4 years, then declined at 
the age of 5 years (32%), followed by an increase 
in adolescents aged 14 to 15 years.3  Another study 
on short stature also found it to be much higher in 
children below 5 years of age.8 This phenomenom 
appears to be due to increased growth velocity at 
this age span, thereby increasing the demand for 
nutrients. 

This study showed significant differences 
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between the two groups in both calorie and protein 
intake. Similarly, Ruminigsih found that toddlers with 
short stature tended to consume much less energy 
than toddlers with normal stature.19

Protein is a macronutrient required for body 
growth, development, and function. Hormones and 
enzymes comprise of proteins with specific chemical 
functions in the physiological processes of the body. 
We found that significantly fewer short stature 
subjects had >80% RDA of protein than those in the 
normal stature group. Similar results were reported 
by Ruminingsih and Tresna.19,20 The relationship 
between nutritional status and insulin-like growth 
factor 1 (IGF-1) in humans can be seen by the 
decreased IGF-1 level in children with malnutrition 
like kwashiorkor or marasmic.21 

Zinc is one of the most important micronutrients 
affecting children’s growth. We found that the mean 
serum zinc level was significantly lower in the short 
stature group than in the normal stature group 
(P=0.001). Gibson et al. also found a significant 
difference in serum zinc levels between boys with short 
stature [9.19 µmol/L (95%CI 8.53 to 9.84)] and boys 
with normal stature [9.70 µmol/L (95%CI 8.53 to 
9.29). However, in girls they found no differences.11 
Dehghani et al. showed signifcantly different result 
that zinc serum level significantly not related to body 
height nor body weight.16 In our study, the short 
stature group had a significantly greater percentage of 
subjects with low serum zinc levels compared to the 
normal stature group.

Low serum zinc may result in short stature, 
through a zinc-deficiency mechanism which causes 
anorexia. As such, energy intake is decreased, 
leading to growth disturbance. Zinc plays a role in 
both deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA) synthesis, which is important for the 
replication and differentiation of chondrocytes 
and osteoblasts, transcriptation, and synthesis of 
somatomedin, osteoklasin, and collagen, as well 
as growth hormone (GH) secretion and activation 
of IGF-1 or somatomedin in liver and bones.12 
Physiologically, more zinc is needed in periods of fast 
growth to support the processes of DNA replication 
and transcription, as well as endocrine function.18,22 
Zinc deficiency also contributes to weakening of the 
immune system thereby increasing the frequency of 
sickness or morbidity. That, in turn, causes energy and 

zinc needs that may further disturb linear growth.12 
Zinc supplementation has also been suggested to 
decrease mortality rates due to pneumonia and 
diarrhea.23 

In conclusion, low serum zinc concentration is 
associated with short stature in children. Low energy 
(calorie) intake is also related with short stature. In 
the future, a cohort study is needed in order to further 
assess the effects of zinc deficiency on short stature. 
A randomized controlled trial should be performed 
to evaluate the effects of zinc supplementation on 
children with short stature. 

Acknowledgments

Our sincere gratitude to the physicians and nurses in 
charge at the Perinatology Ward of Sanglah Hospital, 
as well as I Gde RakaWidiana, MD for his help in 
methodology construction and statistical analysis. 

Conflict of interest 

None declared

References

1.	 Best CM, Sun K, de Pee S, Sari M, Bloem MW, Semba RD. 
Paternal smoking and increased risk of child malnutrition 
among families in rural Indonesia. Tob Control. 2008;17:38-
45.

2.	 Mardewi KW, Sidiartha L. Breastfeeding duration and age 
at first complementary feeding in children age 6 months to 
5 years. Paediatric Indones. 2012;52:S73.  

3.	 Kimani-Murage EW, Kahn K, Pettifor JM, Tollman SM, 
Dunger DB, Gomez-Olive XF, et al. The prevalence of 
stunting, overweight and obesity, and metabolic disease 
risk in rural South African children. BMC Public Health. 
2010;10:158. DOI: 10.1186/1471-2458-10-158.

4.	 Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, 
Ezzati M, et al. Maternal and child undernutrition: global 
and regional exposures and health consequences. Lancet. 
2008;371:243-60.

5.	 Musthtaq MU, Gull S, Khurshid U, Shahid U, Shad 
MA, Siddiqui AM. Prevalence and socio-demographic 
correlates of stunting and thinness among Pakistani primary 



Kadek Wini Mardewi  et al: Low serum zinc and short stature in children

Paediatr Indones, Vol. 56, No. 3, May 2016 • 175

school children. BMC Public Health. 2011;11:790. DOI: 
10.1186/1471-2458-11-790.

6.	 Senbanjo IO, Oshikoya KA, Odusanya OO, Njokanma 
OF. Prevalence and risk factors for stunting among school 
children and adolescents in Abeokuta, southwest Nigeria. J 
Health Popul Nutr. 2011;29:364-70.

7.	 Imdad A, Yakoob MY, Bhutta ZA. Impact of maternal educa-
tion about complementary feeding and provision of comple-
mentary foods on child growth in developing countries. BMC 
Public Health. 2011;11:S25. DOI: 10.1186/1471-2458-11-
S3-S25.

8.	 Wamani H, Astrom AN, Peterson S, Tumwine JK, Tylleskar 
T. Boys are more stunted than girls in Sub-Sahara Africa: a 
meta-analysis of 16 demographic and health surveys. BMC 
Paediatr. 2007;7:17. DOI: 10.1186/1471-2431-7-17.

9.	 Casapia M, Joseph SA, Nunez C, Rahme E, Gyorkos TW. 
Parasite risk factors for stunting in grade 5 students in 
a comunity of extreme poverty in Peru. Int J Parasitol. 
2006;36:741-7. 

10.	 Umeta M, West CE, Verhoef H, Haidar J, Hautvast JG. 
Factors associated with stunting in infants aged 5-11 
months in the Dodota-Sire District, rural Ethiopia. J Nutr. 
2003;133:1064-9.

11.	 Gibson RS, Manger MS, Krittaphol W, Pongcharoen T, 
Gowachirapant S, Bailey KB, et al. Does zinc deficiency 
play role in stunting among primary school children in NE 
Thailand? Br J Nutr. 2007;97:167-75.

12.	 Salgueiro MJ, Zubillaga MB, Lysionek AE, Caro RA, Weill R, 
Boccio R. The role of zinc in the growth and development 
of children. Nutrition. 2002;18:510-9.

13.	 Brown KH, Peerson JM, Rivera J, Allen LH. Effect of 
supplemental zinc on the growth and serum zinc concentration 
of prepubertal children: a meta-anlysis of randomized 
controlled trials. Am J Clin Nutr. 2002;75:1062-71.

14.	 Fischer-Walker CL, Black RE. Functional indicators for 
assessing zinc deficiency. Food Nutr Bull. 2007;28:454-79.

15.	 Madiyono B, Moeslichan S, Sastroasmoro S, Budiman I, 
Purwanto SH. Perkiraan besar sampel. In: Sudigdo S, Ismael 
S, editors. Dasar-dasar metodologi klinis. 4th ed. 2011; 
Jakarta: Sagung Seto. p. 348-82.

16.	 Dehghani SM, Katibeh P, Haghighat M, Morajev H, Asadi 
S. Prevalence of zinc deficiency in 3-18 years old children in 
Shiraz-Iran. Iran Red Cresent Med J. 2011;13:4-8. 

17.	 Ibeanu V, Okeke E, Onyechi U, Ejiofor U. Assessment of 
anthropometric indices, iron and zinc status of preschoolers 
in a peri-urban community in south east Nigeria. Int J Basic 
Appl Sci IJBAS-IJENS. 2012;12:31-7.

18.	 Gibson RS. Zinc: the missing link in combating micronutrient 
malnutrition in developing countries. Proc Nutr Soc. 
2006;65:51-60.

19.	 Ruminingsih. Perbedaan pola konsumsi (energi, protein, 
seng dan vitamin A) dan frekuensi sakit pada anak balita 
dengan status gizi pendek dan normal di wilayah kerja UPT 
puskesmas Klungkung I kabupaten Klungkung [thesis]. 
[Denpasar]: Universitas Udayana; 2010. 

20.	 Tresna AK. Perbedaan pertumbuhan linier (TB/U), kadar 
seng dan kadar C-reactive protein (CRP) pada anak balita 
dengan kadar serum retinol normal dan tidak normal [thesis]. 
[Surabaya]: Universitas Airlangga; 2008. 

21.	 Rivera JA, Hotz C, Gonzalez-Cossio T, Neufeld L, Garcia-
Guerra A. The effect of micronutrient deficiencies on 
child growth: a review of results from community-based 
supplementation trials. J Nutr. 2003;133:4010S-20S.

22.	 Hidayati SN. Defisiensi seng (zn). In:  Sjarif DR, Lestari ED, 
Mexitalia M, Nasar SS, editors. Buku ajar nutrisi pediatrik 
dan penyakit metabolik. 1st ed. Jakarta: IDAI; 2011. p. 
182-9.

23.	 Yakoob MY, Theodoratou E, Jabeen A, Imdad A, Eisele 
T, Ferguson J, et al. Preventive zinc supplementation in 
developing countries: impact on mortality and morbidity due 
to diarrhea, pneumonia and malaria. BMC Public Health. 
2011;11:S23. DOI:  10.1186/1471-2458-11-S3-S23.




