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Abstract
Background

Zinc (Zn) is an essential trace element, and its deficiency causes various symptoms, such as anemia, short
stature, and poor weight gain, in children. Several studies have reported an association between Zn
deficiency and short stature in children. However, few studies have reported on the relationship between
serum Zn levels, body mass index (BMI), and nutritional indicators such as albumin, amino acids, and
vitamin D.

Methods

We retrospectively analyzed the data of 56 children with idiopathic short stature. We investigated the mean
serum Zn levels and the relationships among serum Zn levels and height standard deviation score (SDS),
bodyweight SDS, BMI SDS, hemoglobin (Hb), albumin, alkaline phosphatase (ALP), insulin-like growth
factor-1 (IGF-1), 25-hydroxyvitamin D (25(0OH)D), and amino acid levels.

Results

The mean serum Zn levels of the study participants were 70.3+10 pg/dL. Serum Zn levels correlated
significantly with weight SDS (r=0.472, p<0.001) and BMI SDS (r=0.416, p<0.001). In contrast, no significant
association was found between serum Zn levels and height SDS (r=0.217, p=0.078). We found significant
positive correlations between serum Zn levels and Hb and IGF-1 SDS (Hb: r=0.333, p=0.012; IGF-1 SDS:
r=0.372, p=0.00478). Serum Zn levels were not correlated with albumin, ALP, 25(OH)D, and amino acid
levels.

Conclusions

Serum Zn levels are associated with anthropometric measurements, especially body weight and BMI. It is
important to evaluate Zn levels in children who fail to thrive, even in developed countries.

Categories: Endocrinology/Diabetes/Metabolism, Pediatrics, Nutrition
Keywords: idiopathic short stature, insulin-like growth factor-1, growth disorders, body mass index, zinc

Introduction

Zinc (Zn) is an essential trace element that plays an important role in enzyme and protein activity and is a
structural component of cells in humans. Zn is abundant in eggs, nuts, and animal proteins such as meat

and seafood. Low intake of these foods due to allergies, unbalanced diets, or economic reasons is a risk factor
for Zn deficiency, resulting in various symptoms such as anemia, dermatitis, loss of appetite, dysgeusia, and
impaired immunity [1-4]. In children with Zn deficiency, short stature and poor weight gain have also been
reported [5].

Several studies have reported an association between Zn deficiency and short stature in children and that Zn
deficiency is present in a certain proportion of short-statured children [6-8]. However, there are only a few
reports on the relationship between serum Zn levels and body mass index (BMI) and nutritional indicators
such as albumin, amino acids, and vitamin D [9].

Here, we report the mean serum Zn levels and the association between serum Zn levels and anthropometric
measurements and laboratory results, including nutritional indicators, in short-statured children.

Materials And Methods

This retrospective study was conducted by reviewing patients’ electronic medical records. We included 63
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prepubertal, short-statured Japanese children who visited our facility between January 2018 and December
2020. Short stature is defined as a height standard deviation score (SDS) of less than -2. Height SDS was
calculated for sex- and age-matched normal Japanese children [10]. Anterior pituitary hormone levels were
measured in all patients, and growth hormone (GH) provocation tests were conducted. GH deficiency (GHD)
was defined as peak GH levels below 6.0 ng/mL according to the criteria of the Japanese Society for Pediatric
Endocrinology [11]. Six patients had GH deficiency. All girls underwent a chromosome examination using
the G-banding method. One patient had Turner syndrome. None of the patients had hypopituitarism and
congenital disorders, except for GHD and Turner syndrome, respectively. The final study sample comprised
56 patients with idiopathic short stature.

We retrieved data on age, sex, height, body weight, BMI, medical history, and laboratory assays. Height and
body weight measurement and laboratory assays were measured during the patients’ first visit to our
hospital for short stature. BMI was calculated as weight in kilograms divided by the square of the height in
meters. Laboratory assays were performed for hemoglobin, albumin, alkaline phosphatase (ALP), Zn,
insulin-like growth factor-1 (IGF-1), 25-hydroxyvitamin D (25(0OH)D), and amino acids (histidine,
methionine, and glutamine). We investigated histidine, methionine, and glutamine, as these amino acids
promote the absorption of Zn in animal proteins [12]. Serum Zn levels and 25(OH)D levels were measured
using a colorimetric assay (SRL Co., Ltd., Tokyo, Japan) and a chemiluminescent enzyme immunoassay (SRL
Co., Ltd.), respectively. Amino acid analysis was performed using liquid chromatography-mass spectrometry
(SRL Co., Ltd.). We investigated the mean serum Zn levels in patients with idiopathic short stature. We also
investigated the relationships between serum Zn levels and height SDS, bodyweight SDS, BMI SDS, and
laboratory assays (hemoglobin, albumin, ALP, IGF-1, 25(OH)D, histidine, methionine, and glutamine). BMI
SDS and IGF-1 SDS were calculated for sex- and age-matched normal Japanese children [10,13]. Anemia was
diagnosed according to the World Health Organization definition [14].

This study was conducted in accordance with the principles of the Declaration of Helsinki and was approved
by the institutional ethics review board of our facility (approval no. S20-073, dated October 5, 2020).

Statistical analysis

Data are presented as mean # standard deviation (SD). We performed the Mann-Whitney U test to determine
possible differences between the two groups. The relationships between serum Zn levels and other factors
were investigated using Pearson’s correlation coefficient test. All statistical analyses were performed using
EZR version 1.54 software (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [15]. Statistical
significance was set at p<0.05.

Results
Characteristics of study participants

The characteristics of the study participants are listed in Table 1. We included 56 children with idiopathic
short stature, of which 30 (53.5%) were boys. The mean serum Zn level was 70.3+10 ug/dL. Serum Zn levels
were not significantly different between boys and girls (71.52+11.02 vs 68.88+8.86 pg/dL, p=0.331). Serum Zn
levels in nine children were less than 60 pg/dL. The mean hemoglobin level was 12.79£0.78 g/dL. Four (5.2%)
children had anemia, according to the World Health Organization criteria. The mean IGF-1 SDS was -
1.36%0.87 ng/dL. None of the participants had severe anemia or malnutrition.
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Age (years)

Height SDS
Weight SDS

BMI SDS

Zn (ug/dL)
Hemoglobin (g/dL)
Albumin (g/dL)
ALP (IU/L)

IGF-1 (ng/ml)
IGF-1 SDS
250HD (ng/mL)
Histidine (nmol/mL)
Methionine (nmol/mL)

Glutamine (nmol/mL)

TABLE 1: Background data of study participants included in the analysis

MeanxSD

6.0+2.5

-2.34+0.32

-1.64+0.85

-0.07+0.94

70.3+10.0

12.79+0.78

4.55+0.28

694.4+£141.2

81.94+37.74

-1.36+0.87

23.49+6.09

77.24+13.64

25.36+7.96

538.2+76

Results are expressed as meant SD and range

Range
2.25-10.45
-2.01-3.1
-2.95-+0.11
-2.24-+1.86
56-96
10.8-14.5
3.8-5.2
363-944
32-211
-3.52-+0.81
10-40.8
55.9-109
11.7-49.5

321-664.9

SD: standard deviation, SDS: standard deviation score, BMI: body mass index, Zn: zinc, ALP: alkaline phosphatase, IGF-1:insulin growth factor-1, 250HD:

25-hydroxyvitamin D

Correlations between serum Zn levels and anthropometric
measurements

We investigated the association between height SDS, weight SDS, BMI SDS, and serum Zn levels (Figure ).
Serum Zn levels were moderately correlated with weight SDS (r=0.472, p<0.001) and BMI SDS (r=0.416,

p<0.001). In contrast, no significant association was found between serum Zn levels and height SDS (r=0.217,

p=0.078).

=005 p=0.078 B

r=0472 p <0.001* « r=0.416 p<0.001*
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FIGURE 1: Correlations between serum zinc levels and height standard
deviation score (SDS), bodyweight SDS, and body mass index SDS

A: height SDS; B: bodyweight SDS; C: body mass index SDS

*p<0.05 is indicative of statistical significance.

Correlations between serum Zn levels and laboratory results
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Additionally, we investigated the association between hemoglobin, albumin, ALP, IGF-1 SDS, 25(0OH)D,
histidine, methionine, glutamine, and serum Zn levels. Moderate positive correlations were found between
serum Zn levels and Hb and IGF-1 SDS (Hb: r=0.333, p=0.012; IGF-1 SDS: r=0.372, p=0.00478; Figure 2).
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FIGURE 2: Correlations between serum zinc levels and hemoglobin,
albumin, alkaline phosphatase, insulin growth factor-1, 25-
hydroxyvitamin D

A: hemoglobin, B: albumin; C: alkaline phosphatase; D: insulin-like growth factor-1; E: 25-hydroxyvitamin D)

*p<0.05 is indicative of statistical significance.

We observed no significant associations between serum Zn levels and albumin (r=0.178, p=0.191), ALP
(r=0.236, p=0.074), or 25(OH)D (r=0.034, p=0.803). Serum Zn levels were not significantly correlated with
histidine, methionine, and glutamine levels, which promote Zn absorption (Figure 3; histidine: r=-0.0862,
p=0.527; methionine: r=-0.013, p=0.92; glutamine: r=0.021, p=0.876).
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FIGURE 3: Correlations between serum Zn levels and histidine,
methionine, and glutamine

A: histidine; B: methionine; C: glutamine

Discussion

In this study, we measured serum Zn levels and their association with anthropometric measurements and
laboratory results, including nutritional indicators, in children with idiopathic short stature. The results of
this study revealed three clinical findings. First, the mean serum Zn levels were 70.3+10 ug/dL, and nine
(16.0%) children had serum Zn levels below 60 pg/dL. Zn deficiency was noted in children with idiopathic
short stature at a fixed rate. Second, serum Zn levels did not correlate with height SDS but were moderately
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correlated with weight SDS and BMI SDS in children with idiopathic short stature. Third, serum zinc levels
were moderately correlated with Hb and IGF-1 SDS in children with idiopathic short stature.

There are several reports on the frequency of Zn deficiency in children with short stature. Kaji et al. reported
that 36% of children with short stature had Zn deficiency defined as less than 70 pg/dL [16]. Additionally,
Hamza et al. reported significantly lower serum Zn levels in children with short stature than in children
without short stature [7]. Similarly, our results show low serum Zn levels in a certain proportion of children
with short stature.

Regarding the association between serum Zn levels and anthropometric measurements, our results showed
that serum Zn levels were not correlated with height SDS but were moderately correlated with weight SDS
and BMI SDS in children with idiopathic short stature. Zn deficiency is associated with short stature, and its
pathophysiology is thought to include decreased GH secretion and decreased GH receptors in the liver
[7,16]. However, the mechanism by which Zn deficiency affects short stature is unclear. There are many
causes of short stature in children, such as GHD, familial short stature, and hypothyroidism. Therefore,
although we observed Zn deficiency in a certain proportion of children with short stature, it was not
correlated with height SDS. On the contrary, bodyweight SDS and BMI SDS showed a slightly positive
correlation with serum Zn levels. Zn deficiency reduces appetite by inhibiting the release of neuropeptide Y
from the hypothalamus [17]. Loss of appetite due to Zn deficiency can affect the body weight and BMI, which
reflect oral intake/appetite. Therefore, it is possible that serum Zn levels are moderately correlated with
body weight and BMI, as seen in our results.

Laboratory test results showed that serum Zn levels were moderately correlated with Hb and IGF-1 SDS in
children with idiopathic short stature. Zn deficiency causes anemia because the Zn finger protein GATA-1 is
involved in the differentiation and proliferation of erythroblasts [2]. Zn deficiency, therefore, impairs
erythroblast differentiation and proliferation, resulting in anemia [2]. However, participants in the present
study had a low weight SDS possibly because of anemia due to nutritional deficiencies other than Zn.

Regarding the relationship between Zn deficiency and IGF-1, Zn deficiency decreases circulating IGF-1 levels
independent of the total energy intake [18]. A possibility regarding the effect of Zn deficiency on IGF-1 levels
maybe that Zn is involved in the expression of GH receptor and GH binding protein in the liver, and its
deficiency reduces their expression, leading to low IGF-1 levels [19].

This study has several limitations. First, we measured serum Zn levels during afternoon fasting. Serum Zn
levels are known to have diurnal fluctuations and are lower in the afternoon than in the morning

[20]. Therefore, we may have overestimated Zn deficiency in this study. However, we did not examine the
numerical values but the correlation between serum Zn levels and each analyte; thus, our results may still be
significant because the time of measurement may have had little impact on the study results. Second, we
conducted a retrospective study at a single institution, with small sample size. Therefore, the results of this
study may not reflect the trend in the general population. Third, although we confirmed no extreme decline
in food intake (through interviewing), we did not enquire about detailed food intake such as calories,
carbohydrates, proteins, fats, and trace elements. It cannot be denied that anthropometric measurements,
IGF-1, and Hb may be affected by the amount of food consumed.

Conclusions

In conclusion, Zn deficiency, though traditionally considered common in developing countries, was present
in a certain proportion of the population, even in a developed country such as Japan. Our data suggest that
serum Zn levels are associated with anthropometric measurements, especially body weight and BMLI. It is
therefore important to evaluate Zn in children who fail to thrive, even in developed countries. In the future,
we plan to administer Zn to children with Zn deficiency and investigate whether their growth rate can
improve.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Saitama Medical Center
Jichi Medical University issued approval S20-073. This study was conducted in accordance with the
principles of the Declaration of Helsinki and was approved by the institutional ethics review board of our
facility (approval no. S20-073, dated October 5, 2020). Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

2022 Sugawara et al. Cureus 14(5): €24906. DOI 10.7759/cureus.24906 50of 6



Cureus

References
1. Kawamura T, Ogawa Y, Nakamura Y, et al.: Severe dermatitis with loss of epidermal Langerhans cells in
human and mouse zinc deficiency. | Clin Invest. 2012, 122:722-32. 10.1172/]CI58618
2. Zheng], Kitajima K, Sakai E, Kimura T, Minegishi N, Yamamoto M, Nakano T: Differential effects of GATA-
1 on proliferation and differentiation of erythroid lineage cells. Blood. 2006, 107:520-7. 10.1182/blood-
2005-04-1385
3. Elmes ME, Jones JG: Ultrastructural changes in the small intestine of zinc deficient rats . ] Pathol. 1980,
130:37-43. 10.1002/path.1711300106
4. Shankar AH, Prasad AS: Zinc and immune function: the biological basis of altered resistance to infection .
Am ] Clin Nutr. 1998, 68:447S-63S. 10.1093/ajcn/68.2.447S
5. Nishi Y: Zinc and growth. ] Am Coll Nutr. 1996, 15:340-4. 10.1080/07315724.1996.10718608
6. Nakamura T, Nishiyama S, Futagoishi-Suginohara Y, Matsuda I, Higashi A: Mild to moderate zinc deficiency
in short children: effect of zinc supplementation on linear growth velocity. J Pediatr. 199, 123:65-9.
10.1016/s0022-3476(05)81538-0
7. Hamza RT, Hamed Al, Sallam MT: Effect of zinc supplementation on growth hormone-insulin growth factor
axis in short Egyptian children with zinc deficiency. Ital ] Pediatr. 2012, 38:21. 10.1186/1824-7288-38-21
8. Yoshida K, Urakami T, Kuwabara R, Morioka I: Zinc deficiency in Japanese children with idiopathic short
stature. | Pediatr Endocrinol Metab. 2019, 32:1083-7. 10.1515/jpem-2019-0129
9. Rerksuppaphol S, Rerksuppaphol L: Effect of zinc plus multivitamin supplementation on growth in school
children. Pediatr Int. 2016, 58:1193-9. 10.1111/ped.13011
10. Isojima T, Kato N, Ito Y, Kanzaki S, Murata M: Growth standard charts for Japanese children with mean and
standard deviation (SD) values based on the year 2000 national survey. Clin Pediatr Endocrinol. 2016, 25:71-
6.10.1297/cpe.25.71
11. Research Study Group on the Hypothalamo-Pituitary Dysfunction, the Ministry of Health, Labor and
Welfare, Japan. Guidelines for the diagnosis and treatment of growth hormone deficient short stature [In
Japanese]. (2017). Accessed: April 24, 2022: http://square.umin.ac.jp/endocrine/tebiki/001/001009.pdf.
12. Lonnerdal B: Dietary factors influencing zinc absorption. ] Nutr. 2000, 130:1378S-83S.
10.1093/jn/130.5.1378S
13. Isojima T, Shimatsu A, Yokoya S, et al.: Standardized centile curves and reference intervals of serum insulin-
like growth factor-I (IGF-I) levels in a normal Japanese population using the LMS method. Endocr J. 2012,
59:771-80. 10.1507/endocrj.ej12-0110
14.  World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia and assessment of
severity. (2020). Accessed: April 24, 2022: https://apps.who.int/iris/handle/10665/85839.
15. Kanda Y: Investigation of the freely available easy-to-use software 'EZR' for medical statistics . Bone Marrow
Transplant. 2013, 48:452-8. 10.1038/bmt.2012.244
16.  Kaji M, Gotoh M, Takagi Y, Masuda H, Kimura Y, Uenoyama Y: Studies to determine the usefulness of the
zinc clearance test to diagnose marginal zinc deficiency and the effects of oral zinc supplementation for
short children. ] Am Coll Nutr. 1998, 17:388-91. 10.1080/07315724.1998.10718781
17. Levenson CW: Zinc regulation of food intake: new insights on the role of neuropeptide Y . Nutr Rev. 2003,
61:247-9. 10.1301/nr.2003.jul.247-249
18.  Cossack ZT: Decline in somatomedin-C, insulin-like growth factor-1, with experimentally induced zinc
deficiency in human subjects. Clin Nutr. 1991, 10:284-91. 10.1016/0261-5614(91)90008-z
19. Ninh NX, Thissen JP, Maiter D, Adam E, Mulumba N, Ketelslegers JM: Reduced liver insulin-like growth
factor-I gene expression in young zinc-deprived rats is associated with a decrease in liver growth hormone
(GH) receptors and serum GH-binding protein. ] Endocrinol. 1995, 144:449-56. 10.1677/joe.0.1440449
20. Kanabrocki EL, Scheving LE, Olwin JH, et al.: Circadian variation in the urinary excretion of electrolytes and

trace elements in men. Am | Anat. 1983, 166:121-48. 10.1002/aja.1001660202

2022 Sugawara et al. Cureus 14(5): €24906. DOI 10.7759/cureus.24906

6 0of 6


https://dx.doi.org/10.1172/JCI58618
https://dx.doi.org/10.1172/JCI58618
https://dx.doi.org/10.1182/blood-2005-04-1385
https://dx.doi.org/10.1182/blood-2005-04-1385
https://dx.doi.org/10.1002/path.1711300106
https://dx.doi.org/10.1002/path.1711300106
https://dx.doi.org/10.1093/ajcn/68.2.447S
https://dx.doi.org/10.1093/ajcn/68.2.447S
https://dx.doi.org/10.1080/07315724.1996.10718608
https://dx.doi.org/10.1080/07315724.1996.10718608
https://dx.doi.org/10.1016/s0022-3476(05)81538-0
https://dx.doi.org/10.1016/s0022-3476(05)81538-0
https://dx.doi.org/10.1186/1824-7288-38-21
https://dx.doi.org/10.1186/1824-7288-38-21
https://dx.doi.org/10.1515/jpem-2019-0129
https://dx.doi.org/10.1515/jpem-2019-0129
https://dx.doi.org/10.1111/ped.13011
https://dx.doi.org/10.1111/ped.13011
https://dx.doi.org/10.1297/cpe.25.71
https://dx.doi.org/10.1297/cpe.25.71
http://square.umin.ac.jp/endocrine/tebiki/001/001009.pdf
http://square.umin.ac.jp/endocrine/tebiki/001/001009.pdf
https://dx.doi.org/10.1093/jn/130.5.1378S
https://dx.doi.org/10.1093/jn/130.5.1378S
https://dx.doi.org/10.1507/endocrj.ej12-0110
https://dx.doi.org/10.1507/endocrj.ej12-0110
https://apps.who.int/iris/handle/10665/85839
https://apps.who.int/iris/handle/10665/85839
https://dx.doi.org/10.1038/bmt.2012.244
https://dx.doi.org/10.1038/bmt.2012.244
https://dx.doi.org/10.1080/07315724.1998.10718781
https://dx.doi.org/10.1080/07315724.1998.10718781
https://dx.doi.org/10.1301/nr.2003.jul.247-249
https://dx.doi.org/10.1301/nr.2003.jul.247-249
https://dx.doi.org/10.1016/0261-5614(91)90008-z
https://dx.doi.org/10.1016/0261-5614(91)90008-z
https://dx.doi.org/10.1677/joe.0.1440449
https://dx.doi.org/10.1677/joe.0.1440449
https://dx.doi.org/10.1002/aja.1001660202
https://dx.doi.org/10.1002/aja.1001660202

	The Association Between Serum Zinc Levels and Anthropometric Measurements and Nutritional Indicators in Children With Idiopathic Short Stature
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	Characteristics of study participants
	TABLE 1: Background data of study participants included in the analysis

	Correlations between serum Zn levels and anthropometric measurements
	FIGURE 1: Correlations between serum zinc levels and height standard deviation score (SDS), bodyweight SDS, and body mass index SDS

	Correlations between serum Zn levels and laboratory results
	FIGURE 2: Correlations between serum zinc levels and hemoglobin, albumin, alkaline phosphatase, insulin growth factor-1, 25-hydroxyvitamin D
	FIGURE 3: Correlations between serum Zn levels and histidine, methionine, and glutamine


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


