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Abstract
Zinc is an important micronutrient, which is critical for normal immune function and
physical growth. Zinc deficiency is a major public health concern. Zinc deficient children
are prone to infectious diseases such as diarrhea and respiratory tract infection. The main
objective of this study is to find the relationship between stunting and zinc deficiency
among toddlers aged 1-3 year in Gaza Strip.
A quantitative analytical retrospective case control study was chosen. The study subjects
consist of two groups. The first group included 137 case samples (stunted toddlers) who
were collected from Ard El Insan Palestinian Benevolent Association centers in Gaza city
and Khan-Younis city. The second group was 121 control samples (non-stunted toddlers)
were collected from primary health care clinics at the Ministry of Health (MOH) and
United Nations Relief and Works Agency for Palestine Refugees (UNRWA) in all
governorates of Gaza Strip. They were interviewed by using questionnaire designed for the
study and anthropometry and serum zinc level for case and control subjects were
examined.
The study illustrated that, there is a strong relationship between zinc deficiency and
stunting (height-for-age) of study subjects, (70.1 %) of study subjects who had height-forage less than -2 SD (stunted subjects) had zinc deficiency, while (88.4 %) who had heightfor- age more than -1 SD (non-stunted subjects) had normal serum zinc level (SZL)
(P = 0.000), (OR= 17.895), (CI= 9.191- 34.844).
Stunted male children had a high percentage of zinc deficiency (72.2 %), while stunted
female who had zinc deficiency were (67.7 %). A high percentage of zinc deficiency
(73.8%) was found in stunted children in the third year of life (25- 36 months). Gaza
governorate had a high percentage (77.3 %) of stunted subjects with zinc deficiency, while
(75 %) of stunted subjects with zinc deficiency were lived in refugee camps. The study
also revealed that, the low educational level of mother was associated with zinc deficiency
(P= 0.037), whereas there is a positive statistical association between crowding at home
and zinc deficiency (P= 0.032), (OR= 0.279), (CI= 0.082- 0.948). The study showed that,
the poverty had a serious effect on stunting. It was clarified that, there is statistically
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significance between monthly income and zinc deficiency among case subjects (P= 0.015),
(OR= 2.837), (CI= 1.204- 6.686).
From 110 stunted children who were weaned, it was found that, (74.5 %) of them had zinc
deficiency.

There is a statistical significant difference between weaning and zinc

deficiency (P= 0.021), (OR= 0.368) and (CI 0.154 – 0.876). On other side, it was cleared
that, eating habit played an important role in SZL. Poor and fair appetite was associated
with zinc deficiency in case and control subjects (P = 0.013), (P = 0.000), respectively.
Daily frequent meals were associated with normal zinc level among control subjects
(P= 0.000), (OR= 6.955), (CI= 2.117- 22.849). Eating frequency of snacks related
statistically to zinc deficiency in case and control subjects (P= 0.026), (OR= 2.316), (CI=
1.098- 4.884) and (P= 0.032), (OR= 3.580), (CI= 1.055- 12.146) respectively.

Data

analysis showed also that, the frequency of milk drinking, meat eating and legumes eating
are associated with zinc deficiency. Logistic regression clarify that there is a strong
relationship between eating frequency of legumes and zinc deficiency (P=. 0.000), (OR=
1.549), (CI= 1.280- 1.874).
The study illustrated that, zinc deficiency had serious effect on stunting. Statistically
significant relationship between zinc deficiency and stunting was identified (P= 0.000),
(OR= 17.895), (CI= 9.191- 34.844). The result of logistic regression agreed with this
result. Zinc deficiency associated with recurrent episodes of diarrhea. Logistic regression
had confirmed the relationship between zinc deficiency and recurrent episodes of diarrhea
(P= 0.006), (OR= 0.465), (CI= 0.269- 0.802). Zinc deficiency associated with recurrent
episodes of respiratory tract infection. The result of logistic regression agreed with cross
tabulation results (P= 0.000), (OR= 0.220), (CI= 0.130- 0.734).
The present study contributes in highlighting the effect of zinc deficiency on stunting,
recurrent episodes of diarrhea and respiratory tract infection for implementing strategies
that could help in reducing zinc deficiency and its complications.
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ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
اﻟﻌﻼﻗﺔ ﺑﻴﻦ ﻧﻘﺺ ﻣﺴﺘﻮى اﻟﺰﻧﻚ وﻗﺼﺮ اﻟﻘﺎﻣﺔ ﻋﻨﺪ اﻷﻃﻔﺎل ﺑﻌﻤﺮ  3-1ﺳﻨﻮات ﻓﻲ ﻗﻄﺎع ﻏﺰة
ﻟﻠﺯﻨﻙ ﺩﻭﺭ ﺃﺴﺎﺴﻲ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻟﻨﻤﻭ ﻭﺍﻟﺤﻔﺎﻅ ﻋﻠﻰ ﺍﻟﻤﻨﺎﻋﺔ ،ﻭﻨﻘﺼﻪ ﻴﻌﺘﺒﺭ ﻤﺸﻜﻠﺔ ﻤﻥ ﻤﺸﺎﻜل ﺍﻟﺼﺤﺔ ﺍﻟﻌﺎﻤﺔ .ﺤﻴﺙ ﺃﻥ ﺍﻷﻁﻔﺎل
ﺩﻭﻥ ﻋﻤﺭ ﺍﻟﺨﻤﺱ ﺴﻨﻭﺍﺕ ﻫﻡ ﺍﻷﻜﺜﺭ ﻋﺭﻀﺔ ﻟﻺﺼﺎﺒﺔ ﺒﻨﻘﺹ ﺍﻟﺯﻨﻙ ،ﻤﻤﺎ ﻗﺩ ﻴﺅﺩﻱ ﺇﻟﻰ ﺍﻟﺘﺄﺜﻴﺭ ﻋﻠﻰ ﻨﻤﻭﻫﻡ ﺍﻟﺠﺴﺩﻱ ﻭ ﺇﺼﺎﺒﺘﻬﻡ
ﺒﺎﻹﺴﻬﺎل ﻭﺍﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﺠﻬﺎﺯ ﺍﻟﺘﻨﻔﺴﻲ ﺍﻟﻤﺘﻜﺭﺭﺓ .ﻭﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺇﻴﺠﺎﺩ ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻭﻗﺼﺭ ﺍﻟﻘﺎﻤﺔ ﻋﻨﺩ
ﺍﻷﻁﻔﺎل ﺒﻌﻤﺭ  3-1ﺴﻨﻭﺍﺕ ﻓﻲ ﻗﻁﺎﻉ ﻏﺯﺓ.
ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻀﺎﺒﻁﺔ ﺍﻟﺭﺍﺠﻌﺔ ،ﻭﺫﻟﻙ ﻷﻨﻬﺎ ﺘﻤﻜﻥ ﺍﻟﺒﺎﺤﺙ ﻤﻥ ﺃﺨﺫ ﺍﻟﺘﺎﺭﻴﺦ ﺍﻟﻤﺭﻀﻰ ﻭﺍﻟﻤﻘﺎﺭﻨﺔ ﺒﻴﻥ ﻤﺠﻤﻭﻋﺘﻴﻥ ﺇﺤﺩﺍﻫﻤﺎ
ﺘﻌﺭﻀﺕ ﻟﻤﺅﺜﺭ ﻤﺎ ﺒﻌﻜﺱ ﺍﻷﺨﺭﻯ .ﻭﺍﺸﺘﻤﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ  258ﻁﻔل )ﺫﻜﻭﺭ ﻭﺇﻨﺎﺙ( ﺒﻌﻤﺭ  3-1ﺴﻨﻭﺍﺕ ) 137ﻁﻔل ﻜﺤﺎﻻﺕ
 ،ﻭ  121ﻁﻔل ﻜﻤﺠﻤﻭﻋﺔ ﻀﺎﺒﻁﺔ( .ﻟﻘﺩ ﺘﻡ ﺍﺨﺘﻴﺎﺭ ﺤﺎﻻﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻤﻥ ﺠﻤﻌﻴﺔ ﺃﺭﺽ ﺍﻹﻨﺴﺎﻥ ﻓﻲ ﻤﺩﻴﻨﺘﻲ ﻏﺯﺓ ﻭ ﺨﺎﻨﻴﻭﻨﺱ ،ﺃﻤﺎ
ﺍﻟﺤﺎﻻﺕ ﺍﻟﻀﺎﺒﻁﺔ ﻓﻘﺩ ﺘﻡ ﺍﺨﺘﻴﺎﺭﻫﺎ ﻤﻥ ﻤﺭﺍﻜﺯ ﺍﻟﺭﻋﺎﻴﺔ ﺍﻷﻭﻟﻴﺔ ﺍﻟﺘﺎﺒﻌﺔ ﻟﻭﺯﺍﺭﺓ ﺍﻟﺼﺤﺔ ﻭﻭﻜﺎﻟﺔ ﺍﻟﻐﻭﺙ ﻓﻲ ﺠﻤﻴﻊ ﻤﺤﺎﻓﻅﺎﺕ ﻗﻁﺎﻉ
ﻏﺯﺓ .ﻭﻗﺩ ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺜﻼﺙ ﻭﺴﺎﺌل ﻟﻠﺒﺤﺙ ﻭﻫﻰ ﺍﻻﺴﺘﺒﻴﺎﻥ ﻭ ﺍﻟﻘﻴﺎﺴﺎﺕ ﺍﻟﺠﺴﻤﻴﺔ ﻭﺘﺤﻠﻴل ﻤﺴﺘﻭﻯ ﺍﻟﺯﻨﻙ ﻓﻲ ﺍﻟﺩﻡ.
ﺒﻴﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﻫﻨﺎﻙ ﻋﻼﻗﺔ ﻗﻭﻴﺔ ﺒﻴﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻭ ﻋﻼﻗﺔ ﺍﻟﻁﻭل ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﻤﺭ ،ﺤﻴﺙ ﺃﻥ ) (70.1 %ﻤﻥ ﺃﻁﻔﺎل ﺍﻟﺩﺭﺍﺴﺔ
ﺍﻟﺫﻱ ﻜﺎﻥ ﺍﻻﻨﺤﺩﺍﺭ ﺍﻟﻤﻌﻴﺎﺭﻱ ﻟﻠﻁﻭل ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﻤﺭ ﻟﺩﻴﻬﻡ ﺃﻗل ﻤﻥ ﺴﺎﻟﺏ  2ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ،ﺒﻴﻨﻤﺎ ) (%88.4ﻤﻤﻥ ﻜﺎﻥ
ﺍﻻﻨﺤﺩﺍﺭ ﺍﻟﻤﻌﻴﺎﺭﻱ ﻟﻠﻁﻭل ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﻤﺭ ﻟﺩﻴﻬﻡ ﺃﻜﺒﺭ ﻤﻥ ﺴﺎﻟﺏ  1ﻴﺘﻤﺘﻌﻭﻥ ﺒﻤﺴﺘﻭﻯ ﻁﺒﻴﻌﻲ ﻟﻠﺯﻨﻙ

(P = 0.000),

).(OR=17.895), (CI= 9.191- 34.844
ﺒﻴﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﺍﻟﺫﻜﻭﺭ ﻗﺼﻴﺭﻱ ﺍﻟﻘﺎﻤﺔ ﻭﺍﻟﻠﺫﻴﻥ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻜﺎﻨﻭﺍ ﻴﺸﻜﻠﻭﻥ  ،72.2 %ﺒﻴﻨﻤﺎ ﺍﻹﻨﺎﺙ ).(67.7%
ﻭﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻴﻀﺎ ﺒﺄﻥ ﺃﻋﻠﻰ ﻨﺴﺒﺔ ﻟﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﻗﺼﻴﺭﻱ ﺍﻟﻘﺎﻤﺔ ) (73.8 %ﻜﺎﻨﺕ ﺒﻴﻥ ﻤﻥ ﻫﻡ ﻓﻲ ﺍﻟﺜﺎﻟﺜﺔ ﻤﻥ
ﺍﻟﻌﻤﺭ ،ﻭ ﺃﻥ ﻤﺤﺎﻓﻅﺔ ﻏﺯﺓ ﻭ ﺍﻟﻤﺨﻴﻤﺎﺕ ﻜﺎﻨﺕ ﺘﺸﻜل ﺃﻋﻠﻰ ﻨﺴﺒﺔ ) (77.3 %ﻭ ) (75 %ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ ﻤﻥ ﺍﻷﻁﻔﺎل ﻗﺼﻴﺭﻱ
ﺍﻟﻘﻤﺔ ﺍﻟﺫﻴﻥ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ .ﻭﻗﺩ ﺒﻴﻥ ﺍﻟﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻲ ﻤﺩﻯ ﺘﺄﺜﻴﺭ ﺍﻟﻤﺴﺘﻭﻯ ﺍﻟﻤﺘﺩﻨﻲ ﻟﺘﻌﻠﻴﻡ ﺍﻷﻡ ﻋﻠﻰ ﻨﻘﺹ ﺍﻟﺯﻨﻙ =(P
) .0.037ﻜﻤﺎ ﻭ ﺒﻴﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻴﻀﺎ ﻤﺩﻯ ﺘﺄﺜﻴﺭ ﺍﻻﺯﺩﺤﺎﻡ ﺩﺍﺨل ﺍﻟﻤﻨﺯل )ﺍﻟﻌﺩﺩ ﺍﻟﻜﻠﻲ ﻟﻸﻓﺭﺍﺩ ﺍﻟﺫﻴﻥ ﻴﺴﻜﻨﻭﻥ ﻓﻲ ﻨﻔﺱ ﺍﻟﺒﻴﺕ( ﻋﻠﻰ
ﻨﻘﺹ ﺍﻟﺯﻨﻙ ) .(P= 0.032)، (OR= 0.279), (CI= 0.082- 0.948ﻜﻤﺎ ﻭ ﺃﺸﺎﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﺸﺎﺭﺓ ﻭﺍﻀﺤﺔ ﺒﺄﻥ ﻟﻠﻔﻘﺭ
ﺘﺄﺜﻴﺭ ﻜﺒﻴﺭ ﻋﻠﻰ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﻗﺼﻴﺭﻱ ﺍﻟﻘﺎﻤﺔ.(OR=2.837), (CI= 1.204- 6.686) ،(P= 0.015)،

v

ﺃﺸﺎﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻟﻰ ﺃﻥ ) (75.4%ﻤﻥ ﺍﻷﻁﻔﺎل ﻗﺼﻴﺭﻱ ﺍﻟﻘﺎﻤﺔ ﺍﻟﺫﻴﻥ ﺘﻡ ﻓﻁﺎﻤﻬﻡ ﻴﻌﺎﻨﻭﻥ ﻤﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ،ﻭ ﺒﻴﻥ ﺍﻟﺘﺤﻠﻴل
ﺍﻹﺤﺼﺎﺌﻲ ﻭﺠﻭﺩ ﻋﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺤﺼﺎﺌﻴﺔ ﺒﻴﻥ ﺍﻟﻔﻁﺎﻡ ﻭﻨﻘﺹ ﺍﻟﺯﻨﻙ (OR= 0.368) (CI 0.154 – (P= 0.021),
)0.876
ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﺍﻟﻌﺎﺩﺍﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻟﻬﺎ ﻜﺒﻴﺭ ﺍﻷﺜﺭ ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ،ﺤﻴﺙ ﺃﻥ ﻀﻌﻑ ﺍﻟﺸﻬﻴﺔ ﺃﻭ ﻓﻘﺩﺍﻨﻬﺎ
ﻴﺭﺘﺒﻁ ﺍﺭﺘﺒﺎﻁﺎ ﻭﺜﻴﻘﺎ ﺒﻨﻘﺹ ﺍﻟﺯﻨﻙ ،ﺤﻴﺙ ﻅﻬﺭ ﺫﻟﻙ ﺒﺎﻟﺩﻻﻟﺔ ﺍﻹﺤﺼﺎﺌﻴﺔ ) (P= 0.000) ،(P= 0.013ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ ﻓﻲ ﺤﺎﻻﺕ
ﺍﻟﺩﺭﺍﺴﺔ ﻭﺍﻟﻤﺠﻤﻭﻋﺔ ﺍﻟﻀﺎﺒﻁﺔ .ﻜﻤﺎ ﺃﻨﻪ ﻜﺎﻥ ﻤﻥ ﺍﻟﻭﺍﻀﺢ ﺒﺄﻥ ﺯﻴﺎﺩﺓ ﻋﺩﺩ ﺍﻟﻭﺠﺒﺎﺕ ﺍﻟﻴﻭﻤﻴﺔ ﺍﻟﺘﻲ ﻴﺘﻨﺎﻭﻟﻬﺎ ﺍﻷﻁﻔﺎل ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ
ﺍﻟﻀﺎﺒﻁﺔ ﻟﻬﺎ ﻋﻼﻗﺔ ﺒﺯﻴﺎﺩﺓ ﻨﺴﺒﺔ ﺍﻟﺯﻨﻙ ﻟﺩﻴﻬﻡ ) (CI= 2.117- 22.849) ،(OR= 6.955) ،(P= 0.000ﻭﻤﻥ ﺍﻟﺠﺎﻨﺏ
ﺍﻷﺨﺭ ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﻗﻠﺔ ﻋﺩﺩ ﺍﻟﻭﺠﺒﺎﺕ ﺍﻟﺨﻔﻴﻔﺔ ﺍﻟﺘﻲ ﻴﺘﻨﺎﻭﻟﻬﺎ ﺍﻷﻁﻔﺎل ﻓﻲ ﻜﻠﺘﺎ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺘﺭﺘﺒﻁ ﺍﺭﺘﺒﺎﻁﺎ ﻭﺜﻴﻘﺎ ﺒﻨﻘﺹ
ﺍﻟﺯﻨﻙ ﻟﺩﻴﻬﻡ ) (OR= 2.316), (CI= 1.098- 4.884)(P= 0.026ﻭﺃﻴﻀﺎ )1.055- (OR= 3.580) (P=0.032
)(CI= 12.146ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ ،ﻭﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻴﻀﺎ ﺒﺄﻥ ﻋﺩﺩ ﻤﺭﺍﺕ ﺘﻨﺎﻭل ﻜل ﻤﻥ ﺍﻟﺤﻠﻴﺏ ﻭ ﺍﻟﻠﺤﻭﻡ ﻭﺍﻟﺒﻘﻭﻟﻴﺎﺕ ﻟﻬﺎ ﺘﺄﺜﻴﺭ
ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺍﻷﻁﻔﺎل .ﻭﻓﻲ ﻨﻔﺱ ﺍﻟﺴﻴﺎﻕ ﺃﻜﺩ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻤﺩﻯ ﺘﺄﺜﻴﺭ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺘﻨﺎﻭل ﺍﻟﺒﻘﻭﻟﻴﺎﺕ ﻋﻠﻰ ﻨﻘﺹ
ﺍﻟﺯﻨﻙ ﻭﻅﻬﺭ ﺫﻟﻙ ﺒﺎﻟﺩﻻﻟﺔ ﺍﻹﺤﺼﺎﺌﻴﺔ ).(CI= 1.280-1.874 ) (OR= 1.549)، (P= 0.000
ﻜﻤﺎ ﺒﻴﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻟﻪ ﺘﺄﺜﻴﺭ ﻜﺒﻴﺭ ﻋﻠﻰ ﻜل ﻤﻥ ﻗﺼﺭ ﺍﻟﻘﺎﻤﺔ ﻭ ﺍﻹﺴﻬﺎل ﻭﺍﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﺠﻬﺎﺯ ﺍﻟﺘﻨﻔﺴﻲ ﺍﻟﻤﺘﻜﺭﺭﺓ .ﺤﻴﺙ
ﺃﻭﻀﺤﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺄﻥ ﻫﻨﺎﻙ ﻋﻼﻗﺔ ﺇﺤﺼﺎﺌﻴﺔ ﻜﺒﻴﺭﺓ ﺒﻴﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻭﻗﺼﺭ ﺍﻟﻘﺎﻤﺔ ،ﻭﻅﻬﺭ ﺫﻟﻙ ﺒﺎﻟﺩﻻﻟﺔ ﺍﻹﺤﺼﺎﺌﻴﺔ ﺍﻟﺘﺎﻟﻴﺔ ) =P
 ،(CI= 9.191- 34-844) ،(OR= 17.895) ،(0.000ﻜﻤﺎ ﻭ ﺒﻴﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻤﺩﻯ ﺘﺄﺜﻴﺭ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻋﻠﻰ ﺍﻹﺼﺎﺒﺔ
ﺒﺎﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﺠﻬﺎﺯ ﺍﻟﺘﻨﻔﺴﻲ ﺍﻟﻤﺘﻜﺭﺭﺓ ﺤﻴﺙ ﻜﺎﻨﺕ ﺍﻟﺩﻻﻟﺔ ﺍﻹﺤﺼﺎﺌﻴﺔ ) .(CI= 0.130- 734) ،(OR= 0.220) ،(P= 0.00ﻭﻗﺩ
ﺃﻜﺩ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻫﺫﻩ ﺍﻟﻨﺘﺎﺌﺞ .ﻜﻤﺎ ﺃﺜﺒﺕ ﺘﺤﻠﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻤﺩﻯ ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻭﺍﻹﺼﺎﺒﺔ ﺒﺤﺎﻻﺕ ﺍﻹﺴﻬﺎل ﺍﻟﻤﺘﻜﺭﺭﺓ
ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﻭﻅﻬﺭ ﺫﻟﻙ ﺒﺎﻟﺩﻻﻟﺔ ﺍﻹﺤﺼﺎﺌﻴﺔ ).(CI= 268- 802) ،(OR= 0.465) ،(P= 0.006
ﻟﻘﺩ ﺴﺎﻫﻤﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺘﺴﻠﻴﻁ ﺍﻟﻀﻭﺀ ﻋﻠﻰ ﺃﻫﻡ ﺍﻟﻤﺨﺎﻁﺭ ﺍﻟﺼﺤﻴﺔ ﺍﻟﺘﻲ ﻗﺩ ﺘﺼﺎﺤﺏ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﺩﻭﻥ ﻋﻤﺭ 3
ﺴﻨﻭﺍﺕ ،ﻭﺍﻟﺘﻲ ﺘﺘﻁﻠﺏ ﺇﻴﺠﺎﺩ ﻭﺘﻁﺒﻴﻕ ﺍﺴﺘﺭﺍﺘﻴﺠﻴﺎﺕ ﻤﻥ ﺸﺄﻨﻬﺎ ﺍﻟﻘﻴﺎﻡ ﺒﺩﻭﺭ ﻤﻬﻡ ﻓﻲ ﺘﻘﻠﻴل ﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ ﻨﻘﺹ ﺍﻟﺯﻨﻙ ،ﺍﻷﻤﺭ ﺍﻟﺫﻱ ﻤﻥ
ﺸﺄﻨﻪ ﺃﻥ ﻴﻘﻲ ﺍﻷﻁﻔﺎل ﻤﻥ ﺍﻹﺼﺎﺒﺔ ﺒﺎﻟﻤﺸﺎﻜل ﺍﻟﺼﺤﻴﺔ ﺍﻟﺘﻲ ﺘﺼﺎﺤﺏ ﻨﻘﺹ ﺍﻟﺯﻨﻙ.
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Ard El Insan Palestinian Benevolent Association
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community-acquired alveolar pneumonia

CEBM

Centre for Evidence-Based Medicine

CI

Confidence Interval
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Demographic and Health Surveys

DNA

Deoxyribonucleic Acid

FAO

Food and Agriculture Organization
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International Atomic Energy Agency

IZiNCG

International Zinc Nutritional Consultative Group
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Investor Relations Information Network

MSP

Medical Services for Police and general security

µg/dl

Microgram per deciliter

MOH

Ministry of Health

MEnA

Ministry of Environmental Affairs

NGOs

Nongovernmental Organizations

OR

Odds Ratio

PCBS

Palestinian Central Bureau of Statistics

PCHR

Palestinian Centre for Human Rights

PHC

Primary Health Care

RDA

Recommended Dietary Allowance

RNA

Ribonucleic Acid

RTI

Respiratory Tract Infection

SPSS

Statistical Package for Social Sciences

SZL

Serum Zinc Level

UNDP

United Nations Development Program

UNICEF

United Nations International Children's Emergency Fund

UNRWA

United Nations Relief and Works Agency for Palestine Refugees

WHOSIS

WHO Statistical Information System

WHO

World Health Organization
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Chapter 1
Introduction
This chapter aims to give an introductory background about the study. This chapter
includes the research background, problem statement, justification of the study and
research objectives. Moreover, this chapter presents the context of the study.

1.1 Research Background
Zinc deficiency has gained attention recently as the etiology of stunting.

World Health

Organization (WHO) has identified zinc deficiency as a major risk to child health (WHO,
2002).

The risk of zinc deficiency is considered to be high and a public health concern

when the prevalence of low serum zinc concentrations is more than 20% (IZiNCG 2007 a).
Zinc deficiency is a global problem; about 48% of world population is at risk of zinc
deficiency (Brown et al., 2001). The prevalence of zinc deficiency was 7% in East Asia,
79% in south Asia, 10% in East Europe, 33% in Latin America, 46% in Middle East and
North Africa, 50% in Sub-Saharan Africa and 5% in high-income countries (Disease
Control Priorities in Developing Countries, 2006). In many low-income countries, diets
are composed primarily of cereals and legumes, which contain phytate that inhibit zinc
absorption (Mary, 2009).
There are no statistical data about zinc status among children in Palestine. Poverty in
Palestine, which reaches 70% (PCBS, 2009), surely could be a major cause of citizen's
inability to obtain food-containing zinc. For this reason, the prevalence of zinc deficiency
is thought to be widespread in Gaza Strip.
Zinc is not limited to few functional roles. Given the multiple roles of zinc in DNA
replication, DNA transcription, endocrine function and metabolic pathways, it is not
surprising that the state of zinc affects growth and development.

Zinc deficiency is

associated with poor growth and presumed to be the underlying cause of stunting (Brown
et al., 2002). Zinc supplementation increases linear growth in stunted children, which
suggests that these high rates of stunting may be due in part to zinc deficiency (Romana et
al., 2005).
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Stunting is defined by the WHO as the gaining of insufficient height relative to age (WHO,
1995). Stunting is measured when children have Z-scores of height-for-age below -2
standard deviation (SD) (NCHS, 1987). Stunting is one of the major health problems
especially among toddlers. This period of children life, which begins after 12 months of
age, is so important, because it is characterized by rapid growth and complementary food
are being introduced to children. The prevalence of stunting is generally higher during the
second and third years of life (WHO, 1996 a). WHO considers a prevalence of stunting
that is greater than 20% of population as an indicator of a public health concern (IZiNCG
2004). Growth stunting continues to be highly prevalent among children in low-income
countries and it is among the highest in the world. In 2000, 32.5% of children less than 5
years old in developing countries were stunted (Administrative Committee on
Coordination/Subcommittee on Nutrition ACC / SCN 2000); despite the fact, that in some
regions of the world there is a downward trend. In 2005 the results of estimated global
prevalence was 29% of children less than 5 years of age are stunted worldwide (WHOSIS
2006, and Demographic and Health Surveys DHS, 2006).
The prevalence of stunting among Palestinian children less than five years in 2006 was
13.2% in Gaza Strip and 7.9 % in West Bank. North Gaza governorate had the highest rate
29.6 % compared to the rest of the governorates (Palestinian National of Statistics 2008),
but according to John Hopkins study (JHS), the prevalence of stunting among children
aged 6-59 months was 11.5 % in Palestine in 2002 (17.5 % in Gaza Strip, and 7.5 % in
West Bank) (MOH, 2002).
A high rate of stunting is considered as an indicator of zinc deficiency among children less
than 5 years (Brown et al., 2004). WHO defined zinc deficiency as one of the major risk
of child health. In this report zinc deficiency was linked to 10 % of diarrhea, 6 % of lower
respiratory tract infection, and 18 % of malaria morbidity and accounts for 0.8 million
deaths a year (WHO, 2002).

1.2 Problem Statement
Malnutrition remains a common health problem among children under 5 years worldwide.
In the past, malnutrition was thought to be primarily due to insufficient intake of
macronutrients, but micronutrients seemed to play also an important role. During the past
two decades, deficiencies of three micronutrients have received the attention globally,
2

namely the iodine, vitamin A and iron (FAO/WHO, 2002). Palestinian Ministry of Health
dispenses iron supplementation and vitamin A and D supplementation as a policy at the
first year of children's life for all infants since 2001 (MOH, 2009). Supplements of zinc as
micronutrient may be very important, because zinc deficiency is associated with stunting
and poor growth (Brown et al., 2002).
In Palestine, anthropometric measurements were measured routinely for all infants from
birth to 18 months of age. In MOH, there is no database about zinc deficiency or stunting.
Therefore, this study tries to answer the question that is still an open question; is there a
relationship between stunting and zinc deficiency among toddlers aged 1-3 years in Gaza
Strip?

1.3 Justification of the study
From the researcher observation of child growth chart in primary health care, and his
multi-visits to Ard El Insan Palestinian Benevolent Association,

it was noticed that

several children are stunted. On the other side, the extent of zinc deficiency among
toddlers remains unknown whereas there are no previous studies conducted in Gaza
Governorates. To the best of my knowledge, no previous studies were conducted on the
relationship between stunting and zinc deficiency in Palestine.

Stunting is largely

irreversible after the second to third year of a child’s life and can be linked to increased
morbidity and mortality (FAO/WHO, 2002). There is an urgent need to have information
for database, in order to find out the state of zinc, stunting and to study the presence of
some complication. The study results can help policy makers to develop strategies to
overcome this problem.

1.4 Research objectives
1.4.1 General objective
To find the relationship between stunting and zinc deficiency among toddlers aged 1-3
year in Gaza Strip.

1.4.2 Specific objectives
1. To determine the magnitude of zinc deficiency among stunted toddlers.
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2. To study the effect of socioeconomic variables on the relationship between stunting
and zinc deficiency among toddlers.
3. To determine the relationship between breast-feeding, weaning age and zinc
deficiency among stunted toddlers.
4. To examine whether recurrent episodes of diarrhea and respiratory tract infections
influence the relationship between stunting and zinc deficiency.
5. To introduce recommendations to the policy makers for adopting new strategies to
prevent zinc deficiency and stunting.

1.5 Research Hypothesis
1. There is a relationship between stunting and zinc deficiency among toddlers.
2. There is a relationship between the effect of socioeconomic variables on the
relationship between stunting and zinc deficiency.
3. There is a relationship between breast feeding, weaning age and zinc deficiency
among stunted toddlers.
4. There is a relationship between recurrent episodes of diarrhea, respiratory tract
infection, stunting and zinc deficiency.

1.6 Context of the study
In order to understand and to be aware about the factors that may have an influence on the
relationship between stunting and zinc deficiency among toddlers in Gaza Strip, the
researcher introduce the following characteristics that may have an effect on this
relationship.

1.6.1 Demographic context
Today Palestine comprises two areas that are geographically separated (Annex 2): West
bank and Gaza Strip (MOH, 2006). The population size in Palestine was estimated at
3,762,005 individuals in 2005 with 625 per sq. Km. (MOH, 2006). Out of the total number,
37% live in Gaza Strip and 63% live in West Bank.
Gaza Strip is a narrow zone land bounded of the south by Egypt, on the west by
Mediterranean Sea, and on the east by the Negev desert (Annex 2). Gaza Strip is a very
crowded place with an area that equals 365 sq. Km. and considered as the second most

4

populated place on earth after Hong Kong (World Bank, 2002).

In Gaza Strip, the

population density is 3,808 /km2 that comprise the main five governorates. North of Gaza,
Gaza City, Mid-Zone, Khan-younis and Rafah constitute 17%, 20.3%, 15%, 30.5%, and
16.2% of total area of Gaza Strip respectively, and the population density is 4.360 /km2,
6.593 /km2, 3.467 /km2, 2.496 /km2, 2.582 /km2 respectively (MOH, 2006).

1.6.2 Parent's level of education
According to PCBS, it was established that 20.4 % of fathers and 11.1 % of mothers
completed the first university degree, and the illiteracy percent among fathers was 0.2 %
and 0.22 % among mothers. The main finding showed that the literacy rate is 92.9 %
among individuals aged 15 years and over in Palestinian territory. This rate varies between
males and females. It was 96.9 % for males and 88.9 % for females (PCBS, 2006).

1.6.3 Environmental Health Situation
Gaza Strip has a subtropical climate with four seasons. It is float and sandy with little
fertile soil. The average rainfall is 405.1 mm per year (PCBS, 2007). Gaza Strip altitude is
0- 40 meters above sea level.

The environment of Gaza Governorates suffers from

considerable constrains. Shortage and pollution of resources, coupled with very high
population growth, few job opportunities and long years of negligence have created many
environmental health hazards (MEnA, 2000). The partially treated waste water and raw
sewage end up in Mediterranean Sea. Some of partially treated sewage end up in the
ground also, in some cases reaching the aquifer, polluting Gaza's already poor drinking
water supply (IRIN, 2009).
The main source of water in Gaza Governorates is the underground water in the coastal
aquifer. The groundwater is used for domestic, as well as for irrigation and industrial
purposes. A water shortage, water pollution with high salinity and micro-pollutants, lack
of sewage and solid waste treatment, marine pollution, overcrowding, poverty and
uncontrolled use of pesticides are the most pressing environmental health problems in
Gaza Strip. In general, these environmental problems have multiplied the Palestinian
human environment socioeconomic problems while increasing health hazards (Safi, 1998).
UNDP reported that Israeli attacks have increased Gaza’s environmental and human life
problems. These attacks also have created new problems for Gaza. According to UNDP,
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unlimited embargos and attacks have caused human life in Gaza to toll alarm bells (Sol
English, 2009).

1.6.4 Economical Situation
Gaza Strip is very poor area, its economy is mainly dependent upon agriculture, livestock
rising, fishing, small industry and governmental employments. The conditions in the Gaza
Strip had exacerbated the humanitarian situation for Palestinian civilians. Unemployment
and poverty rates have increased dramatically.

The Gaza economy has been greatly

affected during the last six years due to a combination of unemployment, closures, and
restrictions placed on workers and industries. Unemployment in Gaza reaching alarmingly
high levels (PCHR, 2006). It was reported that unemployment rates in Gaza Strip reached
65 %, and that poverty rates get up to 80%, due to the ongoing Israeli-led siege and
repeated assaults (Bannoura, 2009). Furthermore, 80 % of the residents in Gaza depend on
humanitarian aid provided by different relief groups such as the World Food Program and
the UNRWA. The ongoing siege forced 96 % of the factories and industrial areas in Gaza
Strip to shut down as the closure of border terminals blocked exports and also blocked
imports of tools and equipment needed by the factories to continue the production process
(Bannoura, 2009).

1.6.5 Health Care System and health indicators
MOH has been fully responsible for the management of health services in the Palestinian
Territories since the transfer of responsibilities from the Israeli civil administration to the
Palestinian authority in 1994 (World Health Assembly, 2005). UNRWA, MSP, and other
nongovernmental organizations (NGOs) are considered as second hand providers of health
services in Palestine (MOH, 2003). Palestinian health care system mainly includes eight
components, which are Primary Health Care, laboratories and blood banks, Hospitals,
health human resources, health finance, governmental health insurance, treatment abroad,
and health projects (MOH, 2005).
In Palestine, the crude birth rate (CBR) in 2006 was 36.7 births per 1000. In Gaza Strip,
the CBR is 41.7 per 1000, but in West Bank was 33.7 per 1000 (PCBS, 2008). The crud
death rate (CDR) in 2006 was 3.9 deaths per 1000. The CDR in Gaza Strip was 3.8 and
4.0 in West Bank (PCBS, 2008).

The leading causes of adult death are similar to
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developed countries including cardiovascular diseases and cancers with a high prevalence
of stress and psychological trauma related diseases. On the other hand, diseases of poverty
are still prevalent such as respiratory infections and diarrhea diseases that remain important
causes of child mortality and morbidity (MOH, 2005).

1.6.5.1 Hospitals in Palestine
In Palestine, the secondary healthcare services are provided by governmental, nongovernmental, UNRWA, and private sector. MOH is the main provider of secondary
health care services and some of the tertiary care (MOH, 2003). Despite the availability of
maternal departments in the general hospitals, MOH does not own any obstetrics or
gynecology hospitals. All rehabilitation centers are owned and operated by NGOs. The
MOH owns and operates 22 hospitals, 10 in Gaza Strip and 12 in West Bank (MOH,
2005).

1.6.5.2 Primary Health Care (PHC)
Primary Health Care (PHC) is one of the most important components of the Palestinian
health care system. PHC centers provide accessible and affordable health services for all
Palestinians, especially for children and other vulnerable groups. MOH is working with
other health sectors in providing the primary health services, mainly UNRWA and NGOs
(MOH, 2005).
The total number of registered PHC centers in Palestine is 731 centers. Distribution by
provider shows that, there are 413 centers owned and supervised by the MOH, 53 centers
by the UNRWA and NGOs have 265 centers. In Palestine, the average ratio of persons per
center is 4.976 (MOH, 2004).

1.6.5.3 Non-Governmental Organizations (NGOs)
NGOs are considered as second providers of health services in Palestine (MOH, 2003). In
2004, the health sector in NGOs owns and operates 265 mini PHC centers in Palestine.
Some centers include medical laboratories to perform simple diagnosis, and many
pharmacies that provide the attendants with low cost medication. Services of child health
departments are mainly directed to children who complain from metabolic and nutritional
problems (MOH, 2004). One of the important NGOs is Ard El Insan Palestinian

7

Benevolent Association (AEPBA).

It is a Gaza based Palestinian non-governmental

organization primarily dealing in the field of nutrition. AEPBA provides nutritional and
health services to the most needy and marginalized children under five, their mothers and
families. Two community health and nutrition rehabilitation centers in Gaza and Khan
Younis city provide curative, preventive and educational health services to beneficiaries in
these areas. In addition, each center conducts a community-based program targeting
vulnerable areas in different locations such as refugee camps, villages and deprived and
rural areas (AEPBA, 2006). Over the years, AEPBA has become the leading health
community and nutrition services provider in the Gaza Strip. This has been achieved
through adopting consistent technical intervention strategies in the following fields :
medical intervention, nutrition therapy, counseling, health and nutrition awareness ,
psychological support, promote household food security, promotion of breast-feeding,
emergency intervention, training, advocacy and exchange of information, as well
conducting researches related to nutrition, community, and environmental health (AEPBA,
2006).
AEPBA vision "Vulnerable and poor families reach a high level of nutrition and health
through providing a high quality of services consistent with the international criteria".
While AEPBA mission "To provide health, nutrition, and psychosocial services for
children and mothers of poor and marginalized families so as to improve their health and
livelihoods" (AEPBA, 2006).
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Chapter 2
Literature Review
In this chapter, the researcher provides the conceptual framework and previous studies,
which identify the main concepts and variables related to the study.

2.1 Conceptual framework
For seeing the Forest before becoming immersed in the trees, the researcher provides
framework for this study. The study framework identifies the most common confounding
variables, which may affect the relationship between zinc deficiency, and stunting.
Recently, it is reported that zinc deficiency correlated to stunting, but there are many
confounding variables such as socioeconomic variables, diarrhea and respiratory tract
infection, which affect the relationship between zinc deficiency and stunting. Stunting
occurs over time, and that means a child has debilitating cycles of illness, insufficient food
and inadequate care. Inadequate feeding and repeated illness are associated with stunting
in the children. This vicious cycle is itself a result of poverty and the consequent inability
of families to adequately care for their children. Where poverty is the highest rate in Gaza
Strip; stunting is a well-established child health indicator for chronic malnutrition related
to socio-economic circumstances (WHO, 1995 and WHO, 1996 b), also zinc deficiency is
related to inadequate intake of zinc rich diet and it is a widespread nutritional problem
affecting populations of low social economic status in developing countries (Prasad, 1991
and Amaya et al., 1997). Although massive losses of zinc during diarrhea may also be a
contributor (Gibson, 1994 and WHO, 1996 c). Fecal zinc excretion is elevated during
acute diarrhea (Castillo et al., 1988). Diarrhea is an important cause of death and illness
among children in developing countries; however, it remains controversial whether
diarrhea leads to stunting. Zinc deficiency has been associated with reduced growth and
impaired immunity. Impairment of immunity may lead to increased prevalence and
incidence of infectious diseases (diarrhea and respiratory tract infection) among children in
developing countries (Brown et al., 1998 and Bhutta et al., 1999. Bahl et al., 1998). A
conceptual framework will be used to organize confounding variables and to provide
guidance to study.
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The diagram below shows the relationship between zinc deficiency and stunting. The same
diagram shows two groups of factors that could be confounders for the relationship are
demonstrated. The first group is socioeconomic variables and the second group is dealing
with common pediatric infections, diarrhea and respiratory tract infection.

Zinc

Stunting

deficiency

Socioeconomic status
•
•
•
•

Crowding
Family members
Sanitation
Poverty

Infection
• Diarrhea
• Respiratory Tract
Infection

2.2. Zinc overview
Zinc is a lustrous bluish-white metallic element (atomic number 30, atomic weight 65.4),
belongs to IIb group of the periodic table. Zinc makes up about 0.02% of the earth’s crust
and is the twenty third most abundant elements (Lenntech, 2008). Zinc is one of the most
common elements in the world as it naturally occurs in the earth's crust and is found in air,
soil, water, and is present in most food. Drinking water also contains certain amounts of
zinc, which may be higher when it is stored in metal tanks. Industrial sources or toxic
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waste polluted drinking water and can reach levels that cause health problems (Lenntech,
2008).
Zinc is an essential micronutrient. The best source for zinc in the diet are meat, fish and
shellfish, eggs, dairy products, nuts and whole meal grains. The bioavailability of zinc
from animal products is greater than that from plants (Gandy et al., 2006). Zinc is the most
abundant trace element that can be found in all tissues of the body except red blood cells.
Zinc is essential for cell growth; it contributes in the production of enzymes necessary for
the synthesis of RNA and DNA; furthermore, it is important in immune response (Gandy
et al., 2006). The Recommended Dietary Allowance (RDA) for young children aged 7-36
months is 3.0 mg per day (Office of Dietary Supplements, 2006). Zinc average daily
intakes for children aged 7 months to 3 years is 5 mg (Henderson et al., 2003). A daily
intake of zinc is required to maintain a steady state because the body has no specialized
zinc storage system (Rink and Gabriel, 2000).
Zinc primarily enters the body through the mouth (orally) in food, water or by small soil or
dust particles. Zinc can also be inhaled (from zinc smelting or welding operations) and is
less commonly absorbed through the skin (Ontario Ministry of the Environment, 2004).
Zinc is released from food as free ions during digestion. These liberated ions may then
bind to endogenously secreted ligands before their transport in to the enterocytes in the
duodenum and jejunum (Cousins, 1996). Specific transport proteins may facilitate the
passage of zinc across the cell membrane into the portal circulation. With high intakes,
zinc is also absorbed through a passive paracellular route (Mahon and Cousins, 1998). The
portal system carries absorbed zinc directly to the liver, where it is taken up rapidly and
released into the systemic circulation for delivery to other tissues. About 70% of zinc in
circulation is bound to albumin. Although serum zinc represents only 0.1% of the whole
body zinc, the circulating zinc turns over rapidly to meet tissue needs (Cousins, 1996).
During fasting, serum zinc concentrations rise due to release by muscle during catabolism;
following meals, serum zinc levels decline progressively (King et al., 2000). Loss of zinc
through gastrointestinal tract accounts for approximately half of zinc eliminated from the
body. Considerable amount of zinc is secreted through the biliary and intestinal secretions,
but most of it is reabsorbed and this process is important for maintenance of zinc balance
(King et al., 1999).
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2.3 Risk factors associated with zinc deficiency and stunting
2.3.1 Zinc rich food intake
Zinc deficiency is a common nutritional problem in developing countries.

Recent

population level analyses from food balance sheets have estimated that 21 % of the world’s
population was at risk from zinc deficiency. Children especially in developing countries
are suffering from zinc deficiency due to chronic inadequate intake of zinc rich food
(Brown et al., 2004)
Stunting is a sign of chronic under-nutrition. The long-term consequences of stunting in
early life are the major reason why the populations in developing communities are on
average shorter than those in developed communities. The main and immediate causes of
children’s growth failure are a lack of adequate food and the high incidence of infectious
disease. Poverty is the major cause of inadequate food intake (Golden, 1994).
Zinc deficiency may occur due to inadequate diet intake or due to diets inadequate in
bioavailability of zinc. Millions of people throughout the world may have inadequate
levels of zinc in the diet due to limited access to zinc-rich foods (animal products, oysters
and shellfish) and the abundance of zinc inhibitors, such as phytates, common in plantbased diets (Sandstead, 1991). The distinction between intake and absorption is important,
because although some intakes of zinc may be acceptable, the levels of inhibitors (e.g.
fibers and phytates) in the diet may mean that inadequate amounts of zinc are absorbed.
For this reason, zinc requirements for dietary intake are adjusted upward for populations in
which animal products, the best sources of zinc, are limited, and in which plant sources of
zinc are similarly high in phytates. It should be noticed that, the WHO recommendations
assume that a fully breastfed infant under six months of age is able to meet zinc needs from
breast-milk alone (WHO, 1996 c).
WHO (1996 c) used a factorial approach to estimate the average basal and normative zinc
requirements, and reported that populations with inadequate intakes of zinc were likely
widespread throughout the world, but concentrated in areas of the world consuming plantbased diets in which zinc has only of low to moderate bioavailability. Based on this
approach, it was concluded that zinc deficiency is largely related to inadequate intake or
absorption of zinc from the diet.
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Ugwuja et al., (2007) investigated the effect of protein-energy malnutrition on serum zinc
and copper among 30 malnourished pre-school-age children (age, 0-60 months) and 30
healthy well-nourished controls. They found that mean serum zinc and copper were
significantly reduced (P<0.05) in malnourished than in well-nourished children. This
study showed that malnourished children have deficient serum zinc and copper with
anemia. They recommended for effective management of protein-energy malnutrition,
zinc and copper supplementation should be part of treatment regimen, however, in order to
prevent zinc and copper deficiency and its health complications in pre-school age children,
food fortification should be promoted.
Kapur et al., (2005) investigated the dietary intakes and growth pattern of children aged 936 months in an urban slum in Delhi. The results showed that the intake of cereals, roots,
green leafy vegetables, other vegetables, fruits, sugar, fats and oils among children was
grossly inadequate. The evidence from the study provides a strong basis to suggest low
food intake as the main cause of under/malnutrition and growth retardation (stunting) in
early childhood in poor communities.
Kapil et al., (2003) assessed the status of SZL amongst tribal population in India. It was
reported that 52.9% of tribal population had deficiency of zinc as revealed by their mean
serum level. This was possibly because of low dietary intake of rich zinc food. The main
staple diet was rice and maize. It is known that zinc deficiency is high in populations who
consume rice based diets because cereal proteins have low bioavailability of zinc.

2.3.2 Breast-feeding and weaning age
Breast-milk is the only dietary source of zinc for exclusively breastfed young infants, and
it remains a potentially important source of zinc for older infants and young children who
continue breastfeeding beyond early infancy. Before 2001, the WHO recommended that
infants be exclusively breastfed for 4–6 months with the introduction of complementary
food (any fluid or food other than breast milk) thereafter. In 2001, this advice was
changed, and exclusive breastfeeding is now recommended for the first 6 months of life. In
recent years, the focus of infant nutrition research has fundamentally shifted in emphasis
because of increasing human evidence that early nutrition in this vulnerable period of life
has profound biological effects and important consequences for both short-term and longterm health. Scientific research on the effects of early nutrition has largely focused on
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breastfeeding. Our religion Al Islam recommended that, the breastfeeding should be
continued until the second year of age (The Holy Quran).
Brown et al., (2009) determined the dietary intervention strategies to enhance zinc intake
by promotion and support of breastfeeding for infants and young children. They examined
breast-milk zinc concentration and total milk consumption to estimate the amount of zinc
transferred through breast-milk to children of different ages.

Breast-milk zinc

concentration declines rapidly during the first few months postpartum and more slowly
thereafter. Breast-milk supplies all of the theoretical zinc needs for at least the first several
months of life, although the period during which breast-milk alone remains sufficient is
uncertain. Breast-milk continues to provide more than half of children's zinc requirements
after the introduction of complementary food, even into the second year of life.
Eneroth et al., (2009) studied the duration of exclusive breastfeeding and infant iron and
zinc status in rural Bangladesh.

The association between duration of exclusive

breastfeeding and infant iron and zinc status was not associated with concentration of
plasma ferritin, Hb concentration, or prevalence of iron deficiency or anemia in any
subject. Regardless of exclusive breastfeeding duration, the prevalence of zinc deficiency,
iron deficiency, and anemia was high in infants in this population.
Persson et al., (2007) analyzed whether 12-month-old Swedish infants who have been
received iron-fortified and relatively zinc-rich food according to RDA have adequate iron
and zinc status. No clear association between feeding pattern and iron and zinc status was
found. The results indicate that in a group of healthy, well growing 12-month-old Swedish
infants one-quarter is iron-depleted, although iron deficiency anemia is rare, and one-third
may be zinc-depleted. The high cereal intake of Swedish infants from 6 months of age
may have limited the bioavailability of both iron and zinc from the diet.
Krebs (2007) demonstrated that the food choice to meet nutritional needs of breastfed
infants and toddlers is mixed diets. The author found that the complementary food met
nutrient needs depended on the types of food.

One criterion for the selection of

complementary food was that they be rich sources of zinc and iron whose requirements
were not met by exclusive breastfeeding after approximately 6 month. For an exclusively
breastfed 7 month-old infant, human milk provides approximately 0.5 mg of zinc, and a
little over half of that is absorbed.

Meats and liver have greater zinc and iron
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concentrations than unfortified plant food and have been shown to have good acceptance
by 7-month-old infants. In contrast to current practices in both developed and developing
countries, meats should be considered as an early complementary food for breastfed infants
to provide essential micronutrients.
Umeta et al., (2003) illustrated the factors associated with stunting in infants aged 5-11
months in rural Ethiopia. Cross-sectional study was conducted to estimate malnutrition
and identify factors associated with the high level of stunting in breast fed infants aged 511 months. The highest prevalence of malnutrition was seen in infants aged 9-11 months.
Infants fed more than 3 times daily, consuming more than 600 ml daily or consuming
cow's milk in addition to cereals and/or legumes had markedly higher length for age Zscores than their peers fed less frequently, consuming less food or not consuming cow's
milk. Infants of mothers with low concentrations of zinc in their breast-milk were more
stunted. The quality and quantity of food consumed by infants was insufficient to prevent
stunting.

Thus, it was recommended to increase the nutrient supply to infants by

increasing intake of complementary food with high nutrient concentration and providing
supplements.
Onyango (2000) examined the effect of variable breastfeeding duration on length and
weight gain. The study was conducted in a rural community of western Kenya. The
author reported that the communities where breastfeeding continued into the second year
were norm. A significant number of toddlers were weaned before the recommended age.
Breastfeeding was positively associated with growth in a manner that may be causal, the
effect being stronger on linear growth than on weight gain. Based on a locally defined
socioeconomic status scale, children in higher socioeconomic status households were
breastfed for a shorter duration than those from poorer households. Sanitation and water
consumption modified the effect of breastfeeding duration on growth; the effect was
stronger in the absence of a pit latrine and at low water consumption. The results support
the recommendation to sustain breastfeeding in the second year, particularly in
economically depressed environments with inadequate sanitation and water supplies.

2.3.3 Socioeconomic status
Mortality rates and causes of death in children under age of five are an indicator of social
progress and inequalities within and between societies (Razum and Breckenkamp, 2007).
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The major causes of disease are malnutrition (Ezzati et al., 2002). It is well known that
socioeconomic and environmental conditions, in addition to the feeding patterns, are
important determinants of malnutrition in developing countries (Nyovani and Mpoma,
1997). Thus, the relationships between socioeconomic status, illness and death were
observed to be inverse, with morbidity and mortality concentrated in those at the lowest
end of the socio-economic scale (Zere and McIntyre, 2003). Many factors seriously affect
child growth status, especially in developing countries, such as: family size, educational
status, parent’s job, parents socio-economic status, knowledge about proper nutrition,
prenatal care, mother’s age, mother’s weight, newborn’s sex, etc. (Majlesi et al., 2001).
Abdalla et al., (2009) reported that socio-economic aspects influencing food consumption
patterns among children under age of five in rural area of Sudan. Cross-sectional study
was carried out to investigate some of the social and economic factors, which have a direct
and indirect effect on feeding patterns and nutritional status of children under age of five. It
was concluded that improvement in societal infrastructure, better maternal education and
knowledge about good nutrition were needed to maintain the children’s nutritional status in
several rural areas of Sudan.

2.3.3.1 Poverty
A growth-limiting, mild zinc-deficiency syndrome has been identified in children from
medium to low income families in developed countries (Walravens et al., 1989 and Gibson
et al., 1989). The problem of marginal zinc status was likely to be worse in children in
developing countries because of more general poverty, which resulted in inadequate zinc
intakes as a consequence of the predominance of vegetarian diets high in fiber and phytates
(Bates et al., 1993 and Ferguson et al., 1993).
Gross et al., (1996) identified the poverty when individuals or groups were not able to
satisfy their basic needs, such as food and drinking water, education, health services,
adequate housing, and socio-cultural life.

All factors contributing to poverty were

determinant to nutritional status. The phenomenon of stunting has been proposed as a
collective indicator for poverty, since a chronic state of nutrition insufficiency was
manifested as growth retardation. The authors demonstrated that Indonesian children have
the same genetic potential regarding body height as North American children. Therefore,
growth retardation in a population of Indonesian children was caused by environmental
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factors. The detection of stunting provided information concerning the magnitude and
severity of poverty, but did not identify the specific resources, which were lacking.
Authors concluded that a survey should include contributing indicators in addition to
stunting recording. In different Indonesian locations, the prevalence of stunting varied
between 22.6% (in Jakarta) and 68.8% (in West Kalimantan).
Anderson et al., (2008) conducted cross-sectional study in the Cambodia, to some of the
poorest families in the city. This study has determined the prevalence of anemia, as well as
iron, zinc, and vitamin A deficiencies and their co-existence among stunted children. The
participants were children aged 6 to 36 months who had no evidence of chronic disease but
were stunted. One of the most striking findings of this study was the very high prevalence
of co-existing micronutrient deficiencies among these stunted Cambodian children. Zinc
deficiency was most prevalent followed closely by anemia. The high prevalence of zinc
deficiency was not unexpected, since Cambodia is a country at high risk of zinc deficiency.
Reyes et al., (2004) studied the family as a determinant of stunting in children living in
conditions of extreme poverty.

A case-control study was conducted in two extreme

poverty level areas in Mexico, one urban and one rural.

Each area was analyzed

separately. The units of study were children between 6 and 23 months of age. In the rural
area, a greater risk of stunting was associated with father's occupation as farmer and the
presence of family networks for child care. The greatest protective effect was found in
children cared exclusively by their mothers. In the urban area, risk factors for stunting
were father with unstable job, presence of small social networks, low rate of attendance to
the Well Child Program activities, breastfeeding longer than six months, and two variables
within the family characteristics dimension (longer duration of parents' union and
migration from rural to urban area).
Conrad et al., (2006) examined the zinc status of low-income children in a major USA
metropolitan area. They used a cross-sectional study design to determine the prevalence of
zinc deficiency in low-income children aged 1-5 year in Atlanta. The result was that
anemic children had lower serum zinc compared to non-anemic children. No child with
low serum zinc had signs of acute illness, or history of chronic diarrhea. Of those who had
low serum zinc, 91.3% were African-American, 82.6% were enrolled in the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC), and 73.9%
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were less than 3 years old.

All of these children were consuming recommended mean

daily amount of zinc and iron based on available food records data. A total of 30.4% of
these children had height Z-scores < -1 compared to 20% of the children with normal
serum zinc. The study conclusion was a higher proportion than expected of disadvantaged
children in Atlanta was zinc deficient.
Kwun et al., (2009) assessed the impact of rapid economic growth and globalization on
zinc nutrition in South Korea. Cross-sectional food consumption data from the Korean
National Survey Reports of South Korea at four separate time points (1969, 1978, 1988
and 1998) were used to calculate zinc, calcium and phytate intakes using various food
composition tables, databases and literature values. Nutrient values in local food were cited
from their analyzed values. Dietary zinc depletion due to marked decreases in cereal
consumption, particularly barley that has a low zinc bioavailability, was counterbalanced
by marked increases in the consumption of meat and fish, which are also zinc-rich food.
Reduced phytate consumption coincident with increased zinc intake suggests that zinc
bioavailability also improved. Although total zinc intake was not greatly affected over the
initial period of economic growth in South Korea.
Patricia et al., (2009) indicated that the poverty and indigenous origin as risk factors of
nutritional

problems

among

Chilean

children.

Anthropometric

socioeconomic status were used to derive the ethnic origin.

assessment

and

The conclusion was, in

Chilean children, poverty was a risk factor for stunting, but was still protecting from
obesity, independent of indigenous origin.

2.3.3.2 Sanitation, Crowding and Family members
Checkley (2004) reported that water, sanitation, and hygiene interventions decrease
childhood malnutrition primarily by preventing diarrheal disease. Hand-washing
interventions can reduce the risk of diarrheal diseases by about 45%.
It was suggested; hand washing interventions can be included in water and sanitation
programs or can exist as a single intervention, and they are both effective and costeffective (Borghi et al., 2002).
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Merchant et al., (2003) examined the relation between household water and sanitation, and
the risk of stunting and reversal of stunting in Khartoum and Crezira regions of Sudan.
The risk of stunting was lowest in the group that came from homes that had both water and
sanitation compared to children from homes without these facilities. Among children
stunted at baseline, those coming from homes with water and sanitation had a greater
chance of reversing stunting than those coming from homes without either facility. The
authors concluded that water and sanitation were independently associated with improved
growth of children.

2.4 Impact of zinc deficiency on children's health
Zinc is required for the normal growth and development of humans, and its deficiency
results in reduced growth of the children. Zinc is also essential for the integrity of the
immune system; deficiency results in decreased resistance to infections and increase
incidence of respiratory tract infection and diarrhea (Hambidge et al., 1986, Prasad 1993,
and Ferguson et al., 1993).

Zinc plays a central role in the immune system.

The

expression of the metallothionein gene, apoptosis and synaptic signaling is regulated by
zinc (Shankar and Prasad, 1998 and Fraker et al., 2000). Closely linked to these effects is
the important role it plays in maintaining normal immune function.

Zinc deficiency

impairs immunocompetence with reduced cell-mediated immune responses, decreased Tlymphocytes, abnormal T-helper and/or suppressor functions, impaired macrophage
function, and reduced killer cells and antibody-dependent cytotoxicity.

Zinc levels also

modulate the function of monocytes, macrophages, and neutrophils polymorphs and in the
release of reactive free radicals from phagocytes. These impairments in immune function
occur even with modest levels of zinc deficiency (Ibs and Rink, 2003). Zinc is also
required for the development and activation of T-lymphocytes. When zinc supplements
are given to individuals having low levels of zinc, the numbers of T-cell lymphocytes
circulating in the blood increase, and the ability of lymphocytes to fight against infection is
improved (Ibs and Rink, 2003).
Trials of zinc supplementation have shown positive effects of supplementation on clinical
outcomes and growth (Charles et al., 2008).

Researcher reviewed the results of

randomized trials of zinc supplementation and correlation studies that assessed infectious
diseases, growth, and development outcomes among children less than 5 years of age. The
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results indicate that zinc supplementation decreases the incidence and prevalence of
diarrhea and respiratory tract infection. The data also indicate that zinc supplementation
increases growth, especially among children who are stunted. Furthermore, zinc has a welldocumented therapeutic effect when given during acute or persistent diarrhea (Charles et
al., 2008).

2.4.1 Zinc deficiency and growth
Zinc is present in all body tissues and fluids.

It is necessary for a wide range of

biochemical, immunological and clinical functions (Hotz and Brown, 2004). Zinc acts as a
stabilizer of the structures of membranes and cellular components.

Its biochemical

function is an essential component of a large number of zinc-dependent enzymes,
particularly in the synthesis and degradation of carbohydrates, lipids, proteins and nucleic
acids (Cousins, 1996). These biochemical functions of zinc give it a unique role for
growth and development (Hambidge, 1989).
The impact of zinc on growth was first described in humans adolescent populations in Iran
and Egypt in 1960 (Prasad et al., 1961 and Prasad et al., 1963). In these studies of young
adults who presented with a syndrome characterized by varying degrees of growth stunting
and delayed sexual maturation that were reversible with supplementation of zinc.
Ramakrishnan et al., (2009) conducted meta-analyses of randomized controlled trials to
evaluate the effect of micronutrient interventions on the growth of children under 5 years in
Ethiopia. The study showed that interventions with iron and vitamin A only had no
significant effect on growth. Interventions including zinc only had a small positive effect
on change in weight-for-height Z- score, but no significant effect on height or weight gain.
Multiple micronutrient interventions improved linear growth.
Mozaffari et al., (2009) determined the effects of supplemental zinc on physical growth in
preschool children with retarded linear growth in Iran. It was conducted on stunted 2-5
years old children.

Supplemental zinc or placebo was given for six months.

Anthropometric indicators were measured before the intervention. The study showed that
daily supplementation of 5 mg elemental zinc for 6 months improved physical growth in
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terms of height increment and weight gain in children with undesirable linear growth,
especially in boys.
Anderson et al., (2008) illustrated the co-existing micronutrient deficiencies among stunted
Cambodian infants and toddlers aged 6-36 months. About 73% were zinc deficient (serum
zinc < 9.9 µmol/L). The prevalence of anemia (Hb<110 g/L) and vitamin A deficiency
(serum retinol <0.70 µmole/L) were 71% and 28% respectively.

The micronutrients

deficiencies coexist among stunted Cambodian children.
Rosalind et al., (2007) compared the mean intakes of energy, protein and selected growthlimiting nutrients in fifty-eight stunted children and 172 non-stunted controls aged 6–13
years attending ten rural schools in Thailand. Significantly, more males were stunted than
females. Stunted males had lower mean intakes of energy, protein, calcium, phosphorus
and zinc. Lower mean serum zinc was observed among stunted males in comparison to
non-stunted.
Muller et al., (2003) examined the effect of zinc supplementation on the growth of West
African children. 709 Children aged 6–31 months were enrolled. Supplementation with
zinc (12.5 mg zinc sulphate) or placebo daily for 6 days a week for 6 months was given to
subjects. In a representative subsample of studied children, 72% were zinc-deficient at
baseline with no differences between zinc and placebo group. After 3 months of
supplementation, children in the zinc group had significantly higher serum zinc values
compared with placebo children. No significant differences between groups were observed
regarding length/height, weight, mid-arm circumference, and z scores for height-for-age,
weight-for-age, and weight-for-height. The researcher concluded that zinc supplementation
does not have an effect on growth in West African populations of young children with a
high prevalence of malnutrition.

Multinutrient interventions are likely to be more

effective.
Bahijri (2002) has studied the etiology and effect of zinc deficiency on wasting and
stunting of 728 children in the Jeddah Area (Kingdom of Saudi Arabia). They were
classified in five age groups (4-6, 6-<12, 12-<24, 24-<36, and 36-72 months). The result
showed a high incidence of low SZL among Jeddah-area infants and young preschool
children, which was associated with diarrhea and wasting in the first two years of life, and
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generally low dietary intake, wasting and/or stunting in older children. Zinc
supplementation is recommended for certain categories of subjects to improve appetite and
hence dietary intake, immunocompetence, and anthropometric measurements.
Umeta et al., (2001) reported that zinc supplements increased growth more in stunted
infants than in non-stunted infants aged 6-12 month in Ethiopia. Stunted and non-stunted
infants were matched by sex, age, and recumbent length and allocated within the pair to
zinc supplement, 10 mg of zinc sulfate in 3 ml of syrup, or placebo syrup. Syrup was given
every morning after the infants were breastfed (but before weaning food were fed) for 6
days per week for 6 months. Stunted infants who received zinc supplementation had a 2.5fold greater increase in growth than stunted infants who received placebo (P<0.001); the
increase in growth in non-stunted zinc supplemented infants did not reach a statistical
significance. Zinc had a greater stimulatory effect in stunted infants than in non-stunted
infants.
Hautvast et al., (2000) investigated biological variables that may contribute to linear
growth retardation in preschool children in Samfya District in Zambia. Children aged 6-9
months visiting mother and child health clinics were included. 90 % of the children were
anemic, 53-71 % had elevated acute phase proteins, and 80% had malaria parasitemia.
Serum micronutrient status did not show a significant relation with later height-for-age Zscores. The conclusion was unlike other studies, they did not identify specific biological
factors, such as health and micronutrient status, which contributed to the retardation of
linear growth. The normal zinc and iodine statuses of the children suggest that at least
these factors are not causal.

2.4.2 Zinc deficiency and diarrhea
Diarrhea is a condition that has a major impact on global health, is highly correlated with
nutritional status.

It is an important area of focus not only to its high worldwide

prevalence and health costs, but because it can be significantly reduced by appropriate
interventions and treatment. Diarrhea is a major killer disease in children under five years
of age, and recurrent diarrhea affects nearly 20% of the population, thus it is an important
public health problem (WHO, 1998). Infectious diarrhea also contributes to malnutrition
due to a decreased nutritional intake and diminished absorption of vital nutrients during the
acute episode and recovery period. Malnutrition, in turn, decreases the ability of the
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immune system to fight further infections, making diarrheal episodes more frequent.
Given the numerous biologic functions depend upon normal levels of zinc, particularly
immunity; it is not surprising to find that zinc deficiency is associated with numerous
infectious illnesses. Diarrhea leads to loss of zinc and abnormalities of zinc metabolism.
Substantial amounts of zinc are lost during acute diarrhea: daily losses of zinc during
diarrhea can be as high as 160 µg/kg per day in children (Castillo et al., 1988).
WHO and UNICEF (2004) have published a joint statement, encouraging widespread use
of zinc supplementation for the treatment of childhood diarrhea.

This statement

recognized the findings that zinc supplementation could significantly reduce the duration
and severity of an episode of diarrhea. This statement emphasized the responsibility of the
health care workers and mothers to treat diarrhea with zinc supplement at a dose of 20
mg/day for children 6-59 months and 10 mg/day for infants less than 6 months of age for
10-14 days.

The statement goes on to recommend country level promotion of zinc

supplementation for the treatment of diarrhea and calls for the support by WHO, UNICEF,
and other partners to promote and when needed supply supplements to countries who
cannot manufacture the high standard supplements.
Fajolu et al., (2008) assessed the benefit of zinc supplementation in acute diarrhea in
Nigeria. Children with acute diarrhea aged between 6 and 24 months were randomized
into zinc supplemented and placebo groups. The zinc supplemented group had an average
weight gain of 1.1 kg as against 0.73 kg (P = 0.00) for the control group in the study
period. No adverse effect was reported on account of zinc supplementation. It was
concluded that zinc supplementation is beneficial in acute diarrhea as observed in this
study.
Roy et al., (2007) conducted randomized, double blind, placebo-controlled trial on
moderately malnourished male children aged 6-24 months in Bangladesh.

Zinc

supplementation was introduced with meals to children who had suffered from persistent
diarrhea. Supplementation of zinc reduced the endogenous and exogenous loss of zinc in
stool within two weeks. Serum zinc, ferritin and magnesium during convalescence were
improved.
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Boran et al., (2006) studied the effect of zinc supplementation in children aged 6-60
months suffered from acute diarrhea in Turkey. Children had received 15-30 mg elemental
zinc daily. Supplemented children had significantly improved plasma zinc levels by day
14 of therapy. No significant effect was found on the incidence and prevalence of diarrhea
when the zinc-supplemented group was compared with the control group.
Penny et al., (2004) conducted the randomized controlled trial of the effect of daily zinc
supplementation or multiple micronutrients on the morbidity, growth, and micronutrient
status of young Peruvian children. Children aged 6-35 months with persistent diarrhea
were randomly assigned to receive a daily supplement zinc alone, zinc plus vitamins and
other minerals at 1-2 times recommended daily intakes, or placebo for 6 months after the
diarrhea episode ended. Morbidity information was collected on weekdays.

Weight,

length, and other anthropometric indicators were measured monthly, and plasma zinc and
other indicators of micronutrient status were measured at baseline and 6 months. The result
illustrated that supplement consumption was high (90%) in all groups, although slightly
more vomiting was reported in the zinc plus vitamins and other minerals group (P <
0.0001). The change in plasma zinc from baseline to 6 months was greater in the second
zinc groups (6.1, 27.3, and 16.2 µg/dL in the placebo, zinc, and zinc plus vitamins and
other minerals groups, respectively.

The zinc group had fewer episodes of diarrhea,

dysentery, and respiratory illness and a lower prevalence of fever and cough than did the
zinc plus vitamins and other minerals group and a lower prevalence of cough than did the
placebo group (P = 0.05). No significant effects of supplementation on growth were
observed.
Bitarakwate et al., (2003) used cross-sectional descriptive study to determine the serum
zinc status of children aged 6-36 months with persistent diarrhea admitted to the diarrhea
management unit of Mulago Hospital, Uganda. The result was, the mean SZL in the
children with persistent diarrhea was 5.83 mol/l while that of children without diarrhea was
8.99 mol/l with no age or sex difference. The serum zinc concentration of children with
persistent diarrhea was significantly lower than that of children without diarrhea
(P<0.001). The prevalence of zinc deficiency in children with persistent diarrhea was
47.9%. Of the children with persistent diarrhea, (66.7%) were stunted, wasted or both.
However, no significant association was observed between nutritional status and SZL.
Only hypoproteinaemia was significantly associated with SZL in these children (P= 0.03).
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They concluded that there is a high prevalence of zinc deficiency and malnutrition among
Ugandan children with persistent diarrhea.
Bhutta et al., (2000) investigated the effect of supplemental zinc given with oral
rehydration therapy during recovery from acute or persistent diarrhea. Zinc-supplemented
children had a 15% lower probability of continuing diarrhea on a given day in the acutediarrhea trials and a 24% lower probability of continuing diarrhea and a 42% lower rate of
treatment failure or death in the persistent-diarrhea trials. In none of the subgroup analyses
were the two subgroups of each pair significantly different from each other; however, in
persistent diarrhea there tended to be a greater effect in subjects aged less than12 months,
who were male, or who had wasting or lower baseline plasma zinc concentrations. Study
conclusion was zinc supplementation reduces the duration and severity of acute and
persistent diarrhea.

2.4.3 Zinc deficiency and RTI
Respiratory diseases are a major cause of morbidity and mortality in developing countries.
Children could suffer from 7 to 8 times of upper respiratory tract infections per year until
they are 5 years of age, when their immune status reaches adult level (Paramesh, 1996).
Acute upper respiratory tract infection (URTI) is a common disease in young children and
contributes to approximately 20% of mortality in children younger than 5 years of age. It
represents the most frequent problem in general pediatric practice (Wasik, 2005). Each
year, there are more than 150 million cases of childhood pneumonia and nearly 2 million
children under five lose their lives due to an acute pneumonia or another acute respiratory
infection (Wardlaw et al., 2006).
Coles et al., (2005) studied nutritional status and diarrheal history as risk factors for
community-acquired alveolar pneumonia (CAAP) in Bedouin children under 5 years those
living in Israel. The results indicated that stunting increased CAAP risk by approximately
2.5 times. In addition, underweight children had double the risk of developing CAAP.
The relative odds of CAAP were approximately three times greater for anemic children
than for children whose hemoglobin values were normal. Neither zinc deficiency status
nor plasma zinc concentration was associated with the risk of CAAP. The CAAP risk was
doubled for children who had one or more diarrhea episodes between 8 and 31 days before
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the day of enrollment compared with those children who were diarrhea free. The strongest
association between diarrhea and CAAP was during the winter months, when the
frequency of CAAP cases peaked. There was no significant association between diarrhea
occurring within 7 days of enrollment and risk of CAAP.
Mahalanabis et al., (2004) examined the effect of zinc and vitamin A on the clinical
recovery of children with severe acute lower respiratory tract infection. Children aged 224 months received 10 mg zinc as acetate (twice daily for 5 days) plus vitamin A placebo,
10 000 µg retinol equivalents vitamin A (twice daily for 4 days) plus zinc placebo, zinc
plus vitamin A, or zinc and vitamin A placebos. Zinc treatment significantly reduces
duration of fever and very ill status in boys, but not in girls, with severe acute lower RTI.
Vitamin A treatment of children with severe acute lower RTI had no significant beneficial
effect.
Kumar et al., (2003) investigated the blood zinc levels in children hospitalized with severe
pneumonia. A case control study was conducted in a referral and teaching hospital in
North India on children aged 2 months to 5 years. The authors found that cases of severe
pneumonia had a significantly lower blood zinc level as compared to age, sex and
nutritional status matched controls.
Bhandari et al., (2002) examined the effect of routine zinc supplementation on pneumonia
in children aged 6 months to 3 years in India by using daily elemental zinc, 10 mg to
infants and 20 mg to older children or placebo for four months. Both groups received
single massive dose of vitamin A at enrolment. At four months, the mean plasma zinc
concentration was higher in the zinc group. The proportion of children who had acute
lower respiratory tract infection during follow up was not different in the two groups. Zinc
supplementation resulted in a lower incidence of pneumonia than placebo.
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Chapter 3
Methodology
This chapter illustrates the research methodology, which was used to conduct this study.
The chapter presents study design, study population, study setting, and the ethical
procedures that were considered in the study. Tools and instruments, its validity, data
collection and analysis processes are presented in this chapter. The chapter also presents
the selection criteria and the limitations of the study.

3.1 Study design
The design of the present study is a quantitative analytical retrospective case control study.
Case control design was chosen because; it is an application of medical history taking that
aims to identify the cause-effect relationship of a condition of interest and it can study
several possible causes or exposures to risk factors simultaneously, and it is only feasible
method for long lag between exposure and outcome. It is also quick, cheap and fewer
subjects are needed than cross-sectional studies (CEBM, 2009).

3.2 Study population
The study population makes-up all male and female children aged 1-3 years in Gaza Strip
during the period of the study which conducted in 2009. Because the study design was
quantitative analytical retrospective case control; the study population included all children
in this target group regardless of their weight or height. According to the definition of case
and of control (Annex 1), the study population was chosen. Therefore, case subjects were
all male and female children aged 1-3 years of life who their height-for-age less than Zscore -2 SD (stunted children) in Gaza Strip, while control subjects were all male and
female children aged 1-3 years of life who their height-for-age more than Z-score -1 SD
(non-stunted children) in Gaza Strip.

3.3 Study settings
The study was conducted in primary health care clinics at the MOH, UNRWA and AEPBA
in Gaza Strip.

It was selected from five Governorates (North Governorate, Gaza
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Governorate, Middle Governorate, Khan Yunis, Governorate and Rafah Governorate) to
reflect representative results.

3.4 Sample size
On the assumption that zinc deficiency is 20 % in population, it is doubled among stunted
children 40 %. Using epidemiological information statistical program (Epi Info) calculator
version 6.1 (CDC, 2002), the number of case was 91, and number of control was 91. The
total number was 182. The researcher elevated this number to 274 samples (137 case
samples and 137 control samples) to avoid any decreasing of total number which
calculated by Epi Info. 16 Blood samples were excluded because they were hemolyzed or
not clear. The end total number was 258 samples (137 case sample and 121-control
sample).

3.5 Sampling
The study sample was classified into two groups, the first group was the case sample and
the second group was the control sample. The case sample was conducted from Ard El
Insan Palestinian Benevolent Association (AEPBA) centers in Gaza city and Khan-Younis
city. These two centers provide health services for malnourished children in all five
governorates in Gaza Strip. According to the definition of case, 137 new admitted children
aged 1-3 years who did not receive any supplements or other treatment for malnutrition
were chosen from these two centers. According to these criteria, each child was chosen as
case sample during each visit to AEPBA centers.
The control samples were conducted in primary health care clinics at the MOH and
UNRWA in all five Governorates in Gaza Strip. According to the definition of control,
137 children aged 1-3 years were chosen from these clinics during each visit. Each control
sample was matched with case sample by age, sex and address.

3.6 Selection criteria
A. Inclusion criteria: All male and female children aged 1-3 years of life.

B. Exclusion criteria:
•

All toddlers who are suffering from congenital anomalies and mental retardation.
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•

All toddlers who are suffering from metabolic diseases.

•

All toddlers who are suffering from any thyroid problems or endocrine diseases.

•

All toddlers who are suffering from congenital heart disease or any heart problems.

3.7 Pilot study
A pilot study was done prior to the beginning of data collection to check validity of the
questionnaire and to evaluate the response of the participants (mother's child). A pilot
study was conducted on 13 interviewees.

The results were reviewed and some

modifications were taken in consideration. The pilot subjects were not included in the
study.

3.8 Data collection
Three research tools were used for data collection.

They were an interviewed

questionnaire, anthropometric measurements, and serum zinc analysis.

3.8.1 Questionnaire
The interviewed face to face questionnaire was self-constructed and designed to meet the
objectives of the study (Annex 4). The questionnaire was developed based on literature
review, field observation, and consultation with experts in pediatric health care, primary
health care and public health fields. The questionnaire consisted of 39 questions that were
categorized into 5 main parts. The first part included demographic data of childe like
gender, age, family residency. The second part was about the socioeconomic status like
parent education, family members, household condition, sanitation, family income. The
third part was about the child's eating information and child's health status like breastfeeding, weaning age, kind of meals, history taking of child's health and drugs use. The
fourth part was about the children anthropometric measurements like child height and
weight.

The last part was about the result of serum zinc level.

The interviewed

questionnaire with mother's child was collected by the researcher himself in primary health
care clinics at the MOH, UNRWA and the two AEPBA centers in Gaza Strip. The
researcher was showing each child's mother the accompanied Informed consent
(Explanatory Latter) (Annex 3) that clarifies the study objectives and other needed
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information. Each question was asked and explained by Arabic language to ensure that all
mothers were understood the questions and its purpose. The average time for filling a
questioner was about 20 minutes.

The collected questionnaires were checked and

overviewed for completeness,

3.8.2 Anthropometric measurements
Weight of children was measured in (kg), and the height in (cm). The anthropometric
measurements were always taken by the researcher himself. According to WHO training
course on child growth assessment; nude weight was recorded using an electronic digital
scale (Seca). Child's length lying down (recumbent) was measured using length board to
children less than two years old, but children who are aged two years or older, standing
height was measured using stadiometer (WHO, 2006 a).

3.8.3 Blood sampling and processing
According to IZiNCG recommendations, blood sample collection for serum zinc analysis
was followed (IZiNCG, 2007 b). All 274 Children had voluntary accepted to participate
and give blood sample for analysis. The antecubital area was cleaned with 70 % alcohol
and medical cotton. Three ml Venous whole blood sample was collected, using sterile
trace element-free evacuated blood collection tubes produced by Guangzhou improve
medical instruments co. (Improvacter lot. A 68006), and sterile disposable hypodermic
stainless steel needle produced by B- Braun Melsungen AG (lot. D-34209). Venous blood
was kept in a cold box until centrifugation, which was done on the same day.
Centrifugation was made to 10 minutes at 3000 rpm to separate serum using Hettich
Zentrifugen (D-78532 Tuttlingen). Separated serum was put in closed plastic laboratory
tubes and was kept at -18°C in the fridge until serum zinc determination took place.

3.9 Serum zinc analysis
WHO, UNICEF, IAEA and IZiNCG in 2007 jointly recommend the use of serum zinc
concentration for assessment of population zinc status. Serum zinc level of children were
measured in (µg/dl), using zinc kits (Globe Diagnostics, GD0895 00.2). Auto chemistry
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analyzer (Mindray, BS 200) was used for serum zinc analysis. The analysis procedure was
conducted in the Palestinian Medical Relief Society lab to achieve more accurate results.

Laboratory procedure of serum zinc analysis:
•

Serum samples were thawed at room temperature.

•

The serum samples and kit reagents were put in auto chemistry analyzer (Mindray,
BS 200).

•

The sample and reagent allowed reaching 37 °C.

•

A blank consists of 10 µL distilled water and 200 µL reagent.

•

10 µL of serum were mixed with 200-µL reagent.

•

The absorption was measured 5 times in each run and average value was recorded.

•

To check the method, a control (RANDOX, L0t. No. 302se.), and standard sample
(Zinc Nitrate) were used and applied in each run.

•

The control was used to find a correction factor (kf).

•

The following formula was used for determination of zinc concentration in serum;
(µg/dl) = kf x absorption of sample.

3.10 Statistical analysis
WHO Anthro software (WHO Anthro, 2007) was used to generate the value of Z-score of
length/height-for-age, weight-for-age and weight-for-length/height for each subject.
Statistical Package for Social Sciences version 16 (SPSS, 2007) was used to analyze the
data were collected by the questionnaire, Z-score for anthropometry and the result of serum
zinc level.
Data analysis were carried out as follow
• Overviewed field questionnaire.
• Coding of questionnaire.
• Data cleaning.
• Frequency table for study variables.
• Defining and re-coding of certain variables.
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• Cross tabulation was used to count the frequency of intersection of variable
categories.
• Odds ratio was used for comparing whether the probability of a certain event is the
same for two groups.
Cross tabulation was used to count the frequency of intersection of variable categories,
while odds ratio was used for comparing whether the probability of zinc deficiency is the
same for case and control subjects.

Chi square test was conducted.

P value was

considered statistically significant when it is lower than 0.05. Advanced statistical analysis
Binary Logistic Regression was conducted to determine factors that affect the presence or
absence of zinc deficiency or stunting.

3.11 Ethical considerations
An ethical approval from Helsinki Committee was obtained (Annex 5). The researcher
attached an informed consent (explanatory letter) that clarifies the purpose of the study,
study confidentiality, and the voluntary right of participation in the study to each child's
mother who was eligible to participate (Annex 3).

3.12 Administrative approval
An administrative approval from the general directorates of clinics at the MOH, UNRWA
and Ard El Insan Palestinian Benevolent Association (AEPBA) were obtained (Annexes 6,
7 and 8).

3.13 Limitations of the study
There are many sensitive obstacles which faced the researcher during the working of the
study, due to the culture and the believes of the parents, which may lead them to refuse the
participation of their children in the study. However, the following obstacles are the most
important that may faced the researcher during the study:
1. The limited resources such as reports, statistical data, books and journals.
2. Lack of fund.
3. Difficulties of facilities used for the study.
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Chapter 4
Results
This chapter presents the results of the study and shows the descriptive and statistical
analysis of the study findings in general.

4.1 Distribution of the study subjects by sociodemographic variables
Sociodemographic variables are shown in table 1. The total number of study subjects
were 258, of which 137 (53.1 %) were case samples (stunted children) and 121 (46.9
%) were control samples (non-stunted). It was found that, 138 (53.5%) were male and
120 (46.5 %) were female. From 258 subjects, it was found that, 72 (27.9%) were
male case subjects and 66 (25.6%) were male control subjects, while 65 (25.2%) were
female case subjects and 55 (21.3%) were female control subjects.
The age of study subjects was classified into two groups. The first group 186 (72.1 %)
was 12-24 months; while the second group 72 (27.9 %) was 25-36 months. From 258
subjects, it was found that, 95 (36.8%) who aged 12- 24 months were case subjects and
91 (35.3%) who aged 12- 24 months were control subjects, while 42 (16.3%) who aged
25-36 months were case subjects and 30 (11.6%) who aged 25- 36 months were control
subjects.
Table 1 revealed that (34.5 %), (31.8 %), (10.5 %), (10.9 %) and (12.4 %) of study
subjects (258) were lived in North, Gaza, Middle, Khan-Younis and Rafah
governorates respectively. The percentage of case subjects who lived in North, Gaza,
Middle, Khan-Younis and Rafah governorates were 19.4%, 17.1%, 5.00%. 5.4% and
6.2% respectively, while 15.1%, 14.7%, 5.4%, 5.4% and 6.2% were control subjects.
Each governorate was classified according to family residency to refugee camp, town,
city and cluster. The majority of study subjects were lived in town (40.7 %), while the
smallest number was lived in refugee camp (15.9 %).
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Table 1: Distribution of the study subjects by sociodemographic
variables.
Variable

Case
No.

Control
%

No.

Total
%

No.

%

25.6%
21.3%
46.9%

138
120
258

53.5%
46.5%
100%

35.3%
11.6%
46.9%

186
72
158

72.1%
27.9%
100%

15.1%
14.7%
5.4%
5.4%
6.2%
46.9%

89
82
27
28
32
258

34.5%
31.8%
10.5%
10.9%
12.4%
100%

8.1%
17.8%
13.2%
7.8%
46.9%

41
105
69
43
158

15.9%
40.7%
26.7%
16.7%
100%

Sex
Male
Female
Total

72
65
137

27.9%
25.2%
53.1%

12-24 months
25-36 months
Total

95
42
137

36.8%
16.3%
53.1%

66
55
121
Age
91
30
121

Governorate
North
Gaza
Middle
Khan-Younis
Rafah
Total

50
44
13
14
16
137

19.4%
17.1%
5.00%
5.4%
6.2%
53.1%

39
38
14
14
16
121

Family Residency
Refugee Camp
Town
City
Cluster
Total

20
59
35
23
137

7.8%
22.9%
13.6%
8.9%
53.1%

21
46
34
20
121

4.2 Distribution of SZL by height-for-age (Stunting)
The first nutritional health indicator is height-for-age, which reflects stunting. As shown in
table 2, when using WHO and IZiNCG zinc cut-off point, it was found that, from 137
stunted children (case subjects), 96 (70.1%) had zinc deficiency (< 65 µg/dl), while 41
(29.9%) stunted children had normal zinc level (≥ 65 µg/dl). On the other side, it was
found that, among non-stunted children (control subjects), 14 (11.6%) had zinc deficiency,
while 107 (88.4 %) had normal SZL. The difference between the two groups reached a
highly statistically significant level (P= 0.000). Odds ratio was (17.895) and confidence
interval was (CI 9.191 – 34.844), this indicates that the risk of stunting is 17 times higher
among children with zinc deficiency.
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Table 2: Distribution of SZL by Height-for-Age
Item

Case

Control

Total

(Stunted)

(Non-stunted)

No

%

No.

%

No.

%

< 65 µg/dl

96

70.1%

14

11.6%

110

42.6%

≥ 65 µg/dl

41

29.9%

107

88.4%

148

57.4%

Total

137

100%

121

100%

258

100%

P.

Odds

value

ratio

CI
Lower

Upper

0.000

17.895

9.191

34.844

-

-

-

-

4.3 Risk factors associated with zinc deficiency
4.3.1 Distribution of SZL by sociodemgraphic variables
4.3.1.1 Distribution of SZL by sex, age, governorates, and family
residency
Table 3 presented the relationship between serum zinc level (SZL) and sociodemographic
variables. From 137 case subjects, it was found 72 male case subjects, (72.2 %) of them
had zinc deficiency, while 65 were female, (67.7 %) of them had zinc deficiency. From
121 control subjects, it was found 66 male, (90.9 %) of them had normal SZL, while 55
were female, (85.5 %) of them had normal SZL. Statistical analysis showed that, there are
no significant differences between sex and SZL among case and control subjects (P=
0.581), (P= 0.401) respectively.
Table 3 showed that most case subjects (73.8 %) who aged 25-36 months had zinc
deficiency, while (68.4 %) of case subjects who aged 12-24 had zinc deficiency. The
highest percent of control subjects (89 %) who had normal SZL were aged 12-24 months.
It was found, there is no statistical relationship between age and SZL among case
(P=0.552) and control (P= 0.746).
From five governorates, the majority of case subjects who had zinc deficiency (77.3 %),
(74 %) were found from Gaza and north governorates respectively while Khan-Younis
governorate had the lowest percentage (42.9 %) of case subjects with zinc deficiency. The
results showed that, there is no significant relationship between governorates and SZL
among case and control subjects (P= 0.143), (P= 0.226) respectively.
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Table 3: Distribution of SZL by sociodemographic variables
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No.
%
No.
%

P value
Total
No.

Sex
Case

0.581
Male
Female

Total
Control
Male
Female
Total

52
44
96

72.2 %
67.7 %
70.1 %

20
21
41

27.8 %
32.3 %
29.9 %

72
65
137

6
8
14

9.1 %
14.5 %
11.6 %

60
47
107

90.9 %
85.5 %
88.4 %

66
55
121

0.401

Age
0.552

Case
12-24 months
25-36 months

65
31

68.4 %
73.8 %

30
11

31.6 %
26.2 %

95
42

Total

96

70.1 %

41

29.9 %

137

Control
12-24 months
25-36 months
Total

10
4
14

11 %
13.3 %
11.6 %

81
26
107

89 %
86.7 %
88.4 %

91
30
121

37
34
8
6
11
96

74 %
77.3 %
61.5 %
42.9 %
68.8 %
70.1 %

13
10
5
8
5
41

26 %
22.7 %
38.5 %
57.1 %
31.2 %
29.9 %

50
44
13
14
16
137

0.746

Governorates
0.143

Case
North
Gaza
Middle
Khan-younis
Rafah
Total
Control
North
Gaza
Middle
Khan-younis
Rafah
Total

0.226
8
3
0
1
2
14

31
35
14
13
14
107

20.5 %
7.9 %
0%
7.1%
12.5 %
11.6 %

79.5 %
92.1 %
100 %
92.9 %
87.5 %
88.4 %

39
38
14
14
16
121

Family residency
0.476

Case
Refugee Camp
Town
City
Cluster
Total
Control
Refugee Camp
Town
City
Cluster
Total

15
43
25
13
96

75 %
72.9 %
71.4 %
56.5 %
70.1 %

5
16
10
10
41

25 %
27.1 %
28.6 %
43.5 %
29.9 %

20
59
35
23
137

4
7
2
1
14

19 %
15.2 %
5.9 %
5%
11.6 %

17
39
32
19
107

81 %
84.8 %
94.1 %
95 %
88.4 %

21
46
34
20
121

0.300
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As shown in table 3, it was found that, refugee camps and towns had the highest percent of
case subjects with zinc deficiency (75 %), (72.9 %) respectively while cities had the
highest percent of control subjects with normal SZL (94.1 %). There is no significant
differences relationship between family residency and SZL among case and control
subjects (P= 0.476), (P= 0.300) respectively.

4.3.1.2 Distribution of SZL by father and mother education and
household facilities
Table 4 presented the relationship between subject’s father education, mother education,
household facilities (electricity, refrigerator, and stove) and SZL among case and control
subjects. As shown in table 4 the subject’s father education was classified into three
groups (1-6 years, 7-12 years and ≥ 13 years) in each, case and control. In case subjects, it
was showed that 72 was the total number of case subjects whom their father were learned
from 7-12 years. The majority of them (72.2%) had zinc deficiency, while (27.8%) were
with normal SZL. There is no significant differences between father education and SZL
(P= 0.303). In control subjects, 15, 71, 35 were the total numbers of control subjects who
their fathers were learned for 1-6, 7-12, or ≥ 13 years respectively, in which (13.3%),
(15.5%), (2.9%) had zinc deficiency respectively. There is no statistical significance
between father education and serum zinc level among control subjects (P= 0.156).
The highest percent of case subjects with zinc deficiency (81.2 %) was found for mothers
who learned from 1 to 6 years, while (70.9 %) and (47.4 %) were found for mothers who
learned from 7-12 years and > 13 years respectively. It was found that, there is significant
differences between mother education and SZL among case subjects (P= 0.037). It was
found that 76 was the total number of control subjects whose mothers learned from 7 to 12
years. The majority of them (88.2%) had normal SZL. There is no significant differences
between mother education and serum zinc level among control subjects (P= 0.212).
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Table 4: Distribution of SZL by father and mother education and
household facilities
Item

Serum zinc level
< 65 µg/dl
≥ 65µg/dl
No
%
No
%

P. value
Total
No

Father education
Case

0.303

1-6 years

27

75%

9

25%

36

7-12 years

52

72.2%

20

27.8%

72

≥ 13 years

17

58.6%

12

41.4%

29
0.156

Control
1-6 years

2

13.3%

13

86.7%

15

7-12 years

11

15.5%

60

84.5%

71

≥ 13 years

1

2.9%

34

97.1%

35

Mother education
Case

0.037

1-6 years

26

81.2%

6

18.8%

32

7-12 years

61

70.9%

25

29.1%

86

≥ 13 years

9

47.4%

10

52.6%

19
0.212

Control
1-6 years

3

25%

9

75%

12

7-12 years

9

11.8%

67

88.2%

76

2

6.1%

31

93.9%

33

≥ 13 years
House hold facilities
Case

0.152

Electricity

18

75%

6

25%

24

Electricity& refrigerator

50

75.8%

16

24.2%

66

Elect., refrig. & stove

28

59.6%

19

40.4%

47
0.151

Control
Electricity

3

15.8%

16

84.2%

19

Electricity& refrigerator

9

16.1%

47

83.9%

56

Elect., refrig. & stove

2

4.3%

44

95.7%

46
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Household facilities were divided into electricity, electricity and refrigerator, or electricity,
refrigerator and stove (all) in case and control subjects. As shown in table 4, the majority
of case subjects 66 had electricity and refrigerator in their home, (75.8%) of them with zinc
deficiency, and (24.2%) with normal SZL. There is no statistical significant differences
between household facilities and SZL among case subjects (P= 0.152). The majority of
control subjects (56) were had electricity and refrigerator in their home, (16.1%) of them
with zinc deficiency and (83.9%) with normal SZL. There is no statistical significant
differences between household facilities and SZL among control subjects (P= 0.151).

4.3.1.3 Distribution of SZL by crowding such as family members and
home characteristics
Table 5 revealed the relationship between crowding and SZL. Family members were
divided into two groups < 6 and ≥ 6 members per family. In case and control samples no
statistical significant relationship was established between family members and SZL (P=
0.249), (P= 0.117) respectively.
The total number of persons who living together at home was divided into two groups
(<8 persons, and ≥ 8 persons). The majority of control (n 67) was lived in house with less
than 8 persons. The highest number of them was 63 (94%) were with normal zinc level
(≥ 65 µg/dl), while 4 (6%) had zinc deficiency. It was cleared that there was significant
differences between the total numbers of persons who living at the same home and SZL
among control subjects (P= 0.032). Odds ratio was (OR= 0.279) and confidence interval
was (CI 0.082 – 0.948) which indicated that there is protective relationship, in other word;
this indicates that the normal zinc level (≥ 65 µg/dl) were found in control subjects 0.279
times more likely than case subjects.
A total number of rooms at home were classified into two groups, less than 4 rooms and 4
or more rooms (table 5). The highest number of case subjects (n 97) were lived in homes
containing less than 4 rooms, (72.2%) of them had zinc deficiency. 40 Case subjects lived
in homes containing 4 rooms or more, (65 %) of them had zinc deficiency. No significant
differences were established between number of rooms and SZL among case subjects
(P=0.405).
The total number of control subjects who lived in homes containing less than 4 rooms was
84, in which 90.5% had normal zinc level. Control subjects who lived in homes containing
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4 or more rooms was 37, (83.8 %) of them had normal zinc level. There was no statistical
significant differences between number of rooms at home and SZL among control
subjects (P = 0.289). In addition, no statistical relationship was found in both case and
control samples for persons sleeping with child at the same room.

Table 5: Distribution of serum zinc level by crowding
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%
.

Total

P.
value

CI
Lower

Upper

-

-

-

-

-

-

-

-

-

0.279

0.082

0.948

-

-

-

-

-

-

-

-

-

-

-

-

No.

Family members
0.249
Case
< 6 members 66 73.3% 24 26.7%
90
≥6 members 30 63.8% 17 36.2%
47
0.117
Control
75
< 6 members 6 8.00% 69 92.0%
≥6 members
8 17.4% 38 82.6%
46
Number of persons living together at same home
0.689
Case
55 68.8% 25 31.2%
80
< 8 persons
≥8 persons
41 71.9% 16 28.1%
57
Control
0.032
< 8 persons
4 6.00% 63 94.0%
67
≥8 persons
10 18.5% 44 81.5%
45
Number of rooms at home
0.405
Case
< 4 rooms
70 72.2% 27 27.8%
97
≥4 rooms
26
65%
14 35.0%
40
0.289
Control
8
9.5% 76 90.5%
84
< 4 rooms
≥4 rooms
6 16.2% 31 83.8%
37
Number of persons sleeping with child at the same room
0.100
Case
1-2 persons
29 59.2% 20 40.8%
49
3-4 persons
40 74.1% 14 25.9%
54
≥5 persons
27 79.4% 7 20.6%
34
0.194
Control
1-2 persons
6 10.0% 54 90.0%
60
3-4 persons
4
8.9% 41 91.1%
45
≥5 persons
4
25%
12 75.0%
12

40

Odds
ratio

4.3.2 Distribution of SZL by economic status
Table 6 and 7 presented the relationship between subject's family economic status and the
subject's serum zinc level. Table 6 showed if father and mother were employed, kind of
their employment, while table 7 showed the relationship between family income per
month, if family receiving economic assistance, type and regulatory of these assistance and
SZL among study subjects.

4.3.2.1 Distribution of SZL by father and mother employment
Table 6 showed that, there is no statistical differences among father employment in
controls (P = 0.150) and cases (P = 0.796). Father employment was classified into three
kinds (employee, workers, and agriculture). The total number of case subjects whose
fathers were employee, workers, and agriculture were 51, 24 and 13 respectively, while the
total number of control subjects were 57, 42, and 8 respectively. Employees had the
highest number of case subjects who were zinc deficient. In contrast, employed fathers of
control subjects had normal SZL (98.2 %). There was no statistical differences among
case subjects (P = 0.069), while it was found statistically significance among control
subjects and SZL (P = 0.001).
Concerning mother employment, it was found in case subjects, the majority of their
mothers (130) were not employed, 92 (70.8%) of them with zinc deficiency, and 38
(29.2%) with normal SZL, while the majority of control subject's mothers (111) were not
employed, in which [98 (88.3%)] were with normal zinc level. Statistical analysis showed
no significant differences between study subjects. P. values of case and control were
(P=0.443), (P=0.871) respectively.

4.3.2.2 Distribution of SZL by family income and economic assistance
Table 7 showed the relationship between family income and economic assistance and SZL
among study subjects. Family income was divided into two groups (less than 1600 Shekel,
and 1650 or more Shekel). It was found the majority of case's families (n 101) had
monthly income less than 1600 Shekel, and 75.2 % of them were zinc deficient. There is a
statistical significant difference between family case's income and SZL (P = 0.015),
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Table 6: Distribution of SZL by father and mother employment
Serum zinc level
Item
< 65 µg/dl
≥ 65 µg/dl
No.
%
No.
%
Father employment
Case
Employed
61 69.3% 27 30.7%
Not employed
Control
Employed

Total
No.

Odds
ratio

CI
Lower

Upper

0.796

0.904

0.419

1.947

0.150

0.869

0.808

0.935

0.069

-

-

-

0.001

-

-

-

0.443

0.551

0.118

2.579

0.871

0.838

0.098

7.158

88

35

71.4%

14

28.6%

49

14

13.1%

93

86.98
%

107

0.00%

14

Not employed 0.00

P.
value

14
100%

Father kind of employment
Case
Employed
31 60.8%
Worker
Agriculture
Control
Employed

20

39.2%

51

18

75.0%

6

25.0%

24

12

92.3%

1

7.7%

13

1

1.8%

56

98.2%

57

10

23.8%

32

76.2%
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Agriculture
3
Mother employment
Case
Employed
4

37.5%

5

62.5%

8

57.1%

3

42.9%

7

Not employed
Control
Employed

92

70.8%

38

29.2%

130

1

10.0%

9

90.0%

10

Not employed

13

11.7%

98

88.3%

111

Worker

(OR= 2.837) and (CI 1.204 – 6.686). This ratio indicated that families of case subjects
who had monthly income less than 1600 Shekel had zinc deficiency 2.837 times more
likely than families who had monthly income 1650 Shekel and more. In control subjects,
there is a statistical significant differences between family control's income and SZL (P =
0.049) and (OR = 6.314) and (CI 0.793 – 50.281). The statistically significant differences
in case and control reflect the fact that family income strongly affects SZL.

42

Zinc deficiency was abundant among case's families, which have received economic
assistance (74.4 %), while (84.4 %) of control subjects had normal SZL. No statistical
relationship was estimated in control (P = 0.095) and case subjects (P = 0.149). Regarding
type of economic assistance (food, money or others), as shown in table 7, there was no
statistically significance in both cases (P = 0.800) and controls (P = 0.140).

Table 7: Distribution of SZL by family income and economic assistance
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%

Family income
Case
< 1600 Shekel
76 75.2% 25
1650+ Shekel
15 51.7% 14
Control
< 1600 Shekel
13 15.7% 70
1650+ Shekel
1
2.9%
34
Receiving economic assistance
Case
Yes
64 74.4% 22
No
32 62.7% 19
Control
Yes
11 15.5% 59
No
3
5.9%
48
Type of economic assistance
Case
Food
34 75.6% 11
Money & food
30 73.2% 11
Control
Food
11 18.3% 49
Money & food
0
0%
10
Regularity of receiving assistance
Case
Regularly
53 75.7% 17
Occasionally
11 68.8%
5
Control
Regularly
9
15.3% 50
Occasionally
2
18.2%
9

Total

P.
value

Odds
ratio

24.8%
48.3%

101
29

84.3%
97.1%

83
35

25.6%
37.3%

86
51

84.3%
94.1%

70
51

24.4%
26.8%

45
41

81.7%
100%

60
10

24.3%
31.2%

70
16

84.7%
81.8%

59
11

CI
Lower

No.

Upper

0.015

2.837

1.204

6.686

0.049

6.314

0.793

50.281

0.149

1.727

0.819

3.643

0.095

2.983

0.787

11.304

0.800

1.133

0.430

2.987

0.140

0.817

0.724

0.921

0.565

1.417

0.431

4.658

0.807

0.810

0.150

4.383

Regularity of receiving assistance was classified into regularly and occasionally receiving
assistance. Table 7 showed the majority of case subjects (n 70) were had assistance
regularly, the highest percentage of them (75.7%) were had zinc deficiency. There was no
statistical significant differences among case subjects (P = 0.565).
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The total number of control subjects who receiving assistance regularly was 59, (84.7%) of
them had normal SZL, while control subject who had receiving assistance occasionally
was 11, (81.1%) of them had normal SZL. There was no statistical significant differences
between regularity of receiving assistance and serum zinc level among control subjects
(P=0.807).

4.3.3 Distribution of SZL by environmental status
Table 8 reflected the relationship between environmental status (source of drinking water,
and sanitation) and serum zinc level among study subjects.
Source of drinking water was classified into special ground wells, water pipes and filtered
water. As shown in table 8, the majority of case (n 91) and control (n 91) had used filtered

Table 8: Distribution of SZL by environmental status
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No.
%
No
%

Source of drinking water
Case
Special ground wells
12
Water pipes
22
filtered water
62
Control
Special ground wells
1
Water pipes
2
filtered water
11
Presence of municipal sewage
Case
Yes
80
No
16
Control
Yes
14
No
0.00

P. value
Total
No.
0.644

80.0%
71.0%
68.1%

3
9
29

20.0%
29.0%
31.9%

15
31
91
0.946

9.1%
10.5%
12.1%

10
17
80

90.9%
89.5%
87.9%

11
19
91

70.8%
66.7%

23
8

29.2%
33.3%

113
24

0.688
0.077
13.9%
0.00%

87
20

86.1%
100%

101
20

water for drinking. Statistical analysis showed no significant differences between source
of water and zinc level among case and control subjects (P = 0.644), (P=0.946)
respectively. When asking subject's mother if drinking water is stored in plastic or metal
tanks, all had answered, it was stored in plastic tanks.
The study revealed that if home connected with municipal sewage or not, did not affect the
SZL, were the percentage of home connected or not for subjects who has SZL less than 65
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µg/dl was (70.8 %) and (66.7 %) for case subjects as well as (13.9 %) and (0 %) for control
subject respectively. The differences did not reach the statistical significance for both
cases (P = 0.688) and controls (P = 0.077).

4. 3.4 Distribution of SZL by eating habits
4.3.4.1 Distribution of SZL by breastfeeding
Table 9 illustrated the relationship between breastfeeding, if subjects are still being
breastfed, period of breastfeeding, weaning age and SZL. All subjects (n 258) were
breastfed. Data shows that 27 stunted children were still being breastfed, while (74.5 %) of
stunted children, who were weaned had zinc deficiency. There is a statistical significant
difference between them (P= 0.021), (OR= 0.368) and (CI 0.154 – 0.876) indicated that
zinc deficiency were found in stunted children who weaned (0.368) times more likely than
stunted children who still breastfeed. (90 %) of non-stunted children who had normal SZL
were still being breastfed, while (87.7 %) were weaned. There is no statistical significant
differences between them (P= 0.704).
Period of breastfeeding and weaning age were classified into 4 groups, 1-6, 7-12, 13-18,
19-24 months. In case and control, as shown in table 9, cross tabulation of SZL and
duration of breastfeeding indicated that there is no statistical relationship to be manifested
in control (P = 0.181) and case (P = 0.474). There is no statistical significant difference
between weaning age and SZL among controls and cases, (P = 0.977), (P = 0.475)
respectively.
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Table 9: Distribution of SZL by subject's breastfeeding
Serum zinc level
Item
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%
Still breastfeeding
Case
Still breastfeed
14 51.9% 13
48.1%
Weaned
82 74.5% 28
25.5%
Control
Still breastfeed
4
10.0% 36 90.0.%
Weaned
10 12.3% 71
87.7%
Period of breastfeeding (months)
Case
1-6
20 76.9%
6
23.1%
7-12
36 75.0% 12
25.0%
13-18
29 64.4% 16
35.6%
19-24
11 61.1%
7
17.1%
Control
1-6
3
25.0%
9
75.0%
7-12
6
15.4% 33
84.6%
13-18
3
5.4%
53
94.6%
19-24
2
14.3% 12
85.7%
Weaning age (months)
Case
1-6
19 76.0%
6
24.0%
7-12
31 72.1% 12
27.9%
13-18
22 81.5%
5
18.5%
19-24
9
60.0%
6
40.0%
Control
1-6
2
20.0%
8
80.0%
7-12
3
15.0% 17
85.0%
13-18
6
14.3% 36
85.7%
19-24
1
11.1%
8
88.9%

Total

No.

P.
value

Odds
ratio

CI
Lower

Upper

0.021

0.368

0.154

0.876

0.704

0.789

0.231

2.691

0.474

-

-

-

27
110
40
81

26
48
45
18
0.181

-

-

-

0.475

-

-

-

0.977

-

-

-

12
39
56
14

25
43
27
15
10
20
42
9

4.3.4.2 Distribution of SZL by child appetite and daily meals and snacks
Child appetite was classified into good, poor or fair appetite in each case and control
subject (table 10). The result revealed that 65, 57, 15 were the total numbers of stunted
children (case subjects) who had good, poor or fair appetite respectively. From 57 stunted
subjects who had poor appetite, it was found (71.9 %) of them had zinc deficiency, while
89, 20, 12 were the total numbers of non-stunted children (control subjects) who had good,
poor or fair appetite respectively. From 89 non-stunted subjects who had good appetite, it
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was found (94.4%) of them had normal SZL.

It was cleared there are significant

differences between appetite of study subjects and SZL. P. value of case subjects was
(P=0.013), while for control subjects was (P= 0.000).
Numbers of daily meals and snacks were divided into two groups (1-2 meals daily and 3
and more meals daily) (table 10). The total number of stunted children who eats 1-2 meals
daily was 67, in which 77.6 % of them had zinc deficiency, while 62.9 % of those who ate
3 or more meals daily had zinc deficiency. The result reflected no significant differences
between numbers of daily meals and zinc level among stunted subjects (P = 0.059), while
there is statistically relationship between number of meals and SZL among control
subjects (P = 0.000), (OR = 6.955) and (CI 2.117 – 22.849). OR indicated that zinc
deficiency were found in control subjects who ate 1-2 meals daily about 7 times more than
control subjects who ate 3 or more meals daily.
Case subjects with zinc deficiency who ate 1-2 snacks daily were (77.1 %) and (59.3 %)
who ate 3 and more snacks daily. Data shows that the output of cross tabulation between
SZL and number of daily snacks revealed a statistically significant difference among
control subjects (P = 0.032) and among case subjects (P = 0.026). It was found that, zinc
deficiency 2.316 and 3.580 times more frequent among those ate 1-2 snacks daily than
those who ate 3 or more daily in case and control subjects respectively.
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Table 10: Distribution of SZL by child appetite, and daily meals and
snacks
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%

Total

No.

Child appetite
Case
Good

40

61.5%

25

38.5%

65

Poor

41

71.9%

16

28.1%

57

Fair

15

100%

0.00

0.00%

15

Control
Good

5

5.6%

84

94.4%

89

Poor

8

40.0%

12

60.0%

20

Fair

1

8.3%

11

91.7%

12

Number of daily meals
Case
1-2 meals daily

52

77.6%

15

22.4%

67

≥ 3 meals daily

44

62.9%

26

37.1%

70

Control
1-2 meals daily

9

29.0%

22

71.0%

31

≥ 3 meals daily

5

5.6%

85

94.4%

90

Number of daily snacks
Case
1-2 snacks daily

64

77.1%

19

22.9%

83

≥ 3 snacks daily

32

59.3%

22

40.7%

54

Control
1-2 snacks daily

10

18.5%

44

81.5%

54

≥ 3 snacks daily

4

6.0 %

63

94.0%

67

CI

P.

Odd

value

ratio

0.013

-

-

-

0.000

-

-

-

0.059

2.048

0.966

4.344

0.000

6.955

2.117

22.849

0.026

2.316

1.098

4.884

0.032

3.580

1.055

12.146

Lower

Upper

4.3.4.3 Distribution of SZL by drinking frequency of milk, eating
frequency of meat eating frequency of liver and fish
Distribution of SZL by drinking frequency of milk, eating frequency of meat, eating
frequency of liver and fish are shown in table 11. They classified into 2 groups, ≥ 1 time
weekly and < 1 time weekly in case and control subjects. Case subjects (n= 122) drank
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milk ≥ 1 time weekly, (68.9 %) of them had zinc deficiency, while 15 case subjects were
drinking milk < 1 time weekly, (80.0 %) of them had zinc deficiency. There is no
statistically significant differences between frequency of milk drinking and zinc level
among case subjects (P=0.374). From control subjects who drank milk ≥ 1 time weekly
(n 102), it was found that, (92.2%) had normal SZL. Statistical analysis showed that, there
are statistical significant differences between frequency of milk drinking and SZL among
control subjects (P= 003), (OR= 0.184) and (CI= 0.055- 0.617).
From 71 case subjects who ate meat ≥ 1 time weekly, it was found that, (69.0%) had zinc
deficiency, while 66 case subjects was eat meat < 1 time weekly, (71.2%) of them had
zinc deficiency. There are no statistical significant differences between frequency of meat
eatig and SZL among case subjects (P=0.779). From 75 control subjects who ate meat ≥ 1
time weekly and 46 control subjects who ate meat < 1 time weekly, it was found that,
(96.0%), (76.1%) of them had normal SZL respectively. Statistical analysis showed that,
there are statistical significant differences between frequency of meat eatig and SZL
among control subjects (P= 001), (OR= 0.133) and (CI= 0.035- 0.506).

Frequency of liver eating was classified as described in table 11. Most of the study
subjects ate liver < 1 time weekly. Statistical analysis showed that, there is no significant
differences between frequency of liver eating and SZL among cases (P= 0.892) and control
subjects (P= 0.092).
Eating frequency of fish was also examined and the results are listed in table 11. It was
found that, from 37 case subjects who ate fish ≥ 1 time weekly, (70.3%) of them had zic
deficiency, while from 100 case subjects who ate fish < 1 time weekly, (70.0%) of them
had zinc deficiency. There is no statistical significant differences between frequency of
fish eating and SZL among cases subjects (P= 0.976). Total number of control subjects
who ate fish ≥ 1 time weekly was 28 subjects, (100 %) of them had normal SZL.
Statistical analysis showed that, there is statistical significant differences between
frequency of fish eating and SZL among control subjects (P= 029), (OR= 1.177) and (CI=
1.081- 1.282).
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Table 11: Distribution of SZL by drinking frequency of milk, eating
frequency of meat, eating frequency of liver and fish
Item

Serum zinc level
< 65 µg/dl
≥ 65 µg/dl
No

Case
≥ 1 time weekly
< 1 time weekly

84
12

Control
≥ 1 time weekly
< 1 time weekly

8
6

Case
≥ 1 time weekly
< 1 time weekly

49
47

Control
≥ 1 time weekly
< 1 time weekly

3
11

Case
≥ 1 time weekly
< 1 time weekly

27
69

Control
≥ 1 time weekly
< 1 time weekly

1
13

Case
≥ 1 time weekly
< 1 time weekly
Control
≥ 1 time weekly
< 1 time weekly

26
70
0
14

P.
Tota value
l
%
No
%
No
Frequency of milk drinking
0.374
68.9% 38 31.1% 122
80.0% 3 20.0% 15
0.003
7.8% 94 92.2% 102
31.6% 13 68.4% 19
Frequency of meat eating
0.779
69.0% 22 31.0% 71
71.2% 19 28.8% 66
0.001
4.0% 72 96.0% 75
23.9% 35 76.1% 46
Frequency of liver eating
0.892
69.2% 12 30.8% 39
70.4% 29 29.6% 98
0.092
3.2% 30 96.8% 31
14.4% 77 85.6% 90
Frequency of fish eating
0.976
70.3% 11 29.7% 37
70.0% 30 30.0% 100
0.029
0.00% 28 100%
28
15.1% 79 84.9% 93

Odds
Ratio

CI
Lower Upper

0.553

0.147

2.073

0.184

0.055

0.617

0.9

0.433

1.874

0.133

0.035

0.506

0.946

0.422

2.118

0.197

0.025

1.576

1.013

0.444

2.310

1.177

1.081

1.282

4.3.4.4 Distribution of SZL by eating frequency of legumes
Distribution of SZL by eating frequency of legumes is illustrated in table 12.

The

frequency of eating was divided into six groups, daily, 3-5 times weekly, 1-2 times weekly,
once per week, once per two week and rarely). It was found (83.3 %), (76.7%), (50 %),
(70 %), (54.5 %) and (42.9 %) were eating legumes according to previous classified groups
in case children who had SZL less than 65 µg/dl respectively. It was clear that, there is
statistically significant relationship between frequency of legumes eating and zinc
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deficiency among stunted children (P= 0.026). From 121 control subjects, it was found
that (61.5%), (92.7%), (94.7%), (100%), (100%), (100%) were eating legumes daily, 3-5
times weekly, 1-2 times weekly, once per week, once per two weeks and rarely
respectively and they had normal zinc level.

Similarly, among control subjects,

statistically significant relationship was found between frequency of legumes eating and
serum zinc level (P = 0.000).

Table 12: Distribution of SZL by eating frequency of legumes
Serum zinc level
Item
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%
Frequency of legumes eating
Case
Daily
35
83.3%
7
16.7%
3-5 times weekly
33
76.7%
10
23.3%
1-2 times weekly
12
50.0%
12
50.0%
Once weekly
7
70.0%
3
30.0%
Once per two week
6
54.5%
5
45.5%
Rarely
3
42.9%
4
57.1%
Control
Daily
10
38.5%
16
61.5%
3-5 times weekly
3
7.3%
38
92.7%
1-2 times weekly
1
5.3%
18
94.7%
Once weekly
0
0.00%
12
100%
Once per two week
0
0.00%
7
100%
Rarely
0
0.00%
16
100%

P. value
Total
No
0.026
42
43
24
10
11
7
0.000
26
41
19
12
7
16

4.3.4.5 Distribution of SZL by eating frequency vegetables and fruits
Cross tabulation between SZL and eating frequency of vegetables (table 13) demonstrates
that, there is no statistical significant difference among case subjects (P = 0.902) and
controls (P= 0.464). The percentage of cases who has SZL less than 65 µg/dl were
(70.2%), (68.8%) while control subjects were (10.7 %), (16.7%), for subjects who ate
vegetables ≥ 1 time weekly and < 1 time weekly respectively.
As shown in table 13, most of case subjects who ate fruits ≥1 time weekly and < 1 time
weekly (70.0%), (70.2%), while control subjects were (9.2%), (17.6%) had zinc deficiency
respectively.
Regarding SZL it was statistically not significant to frequency of eating fruits in case
(P=0.990) and control subjects (P= 0.473).
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Table 13: Distribution of SZL by eating frequency of vegetables and
fruits
Serum zinc level
Item
< 65 µg/dl
≥ 65 µg/dl
No
%
No
%
Frequency of vegetables eating
Case
≥ 1 time weekly
85
< 1 time weekly
11
Control
≥ 1 time weekly
11
< 1 time weekly
3
Frequency of fruit eating
Case
≥1 time weekly
63
< 1 time weekly
33
Control
≥ 1 time weekly
8
< 1 time weekly
6

Total

36
5

29.2%
31.2%

121
16

10.7%
16.7%

92
15

89.3%
83.3%

103
18

70.0%
70.2%

27
14

30.0%
29.8%

90
47

79
28

90.8%
82.4%

CI

OR
Upper

No

70.2%
68.8%

9.2%
17.6%

P.
value

Lower

0.902

1.037

0.348

3.311

0.464

0.598

0.149

2.396

0.979

0.990

0.458

2.140

0.191

0.473

0.151

1.482

87
34

4.4 Impact of zinc deficiency on subject's health (Infectious disease)
4.4.1 Distribution of SZL by recurrent episodes of diarrhea
SZL for subgroups of case and control are presented in table 14. According to definition
of recurrent episodes of diarrhea (more than 6 episodes yearly), the number of episodes
was classified into two groups in each case and control subjects. The first group was the
subjects who suffered from six or less episodes of diarrhea last year, while second group
presented the subjects who suffered from recurrent episodes of diarrhea last year more than
6 episodes. As shown in table 14, case subjects who suffered from 6 or less episodes of
diarrhea was 85, (30.6%) of them had normal SZL , while control subjects who suffered
from 6 or less episodes of diarrhea last year was 98, (90.8 %) of them had normal SZL had
normal SZL. Statistical analysis showed that, there is significant differences relationship
between numbers of diarrheal episodes and SZL among case and control subjects (P=
0.000), (OR= 22.440) and (CI= 9.821- 51.275).
Case subjects who suffered from recurrent episodes of diarrhea (≥ 7 episodes last year)
were 52, (71.2 %) of them had zinc deficiency, while 23 of control subjects suffered from
recurrent episodes of diarrhea (≥7 episodes), [5 (21.7 %) had zinc deficiency, and 18 (78.3
%) had normal SZL]. There is statistical significant difference between recurrent episodes
of diarrhea and SZL among case ad control subjects (P= 0.000), (OR= 8.880) and (CI=
2.789- 28.278).
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4.4.2 Distribution of SZL by duration of last attack of diarrhea
According to definition of diarrhea; stool passes more than three times a day for more than
2 days (National Digestive Diseases Information Clearinghouse 2007). Duration of
diarrhea was classified into two groups among case and control subjects. The first group
was last attack of diarrhea, which continued 3-6 days, while second group was last attack
of diarrhea continued to 7 days or more. Table 14 presented that, the case subjects who
suffered from diarrheal attack for 3-6 days were 111 subjects, [78 (70.3 %) had zinc
deficiency, and 33 (29.7 %) had normal SZL], while control subjects who suffered from
diarrheal attack for 3-6 days were 89, [8 (9.0%) subjects with zinc deficiency, and 81 (91
%) subjects with normal SZL].

Statistical analysis showed that, there is significant

differences between duration of diarrheal attack and serum zinc level among case and
control subjects (P=0.000), (OR= 23.932) and (CI= 10.408- 55.028).
Case subjects who suffered from diarrheal attack for ≥7 days were 26, [18 (69.2%) had
zinc deficiency, and 8 (30.8 %) had normal SZL], while the total number of control
subjects who suffered from diarrhea for 7 days or more was 32, [6 (18.8%) had zinc
deficiency, and 26 (81.2%) had normal SZL]. There is significant differences between
duration of attack of diarrhea and SZL (P= 0.000), (OR= 9.750) and (CI= 2.887- 32.933).

Table 14: Distribution of SZL by episodes of diarrhea
Serum zinc level
Item

1-6 episodes
Case
Control
≥7 episodes
Case
Control
3-6 Days
Case
Control
≥7 Days
Case
Control

< 65 µg/dl

≥ 65 µg/dl

Total

P.
value

CI

Upper Lower
No.
%
No.
%
No.
Number of episodes of diarrhea during last year.
0.000 22.440 9.821 51.275
59
69.4%
26
30.6%
85
9
9.2%
89
90.8%
98
0.000 8.880 2.789 28.278
37
71.2%
15
28.8%
52
5
21.7%
18
78.3%
23
Duration of last attack of diarrhea.
0.000 23.932 10.408 55.028
78
70.3%
33
29.7%
111
8
9.0%
81
91.0%
89

0.000

18
6

69.2%
18.8%

8
26

30.8%
81.2%

53

26
32

9.750

2.887

32.933

4.4.3 Distribution of SZL by recurrent episodes of RTI
Table 15 presents the number of respiratory tract infection and its duration among study
subjects. According to definition of episodes of RTI (eight or more episodes per year), the
number of episodes of RTI was classified into two groups in each case and control
subjects. The first group was the subjects who suffered from ≤ 7 episodes per year, while
the second group was ≥8 episodes yearly. 57 of case subjects suffered from ≤7 episodes
last year, [33 (57.9%) subjects with zinc deficiency, and 24 (42.1%) with normal SZL],
while the total number of control subjects who suffered from ≤ 7 episodes of RTI was 92
subjects, [8 (8.7%) with zinc deficiency, and 84 (91.3%) with normal SZL]. Table 15
revealed that there is statistical significant difference between number of episodes of RTI
and SZL among case ad control subjects (P= 0.000), (OR= 14.438) and (CI=5.895-35.360).
Case subjects who suffered from recurrent episodes of RTI (≥8 episodes) last year, [63
(78.8%) had zinc deficiency, and 17 (21.2%) subjects with normal SZL], while (29) was
the total number of control subjects who suffered from RTI ≥ 8 last year, [20.7% had zinc
deficiency, and 79.3% had normal SZL]. There is statistical significant difference between
recurrent episodes of RTI and SZL among case and controls (P= 0.000), (OR= 14.206) and
(CI= 4.991- 40.435).

4.4.4 Distribution of SZL by duration of last attack of RTI
Table 15 illustrates also the duration of RTI last attack. It was classified into two groups
(≤7 days and ≥8 days) in each case and control subjects to reflect the severity of RTI
attack. Case subjects who suffered from RTI attack for ≤7 days were 116 [71.6% had zinc
deficiency, while the control subjects who suffered from ≤7 days were 90 [6.7% had zinc
deficiency and 93.3% had normal SZL]. There is statistical significant differences between
duration of RTI attack and SZL among case and control subjects (P = 0.000), (OR=35.212)
and (CI= 14.015- 88.466).
Case subjects who suffered from RTI attack for ≥8 days days were 21, (61.9%) with zinc
deficiency, and (38.1%) with normal SZL]. Control subjects suffered from RTI attack for
≥8 days were 31, (23.3 %) had zinc deficiency, and (76.7 %) had normal SZL. Statistical
analysis revealed that there is a significant difference between between duration of RTI
attack and SZL among case and control subjects (P= 0.005), (OR= 5.339) and (CI= 1.57418.108).
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Table 15: Distribution of SZL by episodes of RTI
Item

≤ 7 episodes
Case
Control
≥ 8 episodes
Case
Control
≤ 7 days
Case
Control
≥8 days
Case
Control

CI
Serum zinc level
No
P.
Odd
< 65 µg/dl
≥ 65 µg/dl
value ratio Upper Lower
No
%
No
%
Number of episodes of RTI during last year
0.000 14.438 5.895 35.360
33
57.9%
24
42.1%
57
8
8.7%
84
91.3%
92
0.000 14.206 4.991 40.435
63
78.8%
17
21.2%
80
6
20.7%
23
79.3%
29
Duration of last RTI attack
83
6
13
7

71.6%
6.7%
61.9%
23.3%

33
84
8
23

28.4%
93.3%
38.1%
76.7%

0.000

35.212

14.015

88.466

0.005

5.339

1.574

18.108

116
90
21
30

4.5 Logistic regression
4.5.1 Height-for-age (Stunting)
When logistic regression was done to confirm that zinc deficiency affect stunting. Table
16 shows that, there is a clear statistically significant relationship between zinc deficiency
and stunting (P= 0.000), (OR= 17.895), (CI= 9.191- 34.844). This result indicated that, the
subjects who had zinc deficiency will be stunted 17.895 times more likely than the subjects
who had normal SZL. Since B value was positive (2.885), it means that, when zinc
deficiency is increased, stunting will increase.

4.5.2 Eating frequency of legumes
As shown in table 16, it was found that, there was highly statistical significant difference
between eating frequency of legumes and zinc deficiency (P= 0.000), (OR= 1.549),
(CI= 1.280- 1.874). This result indicated that, the subjects who ate more legumes had zinc
deficiency 1.549 times more likely than the subjects who ate fewer legumes. Since B
value is positive (0.438), it means that, when eating frequency of legumes is increased, the
zinc deficiency will increase.
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4.5.3 Recurrent episodes of diarrhea
The result of logistic regression which presented in table 16 indicated a statistical
significant relationship between zinc deficiency and recurrent episodes of diarrhea,
(P=0.006), (OR=0.465), (CI= 0.269- 0.802). This result indicated that, there is a protective
relationship between zinc deficiency and recurrent episodes of diarrhea. Since the B value
is negative (- 0.767) as presented in logistic regression table; it means an opposite
relationship between SZL and recurrent episodes of diarrhea. In other words, when zinc
level is decreased, the recurrent episodes of diarrhea increased.

4.5.4 Recurrent episodes of RTI
Table 16 showed that, the logistic regression analysis reflects statistical significant
relationship between zinc deficiency and recurrent episodes of RTI, (P = 0.000),
(OR=0.220), (CI= 0.130- 0.374).

These results indicated that, there is a protective

relationship between zinc deficiency and recurrent episodes of RTI. Since the B value is
negative (- 1.514), it means an opposite relationship between SZL and recurrent episodes
of RTI. In other word, when zinc level is decreased, the recurrent episodes of RTI
increased.

Table 16: Logistic regression of the impact of zinc deficiency

Item

B

S.E

(P.value)

Height-for-age (Stunting)
H//A

2.885

CI

OR.
Low

0.340

High

0.000

17.895

9.191

34.844

0.000

1.549

1.280

1.874

0.006

0.465

0.269

0.802

0.000

0.220

0.130

0.374

Eating frequency of legumes
EFL

0.438

0.097

Recurrent episodes of diarrhea
RED

- 0.767

0.278

Recurrent episodes of RTI
RTI

- 1.514

0.270
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Chapter 5
Discussion
This chapter discusses the key finding of results, and presents the rationalization of these
results.

5.1 Distribution of the study subjects by sociodemographic variables
Stunting and zinc deficiency are a major public health concerns. It is important to mention
that this study is carried out for the first time in Gaza Strip. The calculated sample size
was increased from 182 to 280 subjects to be sure that sample size will be more
representative and to be able to exclude any hemolyzed or not clear serum samples. After
excluding the hemolyzed and not clear serum samples, the total number of study subjects
was 258. The total response for giving blood samples among the study population was
100%. This reflects the family interesting, their cooperation and gives the impression that
the child's parents were seeking to health care services.
From 258 study subjects, 137 were case subjects (stunted children), while control subjects
(non-stunted children) were 121. Males were formed 53.5 % and females 46.5 % from
study population. The difference between numbers of case and control and between male
and female was due to excluding of hemolyzed and not clear serum samples. The study
subjects who aged 12-24 month was formed the high percentage (72.1 %) of study
population. The majority of study subjects (34.5 %) were lived in north governorate, while
the lowest percentage (10.5 %) was lived in middle governorate.

5.2 Distribution of SZL by stunting
The first nutritional health indicator is height-for-age which reflects stunting among study
subjects. WHO and IZiNCG consider zinc deficiency when SZL is less than 65 µg/dl
(WHO / UNICEF / IAEA/ IZiNCG, 2007 and IZiNCG, 2007 b).
Since this study is carried out for the first time in Gaza Strip, present results toll alarm
bells, because (70.1 %) of stunted subjects had zinc deficiency, while (11.6 %) of nonstunted subjects had zinc deficiency. There is a strong relationship between stunting and
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zinc deficiency (P= 0.00). These data reflect the effective role of zinc as one the main
causes of stunting in many children in Gaza Strip.

These results agree with WHO

recommendation, which reported that, zinc is an essential mineral for human growth
(WHO, 2005).
A total of 25 controlled clinical trials of the effect of zinc supplementation on growth were
summarized in completed meta-analysis, there was highly significant impact of zinc
supplementation on children’s height increments (Brown et al., 1998).
Our results agree with Bahijri (2002) who indicated that, the lowest mean serum zinc
levels were found in the stunted children in Jeddah Area.

5.3 Distribution of SZL by sex, age, governorates and family residency
Data revealed that, the high percentage of zinc deficiency (72.2%) was found in male
stunted children, while (67.7 %) found in female stunted children. The majority of male
and female control subjects (99.9 %), (85.5 %) respectively had normal SZL. There is no
statistical significant differences was found between sex and SZL among case and control
subjects (P= 0.581), (P= 0.401) respectively.
Concerning the subject's age, the results showed that, the highest rate of zinc deficiency
among stunted children (73.8 %) were found in 25-36 months age group, while (68.4 %) of
case subjects who aged 12- 24 months had zinc deficiency.

There is no statistical

significant relationship between age and SZL among case subjects (P= 0.552). Our results
agree with WHO, the prevalence of stunting and zinc deficiency is generally higher during
the second and third year of life (WHO, 1996 a). The high rate of stunting and zinc
deficiency in this age group may be attributed to ending of breastfeeding period, in which
breastfeeding is considered complete and balance diet for children, and complementary
food are being introduced after six month of age. Complementary food may be not
complete, imbalance or not enough. Complementary food should be balanced in quality
and quantity especially in this age group which is characterized by rapid growth (WHO,
1996 b).
Data revealed that, the high percentage of stunted children who lived in Gaza and north
governorates had zinc deficiency (77.3 %) and (74 %) respectively, while the high
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percentage of non-stunted children with zinc deficiency (20.5 %) were lived in north
governorates. There is no significant difference between governorates and SZL among
stunted and non-stunted subjects (P= 0.143), (P= 0.226) respectively. Concerning the
family residency, the high percentage of case subjects with zinc deficiency (75 %) were
lived in refugee camps, the high percentage of control subjects who had zinc deficiency
(19 %) were lived in refugee camps also. There is no statistical differences relationship
between family residency and SZL among stunted and non-stunted subjects (P= 0.476),
(P= 0.300) respectively.

These results illustrated that the high percentage of zinc

deficiency was found in refugee camps in Gaza and north governorates. The reasons of
these results may attributed to high rate of poverty and unemployment, while the reasons
of increasing the percentage of stunting and zinc deficiency in north governorate may be
attributed to many causes such as, the north governorate economy is largely dependent on
agriculture. However; Israeli recurrent military attack have resulted in the demolition of
agricultural infrastructure, razing of agricultural land and wide-spread damage to crops,
which has resulted in increased food insecurity and the majority of families in northern
Gaza towns of Beit-Lahiya and Beit-Hanoun’s had loosed their income (UNDP, 2009).
This result agrees with a previous study which was conducted by Al Quds University,
Johns Hopkins University and American Near East Refugee Aid (2004). It was reported
that, the refugee children were found to be statistically more stunted than non- refugee
children in Gaza Strip.

Statistical evaluation of results showed that, there were no

significant differences between SZL by sociodemgraphic variables. These results may be
attributed to poverty, unemployment and hardship (World Food Program, 2004).

5.4 Distribution of SZL by father and mother education and household
facilities
Concerning the educational level of father and mother, the result revealed that, there was
no effect of father educational level on their children's SZL. This can be explained, as the
mother in our culture is responsible for child's food. On other side, it was found the
majority of mothers of case subjects had learned 7-12 years. It is not surprising that the
majority of children with zinc deficiency had mothers of low educational level, since these
children were suffering from chronic nutritional problem, which caused stunting and zinc
deficiency. This gives an impression that, dealing with children who suffering from
chronic nutritional problem need high educational level of mother to be oriented about
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what kind of food should be produced to their children. Present results agree with Zere
and Mclnyre (2003) who reported that many factors affect child growth status, especially
in developing countries, such as educational status and knowledge about proper nutrition.
Our result agree also with Abdalla et al., (2009) who illustrated that socio-economic
aspects influencing food consumption patterns among children under age of five in rural
area of Sudan. It was concluded that improvement of maternal education and knowledge
about nutrition were helpful to maintain the children's nutritional status.

5.5 Distribution of SZL by crowding
When the effect of crowding (family members, total number of persons living together at
same home, number of rooms at home, number of persons sleeping with child at the same
room) was studied, the results showed that, the total number of persons living together at
same home affect SZL of control subjects. This result reflects the reality, because the
result presented in non-stunted children.
variable.

Stunting can be considered as confounder

When this confounder variable was excluded in non-stunted subjects, the

relationship between the total number of persons living together at same home and the
level of zinc was found is confirmed. The result may be attributed to the extended family
in the Palestinian society. In the extended family, the mother may not found enough time
to care about child, or not found healthy balanced food, on other side the quality of life is
decreased in extended family. Zere and Mclntyre (2003) reported the same results when
concluded that family size is one of the factors, which affects child's growth. Present result
agrees also with Reyes et al., (2004), who reported that the greatest protective effect of
stunting was found in Mexican children cared exclusively by their mothers.

5.6 Distribution of SZL by economic status
The major source for the economic earns of the fathers was distributed into employee,
workers, and agriculture. The majority of mothers have no occupations. Accordingly, most
families were depending mainly on fathers for covering all the financial responsibilities. It
was found a strong relationship between kind of father employment in controls and the
level of serum zinc. Present employment status would not be sufficient for fulfilling all or
most of the obligations for the families due to the low income of their occupations.
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UNDP (2009) reported that the poverty line in Gaza Strip is found when the family income
is 2US $ per day, which equal 8 shekel, and the average of family size is 6 to 7 persons per
household. The family income was classified into two groups (less than 1600 Shekel, and
>1650 Shekel). It was found that 75.2 % of families, whose monthly income less than
1600 Shekel, had zinc deficiency. Families with low income facing difficulties to obtain
healthy balance food, which may lead to chronic malnutrition and zinc deficiency. WHO
reported that stunting is an indicator of chronic under-nutrition (stunting), and is the result
of extended periods of inadequate food intake and poor dietary quality (WHO, 1995).
PCHR reported that more than half of Palestinian families, who living under extreme
poverty, had one meal daily. Food consumption in Palestinian families dropped by 2530% per person especially protein intake, which lead to acute and chronic malnutrition
(PCHR, 2006).

Concerning the receiving of economic assistance, type of economic

assistance and regularity of receiving assistance, no relationship was found between them
and SZL.

5.7 Distribution of SZL by environmental status
When the effect of environmental status (source of drinking water and sanitation) was
studied on SZL among study subjects, it was found that no relationship between these
environmental factors and SZL. Present results disagree with the results of Checkley et al.,
(2004) who reported that water; sanitation interventions decrease childhood malnutrition
primarily by preventing diarrheal disease. Merchant et al., (2003) concluded also that, the
risk of stunting was lowest among children, whose homes connected with water and
sanitation facilities compared to children from homes without these facilities in Sudan.

5.8 Distribution of SZL by eating habits of study subjects
Factors related to breastfeeding, if study subjects were still breastfed or weaned, period of
breastfeeding and weaning age of study subjects were studied. None of these variables
affected SZL among study subjects except weaning. Among 110 stunted children (cases
subjects) who were weaned, 74.5 % of them had zinc deficiency. Present results reflect the
strong relationship between weaning and zinc deficiency in Gaza Strip.

This is a

consequence of low zinc intake especially during weaning period, when complementary
diet does not meet zinc requirements (Dorea, 1993). Present result agrees with Persson et
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al., (2007), when he analyzed whether food causes impaired iron and zinc status in 1year-old Swedish infants. The study revealed that the children who were weaned and had
fortified food, had zinc deficiency. It was explained by reducing bioavailability of iron and
zinc from diet (Persson et al., 2007). In addition to that, the needs for zinc are high in
infancy. Zinc supplementation recommended when there are widespread deficiencies and
when habitual food consumed cannot meet recommended intake (Tontisirin et al., 2002).
Concerning the appetite of study subjects, the result reflected significant relationship
between appetite and SZL. It was found that, most of stunted subjects who had fair or poor
appetite, had zinc deficiency, while 94.4 % of non-stunted subjects who had good appetite,
had normal zinc level. This result agrees with Shay and Margain (2000) study. They
reported that, zinc deficiency might cause a decrease in appetite, which can cause anorexia.
Appetite disorders, in turn, cause malnutrition and, notably, inadequate zinc intake (Shay
and Margain, 2000). Zinc deficiency is also known to impair taste perception and appetite
(Hotz and Brown, 2004).
Concerning the number of daily meals and snacks, it was found a strong relationship
between number of daily meals in control subjects and SZL.

Since the significant

relationship was shown in non-stunted children, it reflects that, decreasing in the number of
daily meals and snacks can cause zinc deficiency. A strong relationship between daily
snacks and SZL was shown in stunted and non-stunted subjects. International workshop
on micronutrients and child health had reported that, the number of meals daily as one of
the factors that affects serum zinc concentration (Krishna, 2009).
Results showed that, frequency of milk drinking plays a role in SZL. A significant
relationship was clear in control subjects (P= 0.003). This result may be attributed to the
breast-milk remains a potentially important source of zinc for infants and young children
who continue breastfeeding beyond early infancy (Brown et al., 2009). Human's, cow's
and sheep's milk contain small amounts of zinc (Sato and Murata, 1991). Since zinc
content is small in milk, its logic that increasing drinking frequency of milk will increase
the amount which is received from zinc.
Frequency of meat eating affects SZL, 96.0 % of control subjects who ate meat ≥ 1 times
weekly had normal SZL (P = 0.001).

This result indicated that, increasing frequency of
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meat eating increase SZL. Meat is considered as one of the best source for zinc in the diet,
and the bioavailability of zinc from animal products is greater than that from plants (Gandy
et al., 2006).
Statistical analysis showed that, there is no statistical relationship between SZL and eating
frequency of liver among case and control subjects. Our results disagree with the fact that,
the rich sources of zinc are liver, and seafood (Advanced Health & Life Extension, 2009).
This result can be explained by the rare consumption of liver among tested subjects; it was
found that, 98 case subjects and 90 control subjects ate liver < 1 time weekly.
When relationship between eating frequency of fish and SZL was studied, it was found
that, there is statistical significant relationship between eating frequency of fish and SZL
among control subjects. This result agrees with fact that, the rich source of zinc is seafood
(Advanced Health & Life Extension, 2009).
The effect of eating frequency of legumes on SZL was studied. Statistical significant
relationship was shown in stunted children (P = 0.026), and in non-stunted children (P=
0.000). Since the relationship was presented in case and control subjects, it reflects the fact
that increasing eating frequency of legumes will increase zinc deficiency. This result
agrees with many studies. The result may attribute to the abundance of zinc inhibitors,
such as phytates, which found in legumes in large amount (Sandstead, 1991).
Sandstrom and Lonnerdal (1989) reported that, the content of phytate, which found in
cereals and legumes have a strong potential for binding divalent cations and depressive
effect on zinc absorption. In addition, it was reported that, zinc deficiency was high in
populations who consumed rice-based diets because cereal proteins reduced bioavailability
of zinc (Kapil et al., 2003).

5.9 Distribution of SZL by recurrent episodes of diarrhea
Present results showed that, there is positive association between number of recurrent
episodes of diarrhea and SZL among case and control subjects in Gaza Strip. Our results
was agree with WHO and UNICEF (2004) who reported that, zinc deficiency plays serious
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role as the cause of diarrhea and agree with their recommendations to use of zinc
supplementation for the treatment of childhood diarrhea.
Our results agree with Bitarakwate et al., (2003) results when determined the serum zinc
status of children aged 6-36 months with persistent diarrhea in Uganda. Authors reported
that, the serum zinc concentration of children with persistent diarrhea was significantly
lower than that of children without diarrhea.
Concerning the relationship between duration of diarrheal attack and SZL, it was found
that, there is significant relationship. Preset result agrees with Bhutta et al., (2000) when
reported that, zinc supplementation reduces the duration and severity of acute and
persistent diarrhea.

5.10 Distribution of SZL by recurrent episodes of RTI
Present results agree with the most studies, which were conducted in India, Jamaica, Peru,
and Vietnam, which indicated an overall 41% reduction in the incidence of pneumonia
among zinc-supplemented children (Bhutta et al., 1999). These studies documented the
positive correlation between zinc deficiency and recurrent episodes of respiratory tract
infection. This positive correlation between zinc deficiency and recurrent episodes of
respiratory tract infection can be caused by zinc deficiency, which reduces immune
responses (Chandra, 1997). Zinc deficiency leads to impairment in immunological and
other defense mechanisms that increases rate of serious infections (Shankar and Prasad,
1998).
It was reported that, zinc is involved in the maintenance of skin and mucous membranes,
leukocyte function and improve immune function. A recent meta-analysis of randomized
efficacy trials conducted in South Asia confirmed that, routine oral daily or weekly zinc
supplementation for at least 3 months reduces significantly the incidence of childhood
acute lower respiratory tract infection (Roth et al., 2008).
Prasad et al., (2000) studied the efficacy of zinc therapy for common cold.

They

concluded that, zinc was associated with reduced duration and severity of common cold
symptoms.
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Logistic regression was done to study the impact of zinc deficiency on stunting as well as
the effect of eating frequency of legumes, recurrent episodes of diarrhea and recurrent
episodes of RTI as the cause of zinc deficiency.
Concerning the impact of zinc deficiency on stunting, the results of logistic regression,
which presented in table 17 was similar to cross-tabulation result, which presented in table
2.

These two results indicated the positive correlation between zinc deficiency and

stunting. These results agree with Brown et al., (2002) who reported that zinc deficiency is
associated with poor growth and presumed to be the underlying cause of stunting.
Romana et al., (2005) illustrated that zinc supplementation increases linear growth in
stunted children. They have suggested that these high rates of stunting may be partially
due to zinc deficiency.
When the effect of eating frequency of legumes on zinc deficiency was studied, it was
shown the result of logistic regression, which presented in table 16, agrees with the result
of cross-tabulation, which was presented in table 12. These two results indicated that,
there are statistically significant differences between eating frequency of legumes and zinc
deficiency. These results give an impression that, the legumes has negative effect on SZL.
The bioavailability of zinc from animal products is greater than that from plant (Gandy et
al., 2006), and it is known that most of food assistance which was provided by UNRWA
and NGOs consist of legumes. In addition, most families depend on food assistance for
their daily diet, since poverty reaches more than 70 % in Gaza Strip (PCBS, 2009). The
present results toll alarm bell to decision makers, who are responsible for food assistance
and food security in Gaza Strip. WHO (1996 c) reported that population with inadequate
intake of zinc were concentrated in areas of the world consuming plant-based diet in which
zinc was low to moderate bioavailability. Present results agree with Wise (1995), who
reported that, phytates which are present in legumes, whole-grain breads, cereals, and other
food bind zinc and inhibit its absorption and the bioavailability of zinc from legumes and
plant food is lower than that from animal food.
Concerning the relationship between zinc deficiency and recurrent episodes of diarrhea, the
results of logistic regression, which presented in table 16, agree with cross-tabulation
results (table 14). These results indicated that, zinc deficiency had a serious effect on
recurrent episodes of diarrhea. These results agree with WHO recommendation, which
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encourage widespread use of zinc supplementation for the treatment of childhood diarrhea
(WHO and UNICEF, 2004). Present results agree with Bitarakwate et al., (2003) who
concluded that there is a high prevalence of zinc deficiency among Ugandan children with
persistent diarrhea. Our results agree with many studies concerning diarrhea and SZL,
which recommended zinc supplementation to decrease duration and severity of diarrhea
[Fajolu et al., (2008), Roy et al., (2007) and Bhutta et al., (2000)].
Concerning the relationship between zinc deficiency and recurrent episodes of RTI, the
results of logistic regression, which presented in table 16, agree with cross-tabulation
results (table 15). These two results indicated that, zinc deficiency had a strong effect on
recurrent episodes of RTI. Present results agree with Kumar et al., (2003), who reported
that, cases of severe pneumonia had significantly lower blood zinc level as compared to
age, sex and nutritional status matched controls in North India. Bhandari et al., (2002) also
reported that zinc supplementation reduce incidence of pneumonia.
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Chapter 6
Conclusion and Recommendations
This chapter provides the main conclusions of this study as well as some recommendations
for decision makers for adopting new strategies to reduce zinc deficiency and stunting.
Recommendations studies for further investigation are also mentioned in this chapter.

6.1 Conclusion
Zinc deficiency is a major public health concern. Since there is no previous research about
SZL and stunting conducted in Gaza Strip, this study was carried out to answer this
question and to find out if there is a relationship between zinc deficiency and stunting
among toddlers aged 1-3 years in Gaza Strip.
Data were collected by face to face questionnaire from 258 mothers of children aged 1-3
years. Weight and height for all subjects were measured by the researcher himself and the
results were entered to WHO anthro, (2007) software to calculate Z- score of height-forage, weight-for-age and weight-for-height. A total of 258 blood samples were collected
[137 blood samples were collected from stunted children and 121 blood samples were
collected from non-stunted children].
•

There is a strong positive correlation between stunting and zinc deficiency. The
majority of stunted children (70.1%) had zinc deficiency, while the high percentage
(88.4 %) of non-stunted children had normal zinc level. These results emphasize
that, zinc deficiency play a serious role as the cause of stunting in Gaza Strip. The
results also revealed that there is no clear relationship between underweight and
zinc deficiency, while there is statistical relationship between wasting and zinc
deficiency.

•

The study demonstrated that the high percentage of zinc deficiency was found in
male stunted children (72.2 %), and in stunted children who aged 25-36 months
(73.8 %). Clear variations were found in distribution of stunted children who had
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zinc deficiency according to their living side. The majority of them (77.3 %) lived in
Gaza governorates, while the high percentage (75 %) of stunted children, who had zinc
deficiency lived in refugee camps.

•

The study showed that (81.2 %) of stunted children who had zinc deficiency had
mothers learned less than 6 years, which indicates the strong association between
the level of mother education and SZL.

•

There is positive association between crowding at home and zinc deficiency.

•

Relationship was found between serum zinc level and kind of father employment.

•

The family income has effective role in zinc deficiency.

•

No statistical significant differences were found between environmental factors
(source of drinking water, storage of drinking water, presence of municipal sewage)
and SZL.

•

A positive relationship was identified between being still breastfeeding and serum
zinc level, 74.5 % of stunted children who were weaned had zinc deficiency.

•

Child appetite affects serum zinc level. All stunted children who had fair appetite
were zinc deficient.

•

There is positive correlation between number of daily meals and daily snacks and
serum zinc level.

•

There is strong relationship between increase the number of frequency of milk
drinking, frequency of meat eating, frequency of fish eating and normal SZL.

•

The study demonstrated a strong and statistically significant relationship between
eating frequency of legumes and zinc deficiency.
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•

A strong relationship was identified between zinc deficiency and recurrent
episodes of diarrhea. Also the study exhibited that, zinc deficiency affects on the
duration of diarrhea.

•

A strong relationship was identified between zinc deficiency and recurrent episodes
of RTI. (78.8 %) of stunted children with zinc deficiency had more than 8 episodes
of RTI yearly. Also the study exhibited that, zinc deficiency affects on the duration
of RTI.

•

Logistic regression was performed to examine the result of eating frequency of
legumes, stunting, recurrent episodes of diarrhea, and recurrent episodes of RTI and
zinc deficiency. Logistic regression values agree with cross-tabulation.

6.2 Recommendations
•

The study provided clear evidence of widespread of zinc deficiency among stunted
children in Gaza Strip. There is suggestive evidence that zinc deficiency has
important negative effects on health of children. Policy makers were advised to
develop interventions to improve zinc status of the population with emphasis in the
sub-populations with higher risks: rural areas, the poorest children and women.

•

Using nutritional surveillance which done in nutritional department in MOH to
reduce prevalence of stunting and its future complications.

•

MOH should be encouraged to use the techniques and indicators currently available
for the assessment of SZL for stunted children and other risky groups.

•

Policy makers should collect specific information on population zinc status and
should use information to develop appropriate intervention programs.

•

The results of this study should be used to plan for interventions aimed to improve
the zinc status of the children.
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•

Using planned strategies for food security and food assistance to ensure balanced
food.

•

Create units in primary health care centers to treat malnutrition problems.

Recommendations for future research
•

Further studies are needed to explore the prevalence of zinc deficiency among
children under 5 years in Gaza Strip.

•

Further studies are needed to estimate the cost of screening serum zinc level
and routinely provided zinc supplementations.

•

Specific research is recommended to investigate the risk factors associated with
recurrent episodes of diarrhea among children under 5 years old in Gaza Strip.
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Annex 1
Operational Definitions
Independent variable: Zinc deficiency. Dependant variable: Stunting

Definition of case
Male and female children aged 1-3 years of life who their height-for-age less than Z-score
-2 SD (stunted children) in Gaza Strip.

Definition of control
Male and female children aged 1-3 years of life who their height-for-age more than Z-score
-1 SD in Gaza Strip.

Zinc deficiency
According to WHO / UNICEF /IAEA/ IZiNCG report, zinc deficiency is defined when
morning, non-fasting serum zinc level less than 65µg/dL (WHO/ UNICEF/IAEA/ IZiNCG
2007 and IZiNCG, 2007 b).
For conversion to µmol/L, divide by 6.54 (IZiNCG,

2007 b).

Stunting
Signifies slowing in skeletal growth, literally it can be also translated as shortness. It can
be measured by the reference value of height for age. Height for age is an indicator of the
degree of stunting (WHO, 1995). Statistically, stunting is defined as height-for-age less
than -2 SD of the WHO Child Growth Standards median (WHO, 2006 b).

Underweight
Measured by the reference value of weight for age. Weight for age is an indicator of the
degree of underweight (WHO, 1995). Statistically, underweight is defined weight-for-age
less than -2 standard deviations (SD) of the WHO Child Growth Standards median (WHO,
2006 b).
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Wasting
Wasting indicates a deficit in tissue and fat mass. It can be measured by the reference
value of weight for height, which indicates the degree of wasting (WHO, 1995).
Statistically, wasting is defined as weight for height less than -2 standard deviation (WHO,
2006 b).

Diarrhea
Diarrhea is loose, watery stools; stool passes more than three times a day for more than 2
days (National Digestive Diseases Information Clearinghouse, 2007).

Episode of diarrhea
Diarrhea episodes are considered the next when diarrheal attack occurs after a symptomfree period of at least one week (Henrique and Nuno, 2003).

Recurrent episode of diarrhea
When diarrheal attacks are more than 6 episodes per year or >3 episodes per 6 months or
more than 2 episodes in 3 months can be defined as recurrent diarrhea (Deepak, 2008).

Respiratory Tract Infection (RTI)
RTI includes any infectious disease of the upper or lower respiratory tract. Upper
respiratory tract infections include the common cold, laryngitis, pharyngitis, rhinitis,
sinusitis, and tonsillitis. Lower respiratory infections include bronchitis, bronchiolitis,
pneumonia, and tracheitis (Mosby, 2009).

Recurrent episode of respiratory tract infection
Recurrent RTI was defined as eight or more episodes per year (Esposito, 2005).
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Annex 2
Map of Palestine
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Annex 3
)Informed consent (Explanatory Latter

ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻨﻘﺹ ﻤﺴﺘﻭﻯ ﺍﻟﺯﻨﻙ ﻭﻗﺼﺭ ﺍﻟﻘﺎﻤﺔ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﺒﻌﻤﺭ  3-1ﺴﻨﻭﺍﺕ ﻓﻲ ﻗﻁﺎﻉ ﻏﺯﺓ
ﺃﻨﺎ ﺍﻟﺒﺎﺤﺙ ﺯﻴﺎﺩ ﺭﺒﻴﻊ ﺯﻗﻭﺕ ﻁﺎﻟﺏ ﻤﺎﺠﺴﺘﻴﺭ ﻓﻲ ﺒﺭﻨﺎﻤﺞ ﺍﻟﺘﻐﺫﻴﺔ ﺍﻟﻌﻼﺠﻴﺔ ﻓﻲ ﻜﻠﻴﺔ ﺍﻟﺼﻴﺩﻟﺔ ﺒﺠﺎﻤﻌـﺔ
ﺍﻷﺯﻫﺭ ،ﺃﻗﻭﻡ ﺒﺩﺭﺍﺴﺔ ﺒﺤﺜﻴﺔ ﺤﻭل ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻨﻘﺹ ﻤﺴﺘﻭﻯ ﺍﻟﺯﻨﻙ ﻭﻗﺼﺭ ﺍﻟﻘﺎﻤﺔ ﻋﻨﺩ ﺍﻷﻁﻔﺎل ﺒﻌﻤﺭ
 3-1ﺴﻨﻭﺍﺕ ﻓﻲ ﻗﻁﺎﻉ ﻏﺯﺓ.
ﻨﺸﻜﺭﻜﻡ ﻋﻠﻰ ﻤﻭﺍﻓﻘﺘﻜﻡ ﺍﻟﻤﺸﺎﺭﻜﺔ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ،ﻭﻨﻌﻠﻤﻜﻡ ﺒﺄﻥ ﺍﻟﻤﺸﺎﺭﻜﺔ ﻁﻭﻋﻴﺔ ،ﻭﺃﻥ ﺃﻱ ﺒﻴﺎﻨﺎﺕ ﺃﻭ
ﻤﻌﻠﻭﻤﺎﺕ ،ﺴﺘﻜﻭﻥ ﺴﺭﻴﺔ.
ﻤﺸﺎﺭﻜﺘﻜﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺴﺘﺴﺎﻫﻡ ﻓﻲ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻰ ﺒﻌﺽ ﺍﻟﻤﺸﺎﻜل ﺍﻟﺼﺤﻴﺔ ﻋﻨﺩ ﺍﻷﻁﻔـﺎل ،ﻭﻫـﻡ
ﺃﻏﻠﻰ ﻤﺎ ﻨﻤﻠﻙ ،ﻭﻭﻀﻊ ﺍﻟﺤﻠﻭل ﻟﻬﺎ
ﺍﻟﻁﺎﻟﺏ
ﺯﻴﺎﺩ ﺭﺒﻴﻊ ﺯﻗﻭﺕ
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Annex 4
Questionnaire
THE RELATIONSHIP BETWEEN STUNTING AND ZINC
DEFICIENCY AMONG TODDLERS AGED 1-3 YEARS IN GAZA
STRIP
Serial number of questionnaire: ----------

Part 1
Demographic data

1- Date of visit: -------------------

2- Governorate:

North

Gaza

Middle

Kan Yunis

Rafah
3- Child's name: --------------------

4- Child's sex:

Male

Female

5- Child's birth date: ---------------

6- Child's age in months: -----------

7- Family residency. (Where do you live?)

Refugee camp
City

Town
Cluster

85

Part 2
Socioeconomic status
8- Father education:

Years

9- Mother education:

Years

10- Family members:

11- Total number of persons living at home:

12- Number of rooms at home:

13- Number of people sleeping with child at the same room:

14- What is the main source of drinking water at home?
Special ground wells

Water pipes

Filtered water

15- Where do you store your drinking water?
Plastic tanks
86

Metal tanks

16- Is your house connected whith the municipal sewage
system?

Yes

No

17- Are there any of the following available in the households?
Electricity

Refrigerator

Stove

18- Father employment:

Employed

Not employed

18.a. If he is an employee; what kind of employment?----------------

19- Mother employment:

Employed

Not employed

19.a. If she is an employee; what kind of employment? ---------------

20- Family income per month:

NIS

21- Did the family receive any economic assistance?

Yes

No

If yes:
21. a. What type of assistance?

Money
Other

21. a.1. If other; please specify: ----------------------------------------------------------------------------------------------------------------------
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Food

21.b. How often the family receives those assistance?
Regularly

Occasionally

Part 3
Child's health status

22- Did you breastfeed your baby?

Yes

23- Did you still breastfeed your baby?

Yes

No

No

24- Baby breastfeeding period:

25- Weaning age:
26- Child's appetite:

Good
Fair

27- How many meals did the child eat per day?

28- How many snacks did the child eat per day?

88

Poor

29- How many times the child actually eats the following diet?
Food Kind

Daily

3-5 times
weakly

1-2 times
weakly

1 time
weakly

1 every
2 weak

Milk and Dairy products
Meat (fresh or frozen)
Liver (fresh or frozen)
Fish (fresh or frozen)
Legumes (Beans,
Lentils, Chickpeas)
Vegetables
Fruits

30- How many times did the child suffer from recurrent episodes of diarrhea?
Last year

Last 6 mon.

Last 3 mon.

30. a Duration of last attack:

31- How many times did the child suffer from recurrent episodes of respiratory tract
infection?
Last year

Last 6 mon.

Last 3 mon.
31. a. Duration of last attack:

32- Did the child suffer from any other diseases?
Yes
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No

Rarely

32. a. If yes; please specify: --------------------------------------------------

33- Did the child receive any medical drugs?
Yes

No

33. a. If yes; please specify: ------------------------------------------------

Part 4
Anthropometry
34- Child's height:

cm

35- Height for age:

SD

36- Child's weight:

kg

37- Weight for age:

SD

38- Weight for height:

SD
Part 5
Lab test

39- Child's serum zinc level:

µg. /dl
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Annex 5
Approval of Helsinki committee
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Annex 6
Approval of primary health care director
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Annex 7
Approval of UNRWA health director
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Annex 8
Approval of Ard El Insan Palestinian Benevolent Association director
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