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ACUTE RESPIRATORY TRACT INFECTION (ARI) ASSOCIATED 
WITH LOW ZINC LEVEL IN SEVERELY MALNOURISHED 
CHILDREN.

ABSTRACT: 

Objective:

To determ ine the zinc status in severely m alnourished children suffering from ARI, by 

sim ultaneous estimation o f  serum and hair zinc.

Subject and Method:

A case control 4 cell prospective study was conducted on 152 children aged between 6  

months to 60 months. O f them 35 children had ARI (Pneum onia) w ithout m alnutrition, 

47 children had severe protein energy malnutrition (PEM ) without Pneum onia or other 

significant clinical problem and 32 children had severe PEM com plicated by ARI. Thirty 

eight well nourished children without significant clinical problem o f  the same age group 

were taken as control. The study was carried out in Dhaka Shishu Hospital and the 

duration o f  the study was from July 1995 to February 1998. Zinc status was assessed by 

determ ining Zinc concentration in serum and hair simultaneously. Zinc concentrations 

were estim ated by Flame Atomic absorption spectrophotom etry (A A SP) in chem istry 

division o f  Atomic Energy Centre, Dhaka after proper sam ple collection and after 

properly processing the sam ples for determ ination o f  zinc by AASP. Results were 

expressed in parts per million (ppm).

Results:

The results o f  the study showed that serum zinc was significantly low (p<0.05) in ARI 

(1.26±0.60 ppm) PEM (1.31 ±0.55 ppm) and PEM associated with ARI (0.90±0.,5I ppm)
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than control (1.76±0.98 ppm). Serum zinc in ARl with PEM was also found significantly 

low (P<0.05) than ARI without PEM. Corresponding hair zinc was also found 

significantly low (P<0.05) in ARl (158±48 ppm), PEM 174±75 ppm) and in ARl 

associated with PEM (177±70 ppm) than control (249±154 ppm). H owever unlike serum 

zinc, there was no significant difference between hair zinc in ARl with that o f  ARl 

associated with severe PEM. In addition to bivariate analysis, m ultivariate linear logistic 

regression model used, showed significantly negative association o f  serum zinc with ARl 

(PE= -3.664, p=0.0139), PEM (PE= -2.933, p = 0.0016) and with A Rl associated with 

PEM (PE= -3.694, p = 0.0034). Hair zinc although statistically not significant, also 

showed negative association with ARl (PE = -0.003, p = 0.884) PEM (PE = -0.006, p = 

0.128), and with ARl associated with PEM (PE= -0.003, p= 0.447).

Conclusion:

The results o f  the study suggest that low zinc status is associated with ARl and PEM and 

zinc status is further decreased when ARl occurs in PEM children. A ssessm ent o f  zinc 

status which is unreliable by estimating zinc in single body fluid or tissue can be 

removed by simultaneous estimation o f  zinc in serum and hair which will reflect more 

reliable index o f  zinc status o f  body. Interventions to improve zinc intake in children o f  

developing countries like Bangladesh particularly to m alnourished children will improve 

zinc status and thereby expected reduce ARl and PEM related m orbidity and mortality.
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ABBREVATION

AASP ; Atomic absorption spectrophotom etry

AE Acrodermatitis enteropathica

ALRl : Acute lower respiratory tract infection

ARl Acute respiratory tract infection

BIA : Bioelectric impedance analysis

BINP Bangladesh integrated nutrition intervention program me

BM I : Body mass index: weight in kg/height in m^

Ca : Calcium

Cl : Confidence interval

CM l : Cell mediated immunity

CNS : Child Nutrition Survey

CRIP : Cysteine rich intestinal protein

CRP : C reactive protein

Cu : Copper

DTH : Delayed type cutaneous hypersensitivity

FFBM  : Fat free body mass

FM : Fat mass

H/A Height for age

IAEA International atom ic energy agency

ICU : Intensive care unit

IRR Increased respiratory rate

LCl : Lower chest indrawing

NAH RES Nutrition and health related environm ental studies

NCHS National centre for health statistics
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OR

PEM

RBP

RDA

SD

TBW

UNICEF

W/A

W/H

WHO

Zn

Odds ratio

Protein energy malnutrition

Retinol binding protein

Recommended dally allowance

Standard deviation

Total body water

United nations children fund

Weight for age

Weight for height

World health organization

Zinc
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ACUTE RESPIRATORY TRACT INFECTION (ARI) ASSOCIATED 
WITH LOW ZINC LEVEL IN SEVERELY MALNOURISHED 
CHILDREN.

SPECIFIC INTRODUCTION:

State of ARI and Malnutrition in World’s Children and their Contribution in 

Child Mortality

M alnutrition is a major child health problem o f  developing countries like Bangladesh 

(Kabir and M osleuddin 1996)' and continues to be a serious problem. A ccording to 

UNICEF, the state o f  world children 1998 report some 56% o f  Bangladeshi children 

under five suffer from moderate to severe malnutrition, 2 1 %  o f whom are severely under 

w eight (UNICEF)^. About 25% - 50% o f  children in developing countries die before 

their fifth birthday and over 50% o f  these deaths are related directly or indirectly to 

m alnutrition (Puffer RR and Serrand CD I9 7 3 ) \ O f the nearly 12 million children under 

five who die each year in developing countries mainly from preventable causes the death 

o f  over 6  million or 55% are either directly or indirectly attributable to malnutrition 

(W HO, 1996)“'. M alnourished children are more vulnerable to infection. In majority o f  

deaths in developing countries, infections are common association (Tom kins A, W hatson 

F I989)^ M alnourished patients are more vulnerable to infection including pneum onia 

(Frank S,I985)^. M ost o f  the severely malnourished children adm itted in hospitals o f  

developing countries like Bangladesh have various infections for which admission are 

sought (Kenneth, Robert and others 1981)\ Study carried out in Dhaka Shishu Hospital 

found acute respiratory tract infection (ARI) was the com m onest infection in severely 

malnourished children (Shakur, Bano and Ehsan 1991)*. Acute respiratory tract infection 

(ARI) is now one o f  the most important causes o f  mortality in children o f  developing 

countries like Bangladesh. According to WHO 1991 report about 13 million children die
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every year in the world, 95%  o f  them in developing countries where pneum onia is one o f  

the leading causes, accounting for about four million death (W HO, 1991)^.

Various other studies done in various parts o f  the world including world health statistics 

also showed pneum onia as leading cause o f  death in developing countries accounting for 

one third o f  all childhood death in developing countries (Leoski J, 1986; Denny 

FW ,1986;G arenne M, 1992)'" "  ' I

O f the nearly twelve million children who die every year in developing countries 19% 

are attributable to ARl, 19% are attributable to diarrhoea & 55% are either directly or 

indirectly attributable to malnutrition (W HO, 1996)‘‘. However in Bangladesh in 

particular the figure is even worse. Out o f  380,000 death under 5 year, 120000 that is 

35%  are attributable to acute respiratory tract infection, 95,000 i.e. 25%  attributable to 

diarrhoea and 65%  are directly or indirectly attributable to m alnutrition (Baqui 

AH,1998)'^

M alnutrition is one o f  the risk factors for ARl including pneum onia causing increasing 

case fatalities from Pneumonia (James JW ,1972; Zaman K,1996; de Francisco A, 1993) 

Severely malnourished children die in majority cases due to infection and among 

infections ARl is the leading cause o f death (W H O ,1981)'^  At Balbela hospital in 

Djibouti mortality was 12% in children with acute respiratory tract infections or 

gastroenteritis but when children admitted with these infections had the added 

com plication o f  PEM (Protein Energy M alnutrition) death rates rose to nearly 25% 

em phasising for need for improved skills in the treatment o f  PEM, when it is associated 

with these conditions (M ohammed 1993)’*.
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Literature review revealed that over the past t'lve decades m edian case fatalities has 

remain unchanged am ong severe PEM which range from 20% -30%  (U N ICEF 1993)'’ . 

Even in 1990s, mortality rates o f  49%  have been reported for m alnourished children in 

hospital, although low rate also occurs (Schofield C et al,1995)‘‘*. But according to WHO 

in the managem ent o f  severely malnourished children a mortality rate o f  more than 2 0 % 

is unacceptable, 11% - 20%  is poor 5% to 10% is m oderate, 1% to 4%  is good and <1% 

is excellent (W HO 1999)^'. High case fatalities in hospitals have been attributed to faulty 

case management, which arises because staffs are unaware o f  how to treat severely 

malnourished children and lack prescriptive guideline (W H O, 1999)'' Sclierbaum 

concluded that therapeutic feeding is predominantly influenced by protein dogm a o f  past 

decade with no consideration o f  recent scientific knowledge (Scherbaum  et al. 1992)^^. A 

survey o f  treatment centres world wide to identify the cause o f  unchanged high mortality 

showed that for acutely ill PEM children inappropriate diets, high in protein, energy and 

sodium and low in micronutrient including zinc are com m on place (Schofield C et al. 

1995)^". Even in 1990s mortality rates o f 49%  have been reported for m alnourished 

children in hospital, although very low rate also occur^“. The contem porary view is that 

early dietary m anagem ent should be cautious in terms o f  protein and energy (W aterlow 

JC 1992)” . Appropriate feeding with micronutrient supplem entation together with 

aggressive antibiotics therapy and less use o f  intravenous fluid for rehydration are factors 

that are believed to reduce mortality and morbidity o f  these children (Suskind D, 1990)■^ 

Dietary intake o f  protein o f  1-2 gm/kg body weight and 80-120 kcl/kg body w eight are 

recommended. Higher intakes are inappropriate and may be dangerous in the first few 

days o f  treatment because the malnourished child is in brittle m etabolic state and unable 

to deal with extra metabolic stress. Zinc which plays an im portant role as antioxident 

engaged in scavanging free radicals, thus preventing lipid peroxidation and cell
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m em brane damage and which is present in more than 70 im portant metalloenzym es 

carrying various metabolic activities are practiced as supplem ent in only 15 nutrition 

centres (25% ) out o f  65 nutrition centres observed under m ulticenter studies all over the 

world. (Schofield C, Ashworth N, 1995)^'^.

Effect of Zinc Deficiency in Increased Incidence and Case Fatality from 

Pneumonia and Malnutrition.

The increased unchanged high mortality in severe PEM and increased incidence and 

severity and case fatality o f  pneumonia in m alnourished children as m entioned above 

may be at least partly if not wholly attributable to zinc deficiency. Schofield and 

Ashworth in their study also found among other factors, death rates in m alnourished 

children are significantly higher in those nutrition centres where zinc is not routinely 

given to malnourished children^*’. The increased susceptibility to ARI and other 

infections in malnourished children may be attributable to zinc deficiency in 

m alnourished children (Chandra, 1983)“^  In experimental models, isolated protein 

energy malnutrition does not result in impaired cellular immunity (Good RA, 1979)^*, 

which is usually observed in severely malnourished children, which m ake malnourished 

children vulnerable to infectious including pneumonia. From G ood’s study we can 

therefore assume that it is the low zinc status in malnourished children, which causes 

impaired immunity and subsequently more susceptibility to infections in malnourished 

children. M alnourished children are often reported to have associated micronutrient 

deficiencies (Khanam S, 1988)^’ , including low zinc nutrition (Sm ith ZM , 1964)^*. There 

are num erous reports from different parts o f  the world that zinc deficiency can occur 

with protein energy malnutrition (Hansen JDL 1969 & Kumar S,1977) Low zinc 

and other trace elements were detected in hair, serum, liver and m uscles in PEM patients

Dhaka University Institutional Repository



in many studies all over the world including Bangladesh (Cheek DB, 1970; G olden BE,

1979; Warren PJ, 1969, Malek MA, 1987) 32,33.34 ^

indicated that deficiency o f  zinc may be a cause o f  failure to thrive and m alnutrition in

infancy as also a cause o f  geophagia and poor appetite in infants and children

(Ham bridge KM, 1973)^^ Zinc deficiency may cause anorexia, nausia, hypogonadism ,

anosm ia, parosmia and weight loss (llam bidge KM. 1972)^*’. On the absence o f  oedema,

there were significant relation between plasma zinc concentrations and stunting, skin

ulceration and wasting (Golden BE, Golden M HN, 1979)^^. M ost o f  the enzymes

involved in DNA and protein synthesis are zinc metallo-enzyme.

Protean and Nonspecific Clinical and Biochemical Features of Zinc 

Deficiency.

The clinical and biochemical findings in zinc deficiency are sim ilar to that found when 

protein synthesis is inhibited by other mechanism. Indeed there are close similarities 

between zinc deficiency and essential am ino acid deficiency or antim ilotic drug 

administration. Like the essential amino acids, zinc is a com ponent o f  m any key proteins 

and is released only during general protein catabolism. Features com m on to zinc and 

essential amino acid deficiency are:

(1) Rapid development oF anore.\ia and growth failure

(2) N o change in the bound pool

(3) Rapid and profound fall in the free pool

(4) Relative insensitivity to dietary carbohydrate or fat intake

(5) Increased blood am m onia concentration

(6 ) Increased blood urea

(7) 1 ligh risk o f oxidation o f  administered amino acid

( 8 ) A decreased incorporation o f  amino acid into protein
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(9) Reduction o f  polysomes wilh relative increased in m onosom e

(10) Reduced RN A to DN A ratio and

(11) Rise in free pool with starvation (Golden MHN,1982)^^.

The similarities between essential amino acid deficiency and zinc deficiency itself 

suggests that zinc deficiency caused a block in protein and nucleic acid synthesis. 

M oreover, a relative block in protein synthesis and large requirem ent for zinc as a 

constituent o f  cells (about 1 1 0  mg/kg muscle) may result in a limitation o f  lean tissue 

synthesis when zinc is deficient. As described before many o f  the enzym es involved in 

nucleic acid and protein metabolism are zinc metallo-proteins and are dependent on zinc 

(Kratzer FH,1959)^*. Thus the most vulnerable zinc pool is probably represented by 

enzym es o f  protein synthesis. There are striking clinical sim ilarities between 

malnutrition and acrodermatitis enteropathica (AE). They both show anorexia, diarrhoea, 

skin excoriation and break down immune incompctence with fungul infections, cachexia 

and an altered affect. Furthermore, the circulating zinc levels o f  PEM frequently 

approach those seen in AE. It is therefore tem pting to speculate that actual zinc 

deficiency has some effect on the expression o f  m alnutrition apart from the alteration in 

zinc metabolism occasioned by the other com ponents o f  the condition. H owever low zinc 

status often found in PEM is not universal and there is independent relationship between 

hypozincaem ia and clinical feature o f  zinc deficiency (Golden and Banett 1988)^^. For 

exam ple zinc deficiency associated with severely malnourished children in Indian 

subcontinent may not be found in severely malnourished children o f  A frica or South 

America. In some parts o f  the world most children with malnutrition have xeropthalmia, 

whereas it is very uncommon in other geographical location. Now it is said that in some 

parts o f  the world, malnutrition is complicated by superim posed vitamin A deficiency, 

whereas it is not a complicating factor in other location (Golden MHN, Golden BE,

10
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Benett FI, 1985)'*®. Trace element deficiencies particularly zinc deficiency have been 

considered analogous in this regard to vitamin A deficiency and zinc or other trace 

elem ent deficiencies may or may not be associated with severe PEM depending on 

geographical locations. Very low zinc found in Acroderm atitis enterophathica was not 

found in that extent in h>pogonadal dwarfs associated with mild zinc deficiency in 

children o f  M iddle East and signs o f  zinc deficiency such as frequent infections, skin 

lesions, diarrhoea are not common features o f  stunted children associated with mild zinc 

deficiency o f  children in Colarado, USA, which are com m on in zinc deficiency 

associated with malnutrition in the I’hird World (Goldem M H N ,1982)” .

Significance of Assessment of Zinc Status by Simultaneous Estimation of 

Serum and Hair Zinc.

There is no single specific, sensitive and non invasive assay o f  zinc that can 

confidently and com prehensively reflect zinc status o f  the body (Golden and 

G olden ,1981; Jackson, 1991)'" '*̂ . Since until now, there is no single specific non invasive 

assay o f  zinc that can confidently and com prehensively reflect the zinc status o f  body 

clinical understanding o f  diagnosing zinc deficiency will only com e through 

sim ultaneous com parison o f  the predictive value o f  different biochem ical and 

physiological parameters in different com partments o f  body (Solom on I979)'‘^  

A ssessm ent o f  zinc status by determining zinc by sim ultaneous zinc determ ination in 

multiple body fluids or tissue have also been found very useful in other studies as well 

(Prasad AS, 1973; Prasad AS, 1976, Mcbean LD, 1991)‘’‘’ ‘‘* ‘’̂ .We also therefore took the 

tedious job  o f  assessing zinc status by simultaneous estimation o f  zinc in two 

com partments, in serum and in hair. Intelligent interpretation o f  serum zinc is still 

considered at present the best way to assess zinc status as far as zinc estim ation in only

II
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single body tissue or fluid is concerned (Aggett PJ, 1994)'’’ . On the other hand the 

popularity o f  using hair as a biopsy tissue for trace elements including zinc resides in 

parts, in the ease with which samples may be collected in a non invasive and non 

traum atic way which is best suited for children, in the ease with which sam ples may be 

stored and in the stability o f  the samples after collection. In addition, the concentration o f 

most trace elem ents including zinc are frequently one or two orders o f  m agnitude greater 

in hair than they are in more conventional biopsy tissues such as urine or blood 

(NAHRES 22, IAEA, Vienna, 1994)'**. The above facts were the rationale o f  selecting 

serum and hair for determination o f  zinc concentrations sim ultaneously in those two 

com partments. However, serum zinc which reflect the zinc status o f  the mom ent varies 

with various physiological and pathological conditions and with food spacing. Strong 

zinc hom eostasis o f  the body tends to keep serum zinc to alm ost normal level inspite o f  

severe clinical zinc deficiency. On the other hand, hair zinc, which is m ore stable and 

indicate zinc status o f  the past do not fluctuate readily with various patho-physiological 

conditions o f  the body. However it holds good to estim ate zinc in suboptiom al zinc 

deficiency only (Pallauf J,1973)‘*‘̂ . In severe zinc deficiency when zinc supply becomes 

limiting to hair follicles, zinc accumulates in higher concentration in hair follicles 

thereby increasing the hair zinc concentration leading to paradoxically high hair zinc 

concentration (Agette PJ, 1994)'*’ . On the other hand with marginal zinc supply, that is 

when it is less limiting on hair growth, hair zinc concentrations do reflect marginal zinc 

deprivation, features o f  which such as growth retardation, responds to zinc 

supplem entation (Cavan KR,1993 and Gibson RS, 1989)^°'^'. However if  we can assess 

zinc status by simultaneous estimation o f  serum and hair zinc and by careful 

interpretations o f  their concentration in these two com partments, keeping in mind, the 

various physiological and pathological conditions which may influence there

12
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concentration in various ways, we can more reliably and less erroneously assess zinc 

status o f  m alnourished children who are more vulnerable to various stressful conditions. 

Although until now zinc deficiency is best dem onstrated only by observing the effects o f 

zinc supplementation under specific conditions with appropriate controls, a beneficial 

effect o f  zinc supplem ent is observed only in the presence o f  preexisting biochemical 

zinc deficiency (Sanstead HH,1970)” . It has been found by Hallbook et al that chronic 

leg ulcer healed faster with zinc therapy, only if the pretreatm ent serum zinc level was 

found low, the cut o ff  point in their study was < 1 10|igm/100 ml (Hallbook T, 1972)^^. 

We therefore also hypothesized that malnourished children will be m ore benefited and 

will suffer less from pneum onia and severity o f  pneum onia if  occurred at all on 

malnourished children will be significantly reduced, if  zinc supplem ent are given to 

those m alnourished children who are biochemically zinc insufficient as assessed by 

sim ultaneous estimation o f  serum and hair zinc.

On the basis o f  the background mentioned and considering the high and unchanged 

mortality o f  severe malnutrition over the last five decades the study was undertaken to 

determ ine the zinc status in severely malnourished children (severe PEM ) and in severe 

malnutrition associated with pneumonia, with the hypothesis that if  zinc status found 

low, intervention policy may be undertaken to improve the zinc status in m alnourished 

children, which in turn may decrease mortality and m orbidity from severe malnutrition 

and severe malnutrition associated com plications like severe m alnutrition associated with 

pneumonia.

13
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GENERAL INTRODUCTION 

Historical Background of Zinc Deficiency

Zinc is an essential trace mineral in the nutrition o f  microorganisms (Raulin J, 1869)^“, 

plants (Som m er Al, 1926)^^, and animals (Todd WR , 1934)^^. This elem ent has been 

found to be an integral part o f several m cialloen/>m es, including carbonic anhydrase, 

alkaline phosphatase, lactic dehydrogenase, and carboxypeptidase (Parisi AF, 1969)” ; 

zinc is also required for metabolism o f  nucleic acids and synthesis o f  protein (H olt AB, 

1970; Mills CF, 1969; Prasad AS, 1967; Prasad AS, 1969; Underwood EJ, 

1971)58,59,60,61,62, 1 9 ^ 4  zinc deficieiicy was first described in anim als (Todd

WR, 1934)^^, and particularly since 1955 when zinc deficiency was reported to be 

responsible for parakeratosis in pigs (Tucker HF, 1 9 5 5 f^  the effects o f  zinc deficiency 

have been described in a number o f different animal species (Barney GH, 1967; Dynna 

O, 1963; Hurley LS, 1966; Mills CF, 1967; O'Dell BL, 1 959)<>‘*.65,66.67,68 /Anorexia and 

poor growth are prominent features o f  zinc deficiency in young anim als (M acapinlac 

MP, 1966; Mills CF, 1969; Prasad AS, 1 9 6 9 )''"^ '’'.

Human zinc deficiency occurs in Egypt (Prasad AS, 1961; Prasad AS, 1963)™”  and 

other Mid East countries (Halsted JA, 1970)’“, where it is associated with retardation o f 

growth and failure o f  sexual maturation in adolescent males. In other countries, including 

the United States, there have been isolated reports o f  zinc deficiency com plicating 

chronic illness (Caggiano V, 1969)’  ̂ or malabsorption (Mac M ahon RA, 1968)’'*. Rories 

cl al. (Porics W.I. 1967)^' have shown that oral supplementation with zinc accelerates 

healing o f  wounds in surgical patients, and Sandstead et al. (Sandstead HH, 1970)^^ have 

dem onstrated that, in the rat, a beneficial effect o f  such supplem entation is observed only 

in the presence o f  a pre-existing zinc deficiency. Henkin and associates have reported

14
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recently that hypogeusia and dysgeusia are relatively com m on disorders in adults and 

that these abnormalities o f taste can frequently be corrected with oral therapy with zinc 

(Henkin Rl, 1971; Henkin Rl, 1970)^^ ” .

The possibility o f  nutritional zinc deficiency in man was first postulated by Prasad et 

al.(Prasad AS, 1961)™ in 1961. They collected a group o f  boys from Iran who had severe 

iron deficiency anemia, hepatosplenomegaly, short stature, hookworm  infestation and 

marked hypogonadism. The diets o f  these patients consisted mostly o f  bread and beans 

and very little animal product. Prasad et at in 1963 described a second group o f  patients 

from Egypt with hypogonadal dwarfism, anem ia and hepatosplenom egaly (Prasad AS, 

1963)” . These patients had low zinc content in plasma, sweat, hair and red blood cells. 

The plasm a turnover rate o f  zinc was enhanced; there was a sm aller 24 hour 

exchangeable pool and reduced excretion o f zinc in stool and urine. It thus appears from 

these studies that zinc has some role in normal growth and developm ent and that some 

cases o f  hypogonadal dwarfism may be due to zinc deficiency. Sim ilar clinical pictures 

have been described from other places e.g, from Turkey, Portugal, M orocco (Halsted JA, 

1974)’* and aboriginal settlement in Australia (Cheek DB, 1981)’ .̂ Some doubts have 

been cast on Prasad's observation by studies made by Coble et al. (Coble YD, 1966)**' in 

1966. They showed that inspite o f  low zinc level, the cases described by Prasad later 

developed normalcy and that a group o f  randomly selected normal people had also low 

zinc levels. It is probable that other nutritional factors contributed to the developm ent o f 

total picture o f  hypogonadal dwarfism. There is now little doubt that zinc is an essential 

nutrient for man and clinical zinc deficiency can naturally occur. This has been further 

confirm ed by experience with total parenteral nutrition (Solom ons NW , 1979)**'. What 

has recently become apparent is that hypozincaem ia is associated witli hyperuicaem ia
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(C'licck 1)B, 1981; IVasad AS. 1979)’'' *^ An increased relationship between plasm a zinc 

and plasm a copper concentrations was noted in rat (Smith SE, 1946; VanReen R,

Protein Energy Malnutrition and Zinc Deficiency.

Protein energy malnutrition in the developing parts o f  the world is probably the most 

com m on cause o f  zinc deficiency. Many reports have described a low plasm a zinc 

concentration in malnourished children (Golden MHN, 1978)** .̂ Recovery o f  children 

from malnutrition appears to have difficulty with lean tissue formation. They become 

relatively obese with normal skinfold m easurements while they are still underweight for 

their height (Brooke C)G, 1976)’**'. Musclc biops\ shows that recovered children have 

small m uscles that are still actively growing (Hansen Smith FM, 1979; Belton H, 

1980)’*’ ’*’* and physiological m easurement suggests that white m uscles fibres (low in 

zinc) are laid down in preference to red muscles fibres with high in zinc (Belton H,

1980)’'^  Zinc supplementation in diet solves the problem (Golden M HN, I978)* \

There are num erous reports from different parts o f  the world that zinc deficiency can 

occur with protein cak)ries mahuitrilion (Hansen .11)1., 1969; Kumar S, 1977)^'^'^’’.

It has been indicated that deficiency o f  zinc may be a cause o f  failure to thrive in infancy 

as also a cause o f  geophagia and poor appetite in infants and children (Ham bidge KM, 

1973; Hambidge, 1977)^^ **̂  Children with severe PCM during recovery on a milk based 

or a soya protein based diet become zinc deficient and show a low rate o f  weight gain 

and high energy cost o f  tissue deposition. The deficiency is more marked in soya protein 

based d id  due to high phyUilo content. Zinc supplementation increases the rate o f  weight
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gain and reduces the energy cost o f  tissue deposition. If favours lean tissue formation 

rather than causation o f  adiposity (Golden M HN, 1981)^“.

Zinc was used topically by ancient Egyptians in the form o f  calam ine for prom otion o f 

healing and is mentioned in the Ebers papyrus from 1550 B.C. (Failia M l, 1977; Pories 

WJ, 1967)'^'''^^. Over 3,500 years later it is still considered reportable that zinc therapy 

may promote healing o f  infectious and noninfectious skin lesions (Pories WJ, 1967; 

Cross RF, 1981; Verma KC, 1980f^ '̂  ̂'̂ ''.

Perusal o f  most medical texbooks shows that childhood m alnutrition in the tropics has 

been consistently ascribed to feeding a diet deficient in either protein or some 

com bination o f  the two. Kwashiorkor is said to result from "pure" protein deficiency, 

whereas m arasmus arises from protein and energy deficiency. These concepts are 

enriched in the term protein-energy malnutrition.

We now know that the malnutrition o f  these children is much more com plex and is 

unlikely ever to be the result o f  "pure" protein deficiency (Landm an J, 1980)^^. Lack o f 

other essential dietary components, toxins in fresh and spoiled food, and the grossly 

disturbed relationship between the child and his flora are all now thought to play central

roles in the genesis and maintenance o f  malnutrition. To this must be added the role o f
\

infection with recognised pathogenic organisms, which nearly always precipitates and 

usually accom panies malnutrition (Jackson A A, 1983)'^^.

O f the dietary components, the individual essential am ino acids, the vitamins, and the 

m ajor electrolytes have received most attention, whereas fats, nonelectrolyte minerals.
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and the trace elements have been relatively neglected. Past reports o f  abnorm alitites in 

metabolism o f  these nutrients have been viewed as being superim posed on the primary 

defects o f  protein and energy deficiency.

The view that the other deficiencies are epiphenom ena is supported by consideration o f 

xerophthalmia. In some parts o f the world most children with m alnutrition have 

xerophthalmia, whereas it is very uncommon in other geographic locations. This 

difference in clinical signs posed a problem as to whether clinicians were dealing with 

two pathological entities. Phe recognition that xerophthalmia was specially caused by 

vitamin A deficiency resolved the conundrum: Now it is said that in som e parts o f  the 

world malnutrition is com plicated by superimposed vitamin A deficiency, w hereas it is 

not a com plicating factor in other locations; therefore it is not an integral part o f  the 

condition. Trace element deficiencies have been considered, analogous in this regard to 

vitamin A deficiency, as nonessential epiphenomena.

Recently, the central dogma o f  protein deficiency as the dom inant cause o f  kwashiorkor 

has been challenged. The basis o f  this challenge is that the sine qua non o f  kw ashiorkor - 

- nutritional edema, can resolve without any change in plasm a albumin concentration 

(Golden M HN, 1 9 8 0 f’ and on a diet which by conventional criteria is itself deficient in 

protein (Golden MHN, 1982)'^^ Furthermore, there is no relationship between the rate o f  

loss o f  edema and the dietary protein intake. At present the cause o f  nutritional edem a is 

unknown. Several o f  the other cardinal features o f  malnutrition, such as derm atosis, hair 

discoloration, and fatty liver, are unexplained; They are not seen in experim ental animals 

m alnourished with formula diets containing a sufficient vitamin and trace elem ent 

supplem ent; they are seen in animals given the foods ingested by m alnourished
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popiilalions. 'I'he other fealiires o f  malnutrition, such as anorexia, diarrhea, wasting, 

stunting, and hypoalbuminemia, are common to many noxa apart from protein and 

energy deficiencies. It is quite possible that trace elem ent deficiencies singly or in 

com bination play a primary role in the genesis o f  some o f  the features o f  m alnutrition.

Effect of Zinc on Malnutrition

There are striking clinical similarities between m alnutrition and acrodermatitis 

enteropthica (AE): They both show anorexia, diarrhea, skin excoriation and breakdow n, 

im munoincom petence with fungal infections, and as altered affect. Furtherm ore, the 

circulating zinc levels frequently approach those seen in AE. A priori, it is tem pting to 

speculate that actual zinc deficiency has some effect on the expression o f  malnutrition 

apart from the alterations in zinc metabolism occasioned by the other com ponents o f  the 

condition.

M alnourished children present with spectra o f  clinical signs. In a study done by Golden 

BE, the plasm a zinc concentration was examined in relation to various clinical features 

o f  m alnutrition (Golden BE, 1979)^^ There was no relationship with a history o f  acute or 

chronic diarrhea, observed stool frequency after adm ission to the ward, or anorexia. 

There were statistically Independent relationships between plasm a zinc and nutritional 

edema, skin ulceration, and stunting in height. These relationship do not, o f  course, 

dem onstrate cause and effect. Although plasma zinc concentration Is probably the best 

biochemical indicator o f  zinc status currently available, zinc deficiency can be 

dem onstrated only by observing the effects o f  supplem entation under specific conditions 

and with appropriate controls.
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One o f  the m ajor problems in studying the malnourished child is finding the appropriate 

control. The complexity and heterogeneity necessitate either very large series o f  carefully 

matched individuals or the use o f  the children as their own controls. Golden et al. 

(Golden BE 1979)^^ found in their study that during the first few days after adm ission the 

clinical changes in the children were rapid. Their infections were treated, diarrhea 

controlled, and m ajor electrolyte imbalances corrected, fhey  had a remarkable 

improvement in affect, and they lost their edema. Large supplem ents o f  potassium, 

m agnesium, and vitamins were given therapeutically.

Over this time o f  rapid metabolic changes it was very difficult to ascribe any measured 

changes to provision o f  a particular nutrient despite the correlation which often exists, 

unless the response was dramatic and consistently failed to occur when that specific 

nutrient alone was withheld from the therapeutic regimen.

When exam ining the relationship between zinc and the skin lesions o f  m alnutrition, the 

problem o f  control was circum vented by specifically selecting children with symmetrical 

skin lesions on their limbs. In this way one side o f  the child could act as control, and the 

other was treated with local /inc. Any change in the general condition o f  the child thus 

affected each side identically. A double-blind sequential trial showed much more rapid 

healing o f  the sores with zinc supplementation (Golden M HN, 1980)’ .̂ Since that time, 

zinc has been routinely prescribed for children with open skin lesions: They heal rapidly 

and completely, and we no longer encounter lesions that become indolent, as in the past. 

We can probably ascribe these lesions, which are very sim ilar to those found in AE, to 

zinc deficiency.
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The interesting association between stunting and low plasm a levels may well be due to 

chronic mild zinc deficiency, similar to that described by Ham bidge's group in Denver 

(Ham bidge KM, 1972)^^. Because the children do not receive the sam e diets after 

returning home as they received while developing m alnutrition, this hypothesis is not as 

easily am enable to experimental varification as it was in Denver.

Another cardinal feature common to both AE and malnutrition is increased susceptibility 

to infection. Again, when assessing the immune status o f  these children the results are 

likely to be confounded by the clinical changes that occur after adm ission. Topical 

application o f  zinc and placebo ointments were applied by Golden et al. in their study to 

increase the local cutaneous zinc concentration at the site o f  testing for delayed 

cutaneous hypersensitivity (Golden M HN, 1978)'*’̂’. Golden et al used C andida antigen 

to which all the children had been naturally exposed. The results o f  this study showed 

that all the tests in the zinc-supplem ented arm gave positive reactions, whereas on the 

unsupplem ented side some children gave normal reactions and som e hardly reacted at 

all. The children with the most depressed responses on the unsupplem ented arm had the 

lowest plasm a zinc concentrations. This result indicates that much o f  the susceptibility to 

infection in malnutrition may be attributable to inadequate supplies o f  zinc.

As with vitamin A-associated xerophthalmia, all the children do not have skin lesions or 

such infections as candidiasis. Severe zinc deficiency does not seem to be central to the 

genesis o f  malnutrition (either marasmus or kwashiorkor), but it often com plicates 

malnutrition. It can be recognized clinically by the skin lesions and m ucosal candidiasis, 

and appropriate supplements can be given.
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Zinc Nutriture During Recovery

We cannot conclude from above studies that zinc deficiency alw ays occurs in all 

m alnourished children or zinc status is similar in m alnourished children in different part 

o f  the world. However, it is obvious that to return the muscle and liver to normal will 

require additional zinc, as well as all the other protoplasmic constituents. On an 

individual cell basis (DNA) the content o f  zinc is less than half that o f  a normal cell in 

both liver and muscle. Tissues, particularly muscle, form the m ajor com ponents o f  body 

weight. Mixed muscle tissue contains about 1.7 |.imol Zn/g wet weight (Golden BE,

1981)^°. If  the body is about one-third muscle tissue and the concentration o f  zinc in 

m uscle has to be doubled to allow for repletion o f  its full normal activity, there will need 

to be a retention o f  1.7 X 300 X 0.5 = 255 |.miol zinc/kg body weight. Thus ju st to return 

existing m uscle tissue to its normal state (per DNA which infers hypertrophy) will 

require a retention o f  255 |amol (16.6 mg) zinc/kg. For a 5-kg child this represents the 

total recom m ended dietary allowance for more than 2 weeks. When we consider that no 

account has been taken o f  the repletion requirem ents for other tissues or o f  the facts that 

zinc is not 1 0 0 %  utilized and there are continuing losses, it is obvious that large 

quantities o f  zinc will be required during rehabilitation if the metabolic adaptations are to 

be successfully reversed. To this must be added the requirem ent o f  zinc for new tissue 

synthesis.

Typically, a recovering malnourished child may gain weight at a rate o f  15 g/kg/day. If 

this were lean tissue with a zinc contcnt similar to normal mixed m uscle, a 5 -kg child 

would need to retain an additional 127 i^mol ( 8  mg) zinc/day. O f course, if h a lf the 

weight gained was fatty tissue, only half this amount would be required; nevertheless, it
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then represents nearly the total recommended daily allowance, again with no allowance 

for continuing losses or incomplete absorption.

It is obvious that during rehabilitation very large am ounts o f  zinc are required to replace 

depleted tissues and to permit growth. None o f  the currently used diets supply anywhere 

approaching the amounts o f  zinc required to return the child to normal. It is perhaps for 

these reasons that anthropometrically recovered children still have thin atrophic muscle 

fibres (Hansen-Smith FM, 1979)**’ with a much reduced zinc concentration (C heek DB,

1970)^'.

M alnourished children who are given maintenance diets, which do not permit growth and 

supply only 1.5 )amol zinc/kg/day (less than the content o f  1 g o f  m uscle), maintain their 

plasma zinc concentration (Golden BE, 1981)'^*’. When they are given an increased diet 

so that they can gain weight rapidly, even provision o f  the recom m ended dietary 

allowance does not prevent a profound fall in the plasma zinc concentration. This 

remains low throughout recovery and returns to normal only when the children cease 

gaining weight rapidly. There is a direct relationship between the fall in plasm a zinc and 

the rate o f  weight gain, em phasizing the dom inant role growth has on zinc requirem ents 

(Golden BE, 1981)^'.

Although zinc deficiency may not be a feature o f  malnutrition on presentation, failure to 

provide sufficient zinc may well limit the rate o f  growth and give rise to a conditioned 

zinc deficiency. W alravens et al found an existence o f  growth limiting syndrom e o f  mild 

zinc deficiency in children (W alravens PA, I9 8 3 ) '‘” . A sim ilar growth limiting zinc 

deficiency syndrome has been reported to alTect older children in Yogoslavia (Buzinia R,
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1980)'®^ Poor growth is a notable problem in acrodermatitis enteropathica and “catch 

up” growth follows the correction o f  the severe zinc deficiency state that characterizes 

this disorder (W alravens PA, 1978)'^’̂

To test whether zinc deficiency does in fact supervene during recovery from 

malnutrition, in one study children were supplemcnied with zinc in the later stages o f 

rehabilitation. There was a dramatic and immediate increase in the rate o f  w eight gain 

(G olden MHN 1981)'^. Accom panying this is a decreased energy cost o f  growth from 

over 60 kj/g weight gained to about 30 kj/g weight gained. One can interpret this to mean 

that more lean tissue is being synthesized with the provision o f  zinc, in accordance with 

the isotopic m easurements o f  changes in muscle mass that have been made in similar 

children (Jackson AA, 1977)'“''.

It is important to emphasize that zinc is only one o f  the constituents o f  protoplasm . If any 

one other constituent is not supplied in adequate am ounts, there is a sim ilar limitation on 

growth and conditioned deficiency. Zinc is very unlikely to be unique in this regard.

That these children are indeed zinc-deficient after recover) is dem onstrated by the 

growth o f  their thymus gland with zinc supplem entation (Golden M HN, 1977)“^̂  and 

stimulation o f  their WBC sodium pump activity (Patrick J, 1980)'^'^ as well as their 

growth responses. These children did not display the overt clinical signs o f  dermatosis, 

diarrhea, or anorexia classically associated with severe experim ental zinc deficiency.

That these signs are displayed only by children with severe zinc deficiency is illustrated 

by the case o f  one subject who grew very rapidly on a phytate-containing soya formula.
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The child's plasma zinc concentration fell to 3.5 nm ol/liter (23 ng/dl) and rem ained at 

that level for several weeks. The child then developed mild diarrhea and a minimal skin 

rash on liis upper lip and anus, lie  was g i\cn  a single dose o f  92 |.miol ( 6  mg) zinc, 

equivalent to 15 |.imol (1 mg)/kg body weight. Within 1 day the lesions had healed and 

the diarrhea stopped. There was no change in his plasma zinc level, which remained at 

3.5 i-uiiol/liter. Following this single dose the child com pleted a metabolic balance study 

without any recurrence o f  symptoms or signs.

When a child presents with zinc-responsive skin lesions and diarrhea he is analogous to 

the iron-dclk icn i child presenting with koilonychia and a cricoid web. Mild zinc 

deficiency can cause abnormalities o f  immune function, electrolyte hom eostasis, body 

com position, and growth without dramatic or even overt clinical signs. The responses to 

supplem entation in humans (Golden MHN, 1981)'*'^ and experim ental anim als (Chesters 

JK, 1970)'"** are extremely rapid, being measured in hours or at most days; this means 

that a therapeutic trial o f  zinc supplementation is a practicable test o f  zinc deficiency. 

However, we are as yet unsure o f  the most sensitive physiological or biochemical 

variable to monitor for a response: It is likcl) to be some aspect o f  T-cell function, as 

these cells seem to be particularly sensitive to zinc deficiency.

Clinical Features of Zinc Deficiency.

The recom m ended dietary allowance (RDA) for zinc is 15 mg/d for a healthy adult (US 

Food and Nutrition Board, 1974)“ '̂̂ . It is not generally appreciated that as much zinc as 

iron is required in the diet. Indeed the zinc content o f  muscle, liver, pancreas and gut is 

higher than that ol iron. Two-thirds o f bod) iron occurs in red cell haemoglobin. No 

corresponding protein has been identified for zinc. I'he problem is not one o f  finding a
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relevant zinc metallo protein - there is a plethora o f  them. Over 80 zinc metalloenzym es 

have been described. They occur in all the major classes o f  enzym e and m ajor metabolic 

pathways. Enzymes familiar to the clinician such as lactate dehydrogenase, alkaline 

phosphatase and carboxypeptidase are all zinc m etalloenzymes. Unlike selenium, iodine 

and iron the limiting and vulnerable zinc pool has not been identified. Indeed animals 

may die from zinc deficiency with very little change in the gross zinc concentration o f 

their tissues. Virtually all the zinc in the body is locked away in bone and protein: to 

release it the whole tissue has to be catabolized. There does not seem to be any 

functional store o f  zinc. Animals given a zinc-deficient diet develop sym ptoms in a few 

days and even preimplantation em bryos are morphologically abnorm al if  a zinc deficient 

diet is given from the time o f  copulation (Hurley LS & Sharder, 1975)'

M ost o f  the enzymes involved in DNA and protein synthesis are zinc metalloenzymes. 

The clinical and biochemical findings in zinc deficiency are sim ilar to those found when 

protein synthesis is inhibited by other mechanisms. Indeed, there are close similarities 

between zinc deficiency and essential amino acid deficiency or antimitotic drug 

adm inistration. Thus, in these conditions, the rapidly turning over tissues such as the 

white cells, skin and gut mucosa are those that are most affected by the insult. 

Im m unoincom petence, diarrhoea and skin lesions together with an inability to repair 

wounds are the hallmarks o f  all these conditions. The striking correspondence between 

the cITccts o f  zinc deficiency and o f  essential amino acid deficiency is show'n by the 

following developm ents (Golden MHN & Golden BE, 1981)' '̂^:

( 1 ) anorexia and growth failure;

(2 ) profound teratogenesis;

(3) little change in the bound pool with dietary deficiency;
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(4 ) a rapid and dramatic fall in the small free pool with dietary deficiency;

( 5 ) particular sensitivity to dietary nitrogen intake;

(6 ) relative insensitivity to dietary carbohydrate or fat intake;

(7 ) increased blood am m onia concentration;

(8 ) increased blood urea concentration;

(9) excessive oxidation o f  administered lebelled am ino acids;

( 1 0 ) decreased incorporation o f  amino acids into body proteins;

( 1 1 ) reduction in polysomes with an increase in monosom es;

(12) reduced RNA to DNA ratio;

(13) a rise in the concentration o f  the free pool with starvation.

It is likely that the most vulnerable zinc pool will be one or more o f  the enzymes 

involved in pri)tein or nuclcic acid s)nlhcsis. Unfortunately, wo do not know w'hich o f  

the many zinc enzymes involved will be the limiting one and it is unlikely that it will be 

as am enable to biopsy and quantitation as the proteins containing the other trace 

elements.

The most clear-cut human zinc deficiency disorder is acroderm itis enteropathica (AE), a 

rare congenital defect o f  zinc absorption. The report o f  M oynahan EJ (1 9 7 4 ) '"  that AE 

patients invariably respond clinically and biochemically to physiological doses o f  zinc 

has been confirmed by at least 50 subsequent reports. The clinical picture seen in AE, 

which we can take as the index o f  severe human deficiency, has been produced by 

parenteral feeding with low zinc solutions (W olman SL et al., 1979)"^ and closely 

resembles experimental zinc deficiency in animals.
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Characteristically skin lesions appears first, starting around the nostrils and corners o f  the 

mouth as erythematous crusted lesions which do not itch or respond to steroids, i’hey 

spread to the fingers, toes, perineum and any other area which is traum atised. The skin 

lesions may be associated with discrete papulopustular lesions resem bling acne vulgaris 

(Schlappner OLA et al„ 1972)"^ and vesico-bullous lesions (Van VIoten WA & Bos LP, 

1978)"“*. The patients develop alopecia, intractable diarrhoea and mental depression 

(Kay RG et al., 1976)"^  M ost patients develop chronic infections, particularly 

m ucocutaneous candidiasis (Singh KP, 1992)"^. Definitive human zinc deficiency thus 

has clinical features in common with malnutrition and other trace elem ent deficiencies 

(Golden MHN, 1985)''“. In brain and its constituents parts, whose com position is largely 

preserved in the malnourished children, no difference have been found in copper zinc or 

m anganese concentrations between malnourished and control children (Lehman BH,

I 9 7 l ) " \  Anorexia, diarrhoea, stunting, wasting, skin desquamation with ulceration, a 

reduction in lymphoid tissue and an increased susceptibility to infections are com m on to 

both zinc deficiency and malnutrition. We know that the malnutrition o f  children is 

much more com plex and is unlikely ever to be the result o f  “ pure protein deficiency 

(Lendman J, 1 980)"^  The features o f  malnutrition are also com m on to any other insult 

which interferes with protein and nucleic acid synthesis (Fujioka M, 1964)"'^. It is only 

when zinc is the particular limiting nutrient for protein synthesis that we should ascribe 

these features o f  malnutrition to zinc deficiency. With our current knowledge the best 

way to diagnose zinc deficiency is to supplem ent with zinc and observe the response. 

O ’Rian S et al found incised wound heals better in rats by zinc sulphate supplement 

(O ’Rian S, 1968)'^*^. The cell mediated immune (CM l) response was evaluated by 

Sazawal S et al before and after 120 days zinc supplementation in preschool children 

(Sazawal S, 1997)'^'. The study found an improved cellular immune status, which may
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have been one o f  the mechanisms for observed improved impact o f  zinc supplem entation

on diarrhoea! m orbidity '^'.

During recovery from mahiutrition an enormous amount o f  zinc is required as a 

constituent o f  the cells that are newly synthesized (up to 110 mg zinc/kg muscle). It is in 

recovering children that Golden MHN et al. have shown a growth response to zinc 

supplem entation o f  standard diets (Golden MHN et al, 1977)'“'̂ . They have also 

dem onstrated regrowth o f  their atrophic thymus glands and stimulation o f  the sodium 

pum p in their white cells (Golden MHN et al, 1977)'^’’̂ . It seems, therefore, that zinc 

deficiency can be one o f  the many deficiencies seen in children with m alnutrition. It is 

likely that the specific pattern o f  deficiencies determ ines the different clinical features o f 

individuals with malnutrition. This is the probable reason for the heterogeneity o f 

presentation o f  so-called 'protein-energy malnutrition'. Thus although the skin lesions 

and defective CM l may usually be due to zinc deficiency, supplem entation does not 

seem to affect other features such as the oedema, hepatom egaly or red hair seen in many 

o f  these individuals. The diarrhoea o f  PEM seems to be m ultifactorial: supplem entation 

with zinc gives equivocal results.

A syndrom e com prising hypogonadism, dwarfing, hepatosplenom egaly, anaem ia and 

achlorhydria occurs in the M iddle East, and was the subject o f  the original claim s that 

zinc deficiency occurred in man. The dwarfing and hypogonadism in particular were said 

to be due to zinc deficiency (Prasad AS, 1963)’ '. 'I'his conclusion was based on the low 

zinc concentrations in plasma, red cells, urine and sweat, and on turnover o f  intravenous 

^*Zn. Over a hundred patients with this syndrome have been described in great detail, 

with photographs published o f at least a quarter o f  them. None o f  the patients had skin
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lesions resem bling those in AE, alopecia, chronic diarrhoea, recurrent infections or other 

features seen in definite zinc deficiency. Although hypogonadism  is a cardinal feature o f  

this syndrom e it is not a usual feature o f  AE. The two conditions are thus quite distinct 

clinically.

At the biochemical level it should be noted that very low plasm a zinc values found in 

AE, in zinc deficiency associated with parental nutrition and even in malnutrition were 

not seen in the hypogonadal dwarfs.

Marginal zinc deficiency in young animals does cause growth retardation and anorexia. 

That these are also the clinical signs o f  zinc deficiency in young children is suggested by 

workers from Colorado, USA. School children who were shorter than their peers and had 

anorexia were distinguished by having a much lower hair zinc concentration (Ham bidge 

KM et al., 1972)^^. These workers went on to supplem ent a com m ercial infant feeding 

formula with zinc and found that the male, but not the female, infants grew more rapidly 

on the supplemented formula (W alravens PA & Hambidge KM, 1976)'"^

The signs o f  zinc deficiency such as frequent infections, skin lesions, diarrhoea and 

stunting are not common features o f infants in Colorado, but are com m on in much o f  the 

Third World where malnutrition is rife. There have been very few studies o f  zinc status 

in these countries, partly because o f  the difficulties in defining and assessing zinc status 

unequivocally.

In contrast to iron and iodine, zinc has not yet established itself in clinical medicine, 

except as a specific treatment o f  AE, despite enthusiastic reports by interested clinicians
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and circum stantial evidence to suggest that zinc deficiency, often in com bination with 

other deficiencies, is a common clinical and public health problem. This is because o f  the 

considerable confusion that still surrounds the clinical features o f  mild zinc deficiency; 

they are non-specific and we lack insight into which o f  the many zinc pools is the most 

vulnerable to deficiency and the mechanism by which this pool exerts its effects. As a 

consequence there is uncertainity and difficulty in defining and assessing zinc status in 

the individual patient.

The most consistently reported effect o f  zinc on mammalian cells is that o f  membrane 

stabilization (Failla Ml, 1977; Chvapil M, 1973; Chvapil M, 1 9 7 2 f  Zinc is

present in many mammalian cell membranes (Chvapil M, 1 9 7 3 )'" \ and the stabilizing 

action o f  certain steroid hormones on lysosomal membranes may be secondary to the 

effects o f  zinc (I’ailla M l, 1977)'^'. The exact mechanism by which zinc stabilizes cell 

m em branes is not clear and could be different for lysosomal, ribosomal, and other 

membranes. Four general theories, not mutually exclusive, have been proposed. First, 

zinc may inhibit peroxidation o f  membrane lipids by forming m ercaptides with thiol 

groups o f  membrane proteins (Chvapil M, 1976; Chvapil M, 1973; Chvapil M,

1972)125,12.1,1.4 2 inc may bind to and inactivate m em brane-regulating enzymes

attached to plasma membranes (Chvapil M, 1 9 7 6 )'-\ Third, zinc could displace calcium 

for proper functioning o f  microtubules or m icrofilam ents (Failla M l, 1977; Chvapil M,

1976)91.125 pQyrth, changes in membrane fluidity associated with zinc binding could also 

alter membrane function (Failla M l ,1 9 7 7 f .
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Human zinc deficiency and toxicity

Chronic zinc deficiency has been associated with dwarfism , hypogonadism , dermatitis, 

and alopecia, decreased wound-healing, taste and smell, and, a disease called 

acrodermatitis enteropathica (AE) or Danbolt's disease (Hsu JM, 1980; Burch RE, 1976; 

Prasad AS, 1978; Hambidge KM, 1978; Williams RB, i 9 7 9 ) ' 2 6  '27,i28,i29,i3o ^

autosom al recessive disease o f  children associated with decreased levels o f  zinc, 

dinrrhca, bullous-pustular dermatitis o f  the extremities, and alopecia (Ham bidge KM, 

1978)129 this disease also commonly have derm atitis due to Candida

species or Staphylococcus aureus (Prasad AS, 1978; Hambidge KM, 1978; Rodin AE, 

1969)'28.i29,i3i Untreated children die from cachexia, usually associated with infection 

(Ham bidge KM, 1978; Rodin AE, 1969; Julius R, 1973)'-'^ '^' '^ l

Specific studies o f  immune function in laboratory anim als with zinc deficiency have 

noted hypoplasia o f  the thymus, lymph nodes, spleen, and Peyer's patches (A nderson E,

1973)'^^. In children with AE, decreased thymus size has also been reported (Rodin AE, 

1969)'^ ', and one child with decreased immunoglobulins had alm ost no lym phoid tissue 

at autopsy (Julius R, I973)'^‘ . Another child had normal B-and f-cell functions but 

decreased neutriphil chemotaxis; after treatment with 40 mg o f  ZnS 0 4  daily, neutrophil 

chemotaxis was normal (Businco L, 1980)'^'*. It is difficult to determ ine whether 

reported susceptibility to infection in patients with untreated AE is due to zinc deficiency 

itself or to zinc-deficiency-induced protein calorie m alnutrition, dam age to the skin, or 

immune function defects.

Zinc and T- and B - lymphocytes. In many experim ental systems, zinc deficiency 

decreases T-cell functions but has little or no effect on B-cell functions. Because animals
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fed zinc-dellcient diets eat much less food (Fernandes G, 1979; Liiecke RW, 1978)''^ ' 

caution must be tai<en to separate the effects o f  zinc deficiency from the effects o f  

protein calorie malnutrition.

Lym phocytes are one o f  the few, possibly the only, types o f  cells activated by zinc 

(Chvapil M, 1 9 7 6 ) ''\  and /.inc Iransfcrrin roceptor sites are present on human 

lymphocytes (Phillips JL, 1976)"^  Zinc is necessary for DNA replication by 

phytohem agglutinin (PHA)-stimulated lymphocytes (W illiams RO, 1973)'^**; this 

requirem ent probably is related to zinc-containing DNA pol>merase and reverse 

transcriptase enzymes (Chvapil M, 1976)''^. Zinc chelators can inhibit these enzymes, 

and supplemental zinc or nickel, but not other cations, can reverse the inhibition 

(W illiams RO, 1973)'^^ Healthy adult humans with normal serum levels o f  zinc who 

were fed 660 mg o f  ZnS ( ) 4  daily for one month were noted as having small but 

significant increases in levels o f  zinc in serum; there were also sim ilar responses o f 

lymphocytes in vitro to the T-cell mitogens, PHA, and concanavalin A (Duchateau J,

1981)'^'^. In another study, 15 people over 70 years o f  age were fed 440 mg o f  ZnS0 4  

daily for one month, and 15 controls were not. I'he people given zinc had increases in 

num bers o f  circulating T-lymphocytes, delayed-type hypersensitivity responses to 

various skin-test reagents, and IgG antibody response to tetanus toxoid; however, in vitro 

lymphocyte response to three mitogens were unchanged. Unfortunately, zinc status prior 

to therapy was not evaluated (Duchateau J, I9 8 1 ) '’’‘’. After several days o f  incubation o f 

human peripheral lymphocytes with lO '̂ IVl zinc salt preparations, increased uptake o f 

tritiated thymidine and increased DNA synthesis occurred (Kirchner H, 1970; Ruhl H, 

1 9 7 iy-ii 142 patients receiving hyperalimentation who did not have protein calorie 

malnutrition had serum levels o f  zinc o f  <30 jig/lOO ml. They both had <30%  o f  the
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control response to PI IA by their circulating T-lym phocytes; this increased to >130%  of 

the control response after at least two weeks o f  zinc replacement. Also, one o f  the 

patients had no delayed-type hypersensitivity responses prior to zinc therapy but did 

afterward (Allen JI, 1981)'“*̂ . Several reports o f  m alnourished and zinc-deficient patients 

(mostly children) have noted absent or decreased skin-test responses, reduced thymus 

size, and reduced PllA -induced lymphoblastic transform ation, all o f  which increased 

after (1) the application o f  topical ZnS 0 4  at the skin-test site (Golden M HN, 1978)'*', (2) 

weeks o f  orally administered zinc (Pekarek RS, 1979)''*'^, or (3) orally adm inistered zinc 

and increased caloric intake (Golden MHN, 1977)'^\

The immune response in zinc-deficient animals has been evaluated by a variety o f  

techniques, including reports that the appearance and progression o f  autoim m unity in 

New Zealand Black mice is delayed by dietary-zinc deprivation (Beach RS, 1981)'“*̂  and 

the dem onstration that T-cell mitogenesis is decreased (while no change in B-cell 

m itogenesis is observed) in zinc-deficient culture media o f  spleen cells from mice fed a 

normal diet (Zanzonico P, 1 9 8 1 However ,  most investigators have studied mice or 

rats fed a zinc-deficient diet for at least several weeks. Cieneral decreases in thym us size 

(Fernandes G, 1979; Luecke RW, 1978; Chandra RK, 1980; Fraker PJ, 1978; Fraker PJ, 

1977; Good RA, ]9 g Q ) ' ^ ^ i n  the production o f  thymic horm one (Good 

RA, 1980)'^‘\  and in the amount o f  lymphoid tissue (Fernandes G, 1979)'^^ occur after 

weeks, but in most o f  these studies protein calorie malnutrition may also have played a 

role. Spleen size may (Rabinovitch M, 1973)''" or may not (Chandra RK, 1980)'''’ be 

decreased under these conditions.
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The antibody-m ediated responses to a T-cell-dependent antigen assayed as direct and 

indirect plaque-form ing ceils produced by mouse spleens in response to sheep 

erythrocytes (Jerne plaque assay) have been used to evaluate T-cell helper function. In a 

number o f  studies, animals fed zinc-deilcient diets for weeks had decreased plaque 

assays (Fernandes G, 1979; Luecke RW, 1978; Fraker PJ, 1978; Fraker PJ,

1977)135,136,148,149  ̂ but much o f this may have been due to decreased dietary intake 

(Luecke RW, 1978)'^^. After weeks on a zinc-adequate diet, plaque assays and thymus 

size returned to normal (Fraker PJ,1978)'■‘^  Other studies o f  immune function in mice 

and rates fed a zinc-deficient diet for weeks have reported decreased killer f-cell 

formation as measured by cytoxicity response o f  spleen cells (Fernandes G, 1979)'^^ and 

increased (Chandra RK, 1980)'''’ or decreased (Fernandes G, 1979)'^’ natural killer-cell 

activity as measured by release o f  ^'C r (Chandra RK, 1980; Fraker PJ, 1977)''’’ '''^. Little 

or no effect on B-cells was measured by antibody-dependent cell-mediated cytoxicity o f 

spleen cells against chicken erythrocytes (Fernandes G. 1979; Chandra RK, 1980)'^'’ ''*^ 

similar results were noted by assays o f  antibody production or anti-sheep-erythrocyle 

plasmacyte production after reconstruction o f  the zinc-deficient mice w'ith thymocytes 

(Fraker PJ, 1977)'^'^

M iscellaneous factors related to mammalian immunity. ZnC h protects mice against the 

lethality o f  endotoxin, perhaps by stabilizing lysosomal mem branes that may be involved 

with the developm ent o f  endotoxin shock (Snyder SL, 1976)'^ \

Mice given 0.4 mg o f  Z nC b and inoculated 1 hr later with a lethal dose o f  Salmonella 

typhosa lipopolysacchride had a 97%  survival rate (Snyder SL, 1976)'^^ M ortality was 

100% if 0.08 mg o f  ZnCb was injected instead o f  0.4 mg. Zinc at a concentration o f  0.3
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mM in the incubation medium iniiibits the lysis o f  rabbit erythrocytes by a variety o f 

toxins, perhaps by stabilizing the membrane (Avigad, 1976)'” . Zinc also prom otes 

wound healing (Pories WJ, 1967)'^^; however, one study, which assayed serum levels o f  

zinc prior to the institution o f  therapy, reported that chronic leg ulcers healed faster with 

zinc therapy only if the pretreatm ent level was <110 |.ig/100 ml (Hallbook T, 1972)^^.

Metabolism of Zinc in Adulthood

The systemic distribution o f  the metal is summarised in table 1. The total zinc content in 

adult men is thought to be in the region o f  1.0-2.0 g (Jackson MJ, 1989)'^'*. This 

represcnis about 30 mg o f  zinc/g fat free mass. There are large variations in 

concentrations o f  zinc both between and within tissues and cells. The highest 

concentrations are in the retina and male reproductive organs (prostate gland), and in the 

integuments where, as well as being a biologically active pool, much o f  the metal might 

reflect the homeostatic sequestration o f  metabolically unnecessary zinc.

T ab le  1: R elative sizes o f  tissue zinc pools in adu lts.

I'issue Content (g) Distribution (%)

M uscle 1.5 60

Bone 0.5 -0 .8 2 0 - 3 0

Skin and hair 0.21 8.0

Liver 0.1 -0 .1 5 4-6

Gastrointestinal tract and pancreas 0.03 2.0

Kidneys 0.02 0.8

Spleen 0.003 0.1

Central nervous system 0.04 1.6

Blood 0.02 0.8

Plasma 0.003 <0.1
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^  The mosl liable zinc pools are those in the plasma and in the liver (Jackson MJ, 1989)'^ \

and a small pool in the liver may act as a specific reserve at times o f  imminent deficiency 

(Lowe NN, 1991)'^^ Otherwise most (85-95%) o f  the body zinc is locked away in the 

much larger pools. O f these the zinc in skin and hair probably never re-joins systemic 

metabolism whereas that in muscle and bone can do so if  it is released adventitiously 

when the turnover or catabolism o f  these tissues is increased by physiological or 

pathological processes other than zinc deprivation.

X

Dietary intake and absorption

The intake o f  zinc by adults is about 10 mg daily. M eats are a good source o f  zinc (20-40 

mg/g wet weight in dark meat but less than this in paler meats such as poultry). Many 

plant sources provide a high zinc concentration (e.g. lentils and grains such as wholemeal 

wheat: 30 mg/g, maize and polished rice: 10-15 mg/g) but the efficiency with which their 

intrinsic zinc can be released and absorbed is limited by the presence in plants, 

particularly seeds, o f  the abundant phosphorus com pound, phytate, which binds zinc 

(Torre M, 1991)'^^

Zinc is absorbed throughout the small intestine, and possibly, by the colon. The highest 

rate o f  abrosption is in the jejunum  compared with the duodenum  which in turn is more 

efficient than the ileum (Lee H H ,1989)'” . However because there is a large entero- 

pancreatic circulation o f  zinc in which the intestinal secretion o f  endogenous zinc can be 

at least twice the amount consumed daily it is probable that distal intestinal absorption o f 

zinc is functionally very important (M atseshe JW, 1980)'^*. This point is important to 

remem ber in managing patients with intestinal resections.
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X

The mcchanisms and regiilaliDii ol llic iiilcslinal imicosal uptake anti transfer ot zinc are 

not known precisely (Cousins RJ, 1985)'” . Intestinal mucin is probably an important 

initial binding agent that concentrates zinc, and other cations, at the mucosal 

surface(Cornad, 1991)'“ . Bnterocytic uptake o f  zinc probably involves both specific and 

non-specific carrier and binding mediated processes. Absence o f  the specific enterocytic 

mechanism o f  zinc uptake and/or transfer probably underlies the inherited zinc 

deficiency disease Acrodermatitis enteropathica (Aggett PJ, 1983)'*'. W ithin the 

enterocyte there is a cysteine-rich intestinal protein (CRIP) that has specific binding sites 

for zinc and which may be involved in the mucosal transfer o f  zinc (Hem pe JM, 

1 9 9 1 ) 1 6 2  possibility awaits confirmation.

The factors which influence the intestinal uptake o f  dietary zinc are sum m arised in table 

II. All o f  these collectively influence the efficiency with which zinc is absorbed and used 

by the body (Cousins RJ, 1985)'” . This process is called "bioavailability" and it is often 

expressed as a percentage o f  the dietary intake o f  zinc. Unfortunately the term is often 

used incorrectly to describe the efficiency with which zinc would be available from a 

particular foodstuff, as if the food itself were the only item limiting the bioavailability. 

Table 11 clearly illustrates tliat many other factors inlluence the bioavailability o f  zinc 

and it is therefore m isleading to ascribe to any foodstuff a particular percentage 

bioavailability for its constituent zinc and to assum e that this value applies to all dietary 

and physiological circumstances.

Iron can interfere with the intestinal absorption o f  zinc (Causins, 1985; Conrad ME, 

1991; Crofton RW, g^id this can assum e ractical significant in clinical

care. Additionally, and intriguingly, folic acid supplements, 1 mg(2.27 (imoles), given
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daily to preterm low birth weight infants up to 16 weeks o f  age have been reported to 

reduce serum zinc concentrations (Fuller NJ, 1992)'^", but the pathophysiological basis 

o f  this and its implications for clinical care are unclear.

Table II: Factors which will influence the intestinal uptake and transfer o f  zinc

Dietary presence o f

Chem ical form and oxidation state o f  element in diet

(a) antagonistic ligands (phosphate, carbonate, tannates, polyphenols, oxalate).

(b) Facilitatory ligands (carboxylic acids, some sugars particularly glucose, 

amino acids, fatty acids)

(c) Competing metals (iron and copper)

Luminal (intestine)

pH and redox state

Efficiency o f  dietary hydrolysis

Bacterial fermentation (non-starch polysaccharides)

Mucosa! (intestine)

Genetic influences, inborn errors o f  absorption 

(Acrodeematitis enteropathica)

Entrainm ent o f  uptake and transfer mechanisms

(influenced by systemic factors listed below)

Changes in mucosal structure and function 

Alcohol, drug, smoking 

Systemic factors

Anabolic requirements: growth, pregnancy and lactation

1 lomcoslatic selling for nulricnt dclermincd by previous dietary supply and specific 

systemic reserves o f  metal 

Supply and metabolism o f  other nutrients 

Post-catabolic states 

Endocrine influences 

1 Icpatic and renal function 

Infection and stress
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Systemic distribution and peripheral uptake of zinc by tissues

In the circulation, zinc is bound to albumin (80%), alpha-2 m acroglobulin (15% ), low 

molecular weight protein, and possibly to transferrin and a histidine rich protein, less 

than 1% is associated with amino acids or with m etalloenzymes. Virtually no zinc would 

be present in an ionic form.

The uptake o f  zinc by peripheral cells such as hepatocytes, fibroblasts, and pancreatic 

acinar cells show characteristics o f  carrier mediation as well as possible passive 

diffusional non-saturable mechanisms. Hepatic extraction o f  recently absorbed zinc is 

highly efficient and is impaired with liver disease. Although the liver plays an important 

role in controlling the metabolism o f  zinc we do not know how this is achieved or 

regulated. One important entity in this process is m etallothionein. This is the generic 

name for a group o f isomclallothionciiis which arc intracellular m onom eric polypeptides 

(relative m olecular mass 6500): they com prise about 60 am ino acids o f  which 30%  are 

cysteine residues (Coleman JE, 1992)'*^ Each m olecule can bind 6-10 atom s o f  several 

metals but o f  these, only copper, zinc and cadmium can induce its synthesis.

The primary function o f metallothionein is unknown. It might be; (i) an intracellular zinc 

depot, (ii) a sequestor to prevent the potential dam age o f  excessive intracellular 

accumulation o f  metals, (iii) a regulator which because it binds copper more avidly than 

it does zinc prevents copper from interfering with zinc binding sites; (iv) a hom eostatic 

m odulator o f  zinc; or (v) an intracellular source o f  cysteine in neonates and a source o f 

reducing sulphydryl antioxidant groups. It might well have all o f  the above roles but 

because metallothionein is not inducible in severe zinc deficiency, it would seem that the 

primary purpose o f  the protein involves the metabolism o f  zinc. O ther factors, such as
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eiulotoxemia, starvation, infection, glucocorticoids, hypotherm ia, exercise, and 

oestrogens induce metallothionein, as a com ponent o f  the acute phase response. A 

m ediator o f  this phenomenon, interleukin 1, increases the expression o f  m etallothionein- 

1 and -2 genes in liver, bone marrow, and thym us and this is accom panied by an 

increased uptake and retention o f zinc by these organs (Cousins RJ, 1988)'^^. 

Simultaneously, less zinc is deposited in bone, skin, and intestine. This redistribution o f  

zinc may also explain the fall in the plasma concentrations o f  the metal which occur 

when people experience such stress.

Zinc Homeostasis

At adequate and marginally adequate dietary in takes, hom eostasis o f  zinc metabolism is 

effected primary by the liver and intestine ( I'aylor CM , 1991)'^’ . W hen the body is at 

risk o f  zinc deprivation the intestinal absorption o f  exogenous zinc increases and there is 

a reduction in intestinal losses o f  endogenous zinc arising from intestinal conservation 

with an upregulation o f  carrier sites, and from a reduction in the pancreatico-biliary 

secretion o f  zinc (Lee HU, 1989)'^\ and to a lesser extent, increased renal conservation 

o f  the element. 1'hese mechanisms are important because with the exception o f  the 

possible hepatic labile pool (Lowe NN, 1991)'” , there are no specific systemic stores o f  

zinc and we are dependent on acquiring zinc from external sources.

Inteastinal metallothionein mRNA and metallothionein protein are induced by parenteral 

zinc. With inappropriately high zinc intakes and increasing body burden, the systemic 

load is regulated by increased intestinal secretion o f  endogenous zinc and by reduced 

mucosal uptake. At high intakes o f  zinc the mucosal transfer o f  the metal is related 

inversely to intestinal metallothionein which is thought to sequester zinc within the
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^  enterocyte (Hempe JM, 1991)'^*. Enterocytic CRIP concentrations have not been seen to

alter with high intai-ces o f  zinc. At high intakes o f  zinc the element also accumulates in 

the skin and hair, and possibly bone.

Causes of zinc deficiency

The conditions which are associated with an increased risk o f  deficiency o f  trace 

elements are summarised in table 111 (Hambidge KM, 1989; Aggett PJ, 1989)'^'^'™. 

Symptomatic zinc deficiency has been seen in all these conditions and this discussion 

will focus on some particulars points. The cited pathogenetic categories are arbitrary, 

because in most clinical situations more than one o f  the listed mechanisms would be 

operative. For example, in coeliac disease as well as there being a failure o f  the intestinal 

uptake and transfer o f  the element, there is also an increased loss o f  endogenous zinc 

possibly arising from the coexistent malnutrition, catabolism o f  lean tissue, increased 

bone turnover and protein losing enteropathy (Crofton R W ,1990)'’ ’.

Table III; M echanisms and conditions which predispose to dietary and system ic

deprivation o f zinc.

Inadequate intake and absorbability 

Malnutrition states 

Vegetarianism

Therapeutic and synthetic diets (e.g. enteral and parenteral nutrition, and diets for 

management o f  inborn errors o f  metabolism)

Intestinal infestation (bacteria, protozoa, helminths)

Nutrient interactions with dietary components and drugs 

Maldigestion and malabsorption

Immunity o f  absorptive mechanisms
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Acrodermatitis enteropatiiica (inborn error o f  absorption)

Gastric surgery and intestinal resection 

F.nteropathies, inflammatory bowel disease 

I'xocrine pancreatic insurHcicnc)

Billiary obstruction 

Hepatic disease 

Increased loss

Catabolic states

Protein losing enteropathies

Renal failure, renal dialysis and diuretic therapy

Chronic blood loss and haemolysis (thalassaemia, sickle cell disease)

Chelating agents (specific and non-specific)

1 xlolialivc dermatoses 

Increased utilisation

Rapid tissue synthesis 

Post-catabolic convalescene 

Neoplastic disease 

Resolving anaemias

Detection and Diagnosis of Zinc Deficiency and Excess: Zinc 'Status'

Evidently this depends on a high degree of suspicion and an awareness o f  the features o f  

zinc deficiency or excess and o f  the circumstances in which they might occur. Frequently 

the term zinc 'status' is used, but it is not clear what this really means, no single 

measurcmcnl w ill inform one about the total ainouiu o f  zinc in the body and in any case 

such information would be o f  limited status relevance to the real risk or existence o f  zinc 

deficiency, or toxicity. When considering the issue o f  zinc status it is better to ask the 

question "Does this individual have, or is he or she at risk o f  deficiency ?" or less 

frequently similar questions relating to zinc lo.xicily. No single assay o f  zinc will reflect 

the entire spectrum from zinc deficiency through adequacy to zinc excess and toxicity, in
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fact none is sufficiently specific on its own to assess the possibility o f  zinc deficiency. 

Table IV is an attempt to iiUistrate the metabolic spectrum o f  zinc status, it can be seen 

from this that by the time any standard biochemical or physiological parameter is 

abnormal then deficiency or excess o f  zinc is well established. Sufficiently sensitive 

unambiguous indices o f  homeostatic adaptation to marginal changes, as would be ideal 

to detect incipient deficiency or excess, are not yet available (Aggett PJ, 1993)'^'. It 

should be appreciated also that the zinc content o f  pools and tissues which are frequently 

used to measure zinc "status" is susceptible to other physiological and pathological 

disturbances and to deficiencies and e.\cesses o f  other essential nutrients apart from 

changes in zinc supply (Golden MHN, 1989)'” .

Table IV: A postulated schcm e o f the spcctruiii o f  zinc "status" and its associated  

pathophysiological phenomena.

Death Zinc Excess

Toxicity Clinical, biochemical and pathological features: 

homeostatics overwhelmed; metabolism o f  other nutrients 

(e.g. Cu, Fe) disturbed; depressed RBC Cu-Zn superoxide 

dismutase activity.

Compensatory homeostasis Excretion and tissue sequestration adequate; no chemical 

disease; hepatic, hair, skin, bone zinc increased

Initial excess Reduced absorption and increased net intestinal loss from 

endogenous Zn pools

Adequacy

Initial deprivation Increased absorption and renal conservation; reduced loss 

o f  endogenous Zn

Compensated metabolic 

phase

Vital functional pools protected; no alterations in tissue and 

fiuid concentrations; mobilization o f  possible stores; no 

clinical disease but homeostasis becoming inadequate; 

growth retardation, increased Zn plasma clearance, white
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ccll Zii I'alls. plasiiia/scriiin Zn may I'a

Decompensated metabolic "early" functional defects so that the metabolism o f  other 

nutrients is becoming disrupted and health effects may 

occur; depressed Zn metalloenzyme activities, specific 

functional defects.

Gross clinical phase Metabolism o f  other nutrients (e.g. aminoacids, fatty acids, 

iron) grossly disturbed; extensive specific and non specific 

functional defects, release o f  zinc from tissue breakdown 

may maintain plasma levels

Death Zinc Deficiency

Plasma and serum zinc concentrations

Plasma and serum zinc concentrations are similar. Previously reported discrepancies 

between the two have now been attributed to delays in separating the fluids from the 

blood cells and the use o f  cilralc, rather than deionised heparin anticoagulant for plasma 

collection. Plasma and serum contain between 10% and 20% o f  circulating zinc and their 

zinc concentrations (reference range about 9-22 fimol/l) are often used to screen for 

deficiency. These values are depressed by infections and other stresses such as those 

which induce the synthesis o f  metallothionein, even so these factors do not depress these 

concentrations to those seen in severe hypozincaemic zinc deflcienc> ; values below 8 

l^mol/1 are strongly suggestive o f  zinc deficiency.

The release o f  zinc from tissue breakdown can maintain plasma/serum zinc levels within 

the reference range although the patient has clinical and biochemical features o f  zinc 

deficiency (Conrad ME, 1991)'^'*. For example the catabolism o f  only lOg o f  muscle 

with an assumed zinc content o f  40 |.ig (0.6 |.uiiol)/g wet weight would release sufficient 

zinc to contribute 2 nmoles o f  zinc/1 plasma volume. At times o f  rapid tissue synthesis an
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opposite phenomenon can happen; plasma zinc concentration might fall, presumably 

because zinc is being taken up from the plasma pool quicker than it is replaced from the 

intestine or from other compartments. This has been seen in children during the anabolic 

phases o f  recovery from malnutrition, rapid growth in ex-preterm infants (Altigani M,

1989)'7'*, igpgg cross-sectional studies o f  plasma zinc concentrations in healthy

children in which declines in plasma zinc concentrations have coincided with the ages o f  

growth spurts (Butrimovitz GP, 1979)'^^, and even when zinc supplements have been 

started to treat zinc deficiency.

Plasma and serum zinc concentrations are increased (by up to 15%) if they are collected 

with venous stasis and care must always be taken to avoid haemolysis and contamination 

o f  the samples by rubber (zinc free rubber is available). Postprandial collections give 

higher values than preprandial samples but levels fall within 2 hours o f  the meal. With 

short term fasting and starvation zinc concentrations increase. These phenomena 

contribute to a diurnal variation in plasma/serum zinc concentrations.

Plasma zinc concentrations in healthy infants match those o f  adults. A higher 

concentration has been noted in breast-fed infants at 6 months than in those fed formula; 

this could reflect the relative efficiencies o f  absorption o f  the metal from the respective 

feedings. In preterm neonates there is a progressive decline in serum or plasma zinc 

concentration with a nadir (9 .1 ±2.6 |.unol) at about 6-12 weeks o f  age; it increases 

subsequently (Altigani M, 1989; Gibson RS, 1981)'^'* This depression correlates with 

the rate o f  weight gain, being greater in those infants who grow fastest and is more 

marked in males.
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Leucocyte and erythrocyte zinc content

Assays on leukocytes in attempts to detect deficiency are dilTicult to perform reliably and 

to interpret. The zinc content o f  the small amount o f  white cell pellet which would be 

available from children might be altered considerably by contamination with plates or 

environmental zinc during the separation procedures. Polymorphonuclear leucocytes can 

be collected relatively free from contamination with platelets but monocytes which are in 

themselves a very mixed population are difficult to collect free o f  contamination with 

platelets.

Leucocytes subsets have different zinc contents e.g. mean (SD): nutrophils 1.26 (0.27); 

monocytes 2.58 (0.65); lymphocytes 1.85 (0.32) jimol Zn/mg protein. Furthermore each 

has a different biological half-life (e.g. neutrophils 6h; monocytes l-3d; T  lymphocytes 

30h-2()0d). Thus pathophysiological changcs In the relative proportions o f  the leucocytes 

subsets would lead to signillcant changes in the zinc content o f  the entire population. 

These phenomena could seriously limit the interpretation o f  mi.xed white cell analyses 

and the use o f  selected white cell subsets may seem to be more valuable. Analyses on 

selected separated subsets may prove to be more useful but are for the moment too 

impractical for routine or emergency use. In a systematic study o f  zinc supplemented 

children leucocyte zinc concentrations were found to be a useful indicator o f  zinc 

deprivation (Simmer K, 1988)'” .

Since erythrocytes have a long half life (approximately 40 days) their zinc contents 

cannot be regarded as reliable indicators o f  recent or acute changes in zinc supply, unless 

zinc toxicity is suspected, but even so there are no adequate reference ranges to enable 

data to be evaluated.
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Hair analysis

The limitations o f  determining liair zinc concentrations to detect severe zinc deprivation 

has been shown in animal models in which there is a paradoxical increase in zinc content 

o f  hair with severe zinc deprivation. This has been noted in malnourished children. A 

possible explanation for this is that as zinc supply becomes limiting hair synthesis in the 

follicle Is reduced such that despite the rcduced supply o f  zinc it accunuilatcs in the hair 

root at a normal or increased rale. On the other hand with marginal zinc supply, that is 

when it is less limiting on hair growth, hair zinc concentrations do reflect marginal zinc 

deprivation, features o f  which, such as growth retardation, respond to zinc 

supplementation (Cavan KR, 1993; Gibson RS, 1989)^°’̂ ’. In hair analyses care must be 

taken to avoid possible spurious results arising from contamination such as dirt, hair dyes 

and shampoos and from the leaching o f  zinc from hair by cleaning procedures. There is 

no evidence that analyses o f  zinc in nails is at all reliable.

Urinary zinc content

Urinary zinc values are difficult to interpret. Usually, in adults, about 0.5 mg zinc is 

excreted in the urine in 24 hours, there are no comparable estimates in children. With 

increasing zinc deprivation renal conservation o f  zinc can reduce urinary zinc 

concentrations before any reliably discernible changes in plasma zinc concentration. 

Urinary zinc excretion is increased in catabolic states poorly controlled diabetes mellitus, 

treatment with drugs with chelating abilities, and hepatic dysfunction. When the plasma 

zinc pool is reduced during anabolism the urinary excretion o f  zinc could also be 

depressed. Hence urinary zinc losses could be increased and reduced in situations 

predisposing to zinc deprivation.
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^  Tissue zinc concentrations

The zinc contents o f  muscle, bone and liver have not been well characterised in terms o f  

human zinc metabolism and even if  they were it is unlikely that performing the necessary 

biopsies would be particularly practical on clinical to help in the routine care o f  children.

Functional indices of zinc

Functional indices o f  zinc "status" include the determination o f  the activities o f  zinc 

metalioenzymes such alkaline phosphatase, carboxypeptidase, lactase dehydrogenase, 5- 

^  nucleotidase, thymidine kinase, 6-aniino-lacvulinic acid dehydratase in erythrocytes, and

angiotensin 1-converting enzyme and a  D-mannosidase in serum or plasma. Assays have 

been developed to determine alkaline phosphatase activity in leucocytes, neutrophils and 

red ccll iiicinbranos but. with the possible exception o f  ecto 5' nucleotidase in 

lymphocyte plasma membranes (Meftah S, 1991)'”* there is as yet no good evidence that 

such demanding enzymatic assays are o f  much practical value.

Serum thymulin activity falls within induccd zinc deficiency in man and animals and 

reduced activities o f  thymulin in plasma obtained from individuals with nephrotic 

syndrome and sickle cell anaemia has been restored after incubation in vitro with zinc 

(Prasad A, 1988)'^'^. Other functional tests o f  zinc deprivation include measurement o f  

cutaneous hypersensitivity, white cell (macrophage) chemotaxis, taste acuity and 

electroretinoegraphy. None o f  these methods lend themselves to routine clinical or 

population studies but they may be useful parameters to measure in monitoring responses 

to zinc supplementation (Cavan KR, l993 ;(j ibson  KS. 1989)^"^'.
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Plasma metallothionein concentrations reflect hepatic metallothionein concentrations and 

might therefore be useful for differentiating the hypozincaemia o f  stress, when 

metallathionein levels would be increased, from that o f  true zinc deprivation when the 

levels o f  metallothionein would be low. Metallothionein can be measured in the plasma 

and urine but levels in red cells may be less susceptible to various interferences (Grider 

A, 1990)'**’. Unfortunately results to date have shown that other factors such as iron 

deficiency may influence circulating and erythrocyte metallothionein concentrations, 

thus this assay may not be as useful as was hoped Initially.

How to interpret data and detect zinc deficiency or excess

According to Aggett PJ (Aggett PJ, 1994)''’ currently the best ways to assess possible 

zinc deficiency are the intelligent interpretation o f  plasma zinc concentrations in the 

context o f  the subject's metabolic health and the monitoring o f  the clinical and/or 

functional and biochemical response to zinc supplements. In this context clinical (Aggett 

PJ, 1980)’*', in particular growth responses in children do appear to be useful (Hambidge 

KM, 1989; Cavan KR, 1993; Schlesinger L, 1992; Walravens PA, 1992; Walravens PA, 

1989; (iolden Bl', 1 9 9 2 ) ' * ' ' ^ If appropriate resources and expertise are 

available leucocyte or neutrophil zinc levels may be o f  value, but, perhaps, again, only if 

they are measured serially in parallel with supplementation (Simmer K, 1988)'’\

It is important to realise that studies in unselected populations (Hambidge KM, 1989)'*“̂ 

will produce less clear cut results than those in groups o f  children or in individuals in 

whom there are other clues o f  possible zinc deprivation such as growth faltering with 

prolonged breast feeding alone (Walravens PA, 1992)'“\  or failure to thrive (Walravens 

PA, 1989)'**"'. Additionally such population studies with zinc supplements may produce
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tantalisingly brief responses as was seen in Gambian children in whom small but 

significant increases in mid arm circumferences and in in vitro zinc stimulation o f  

plasma thymulin occurred (Bates CJ, 1993)'“ .̂ Such results could imply the existence o f  

a responsive sub-cohort, the absence o f  zinc deprivation, or that the adequate supply o f  

zinc had made another essential nutrient rate limiting.

In the case o f  zinc the levels in blood is kept within rather narrow limits whereas the 

level in bone may vary to a large extent. The levels in the liver where Zn is mainly bound 

to metallothionein and in muscle also seem to exhibit only small fluctuations. Growing 

animals have a higher demand for Zn than adults. Biological effects o f  deficiency are the 

inhibition o f  growth as well as lesions o f  the skin (parakeratosis) and the atrophy o f  hair 

follicles. Hsu and Anthony (Cagnetti P, 1975)'**’ have described the essential role o f  Zn 

in the synthesis o f  keratin. In severe deficiency, loss o f  hair is a most prominent feature 

(Wiadrowskia, B., 1983)'’'^

After a subcutaneous injection o f  ^^Zn the "steady state level" o f  the tracer in the pelt o f  

the mouse was higher than that in the liver and the kidneys but lower than that in bone 

(Greenwood MR, 1977)'“'̂ . In severe dietary Zn deficiency an even higher transfer o f  the 

trace has been observed indicating that the increased efficiency o f  the intestinal 

resorption and the decreased turnover o f  Zn in a period o f  deficiency "preserve" Zn in 

the central pool and leads to an increase o f  the tracer in this pool which was reflected in 

hair (Kalman S.M, 1977; Campbell B C, 1977; Kopito L, 1969)‘‘̂‘’ '' '̂ ‘'̂ ‘ . In this case the 

tracer in hair reflects the homeostatic counteraction against the dietary Zn deficiency.

In long term feeding o f  *^Zn a build up o f  the tracer was observed in hair and in bone o f  

rats demonstrating the continuous supply o f  the tracer to hair and its very slow turnover
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in bone (Kopito, L„ 1969)'“̂ .̂ The level o f  stable Zn was about the same in bone and hair 

o f  the rat. Both were higher than the levels in the kidney and the liver. A response to 

dietary deficiency o f  Zn could not be observed in induced hair growth between day 21 

and 31 o f  the deficiency but it has been seen in naturally grown hair harvested at day 77 

(Kopito, L., 1967)''^^ Obviously the homeostasis could not be maintained over the 

prolonged period o f  deficiency. In accordance with the relatively large supply o f  Zn with 

milk in suckling infants, the content in their hair was found to be high compared to that 

in adults. After weaning the level in hair decreased sharply and subsequently rose slowly 

to the adult level which was reached about the age o f  sexual maturity. This development 

is the same in mammals and man and may indicate a transient scarcity o f  the element in 

the central pool at the time o f  weaning. Only a minor influence o f  pregnancy and 

lactation has been reported on Zn levels in the hair o f  mother animals (Versieck 

J,1980)'‘'^

Pallauf and Kirchgessner (Marzulli, F.N.,1978)''^^ found that the reflection in hair o f  the 

levels on Zn in the diet was relatively good for a slightly suboptimal supply. Based on 

this finding and on the results o f  previous investigators in various domestic animal 

spacies (Niculescu T, 1983; Clayton E., 1983; Fergusson JE 1981; Benguera, J.L., 1987; 

Weber C.W., 1984; Paciga J.J., 1974; Jervis R.E., 1977; Chattopadhyay A., 1977; 

Wibowo A.A.E., 1980; Schroeder H.A., 1970; Iyengar G.V.,

i Q o o J 96.197,198.199,200,201,202,203,204,205,206 „  j  • i u .  .  . 1  • j  * i.1988) and in laboratory rats, they arrived at the

conclusion that homeostatic regulation severely interfered with the reflection o f  dietary 

supply in hair. Similar findings have also been reported by Deeming and Weber 

(Thimaya S, 1982)^“’ . Supplements in the diet did not lead to a linear increased in hair. 

Instead a plateau was reached, above which no further increase occurred. The
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conclusions are compatible with the concept o f  a strong homeostatic regulation o f  the 

level o f  Zn in the pool supplying the hair matrix (central pool). In Zn deficiency this 

mechanism affects a gradual increase o f  the fractional intestinal resorption and 

simultaneously a gradual decrease o f  the excretion thus, prohibiting the fast depletion o f  

the stores and maintaining an "above critical" level at the sites where Zn is essential 

(Salbe A.D., 1990)^°*. Accordingly, a gradual decrease o f  the fractional resorption 

combined with a gradual increase o f  the excretion may be observed during excessive Zn 

supply.

Deeming and Weber (Thimaya S., 1982)^°’ reported that in infant rats the dietary supply 

o f  the element was reflected in hair over a large o f  concentration. This was also found 

with bone zinc while kidney zinc was decreased in animals on diets with levels below 

requirement but did not increase with an intake above requirements. Zinc in the liver 

revealed no relation to dietary supply.

The Zn contents o f  hair samples collected at the end o f  the experiment done by Jacob et 

al (Limic N, 1986)^“  ̂who supplied rats with optimal or slightly higher than optimal level 

o f  /.inc. found Zn content o f  hair were neither correlated to dietar> Zn nor to liver Zn. 

These findings also support the conception o f  the influence o f  homeostatic control on the 

level o f  Zn in hair. Furthermore, an intluence o f  thyroid function on Zn has also been 

found in hogs bristles. The levels were low in the initial phase o f  a treatment with 

methylthiouracil which produces hypofunction o f  the thyroid (Limic N., 1987)^'“. This 

demonstrates also that Zn in hair may be influenced by factors other than the dietary 

supply on Zn.
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Intluence o f Z n  dellciency on other elements in hair which may be due to interactions at 

various metabohc levels, have also been reported. Iyengar et al. (Iyengar G.V., 

have described an increase o f  Ca concomitant with the decrease o f  Zn in the hair o f  the 

rat. The increased Zn in hair o f  weaning rats fed a diet low in vitamins and its decrease 

when the diet contained a large amount o f  sucrose (Salem H., 1989)^" or the changing 

levels o f  Zn in hogs bristle due to dietary supplements o f  Ca, Cd or Cu (Versieck, 

1980)''^^, are additional evidence o f  the many factors which exert an influence on the 

level o f  Zn in hair. Often the variation o f  Zn in hair was rather large between individual 

animals even if  these were from an inbred strain and o f  the same age and sex and kept on 

a Zn supplemented diet and under strictly controlled experimental conditions. It may be 

suspected that this may be even more so in humans due to the larger individual 

differences in man.

General conclusions concerning the suitability of hair Zn as an Indicator in 

man

It may be concluded that Zn is transferred to hair in proportion to its availability in the 

central compartment. In dietary Zn deficiency the level in this compartment may be kept 

normal in circumstances where homeostatic mechanisms counterbalance the low suppl> 

in the diet. Furthermore, a low intestinal uptake o f  Zn may not always be due to low 

levels in the diet but also due to excessive amounts o f  Ca, Cd or Cu or other constituents 

o f  the diet or hormonal regulations interacting with the kinetics o f  Zn. Thus the level in 

hair may indicate sufficient or insufficient internal availability rather than the level in the 

diet, in adult animals the response o f  Zn in hair to dietary deficiency or supplementation 

was weak or even absent. This may also be the case in adult man. Therefore, hair 

analysis does not appear to be suitable for indicating dietary adequacy or marginal
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deficiency o f  zinc in adults. Due to the relatively high demand for Zn in infancy 

combined with relatively low body stores the levels in hair or infants or o f  growing 

individuals may be more susceptible to low dietary supply than those o f  adults. Low 

levels in hair o f  infant animals are obviously a relatively reliable indicator o f  a state o f  

Zn deficiency while normal levels may not always indicate adequate supply. This is also 

in accordance with the experience in man where low levels in hair o f  subjects o f  16 to 20 

years o f  age are obviously a relative reliable indicator o f  a state o f  Zn deficiency (Strain 

WH, 1966)^'^. On the other hand, findings in animals suggest, however, that normal 

levels in hair may not always indicate an adequate supply.

As mentioned before, it has been found in various studies that malnutrition often 

associated with zinc deficiency. On the other hand various studies as mentioned above 

zinc deficiency may cause anorexia, hypogausia, growth retardation cachexia and overt 

malnutrition, i f  not solely responsible for malnutrition zinc deficiency at least may help 

in clinical expression o f  severe malnutrition. Moynahan has drawn a provocation 

comparison between the hallmark manifestations o f  acrudermatitis enteropathica, namely 

apathy, alopecia scaly skin lesions diarrhoea and immunodeficiency and those o f  

kwashiorkor suggesting a role for zinc deficiency in the expression o f  kwashiorkor 

syndrome (Moynahan EJ,1976)^ '\  Again apart from growth promoting factors in 

children another important property o f  zinc is its antiinfective property, which it usually 

performs by improving cell mediated immunity particularly by lymphocytic stimulation. 

Therefore zinc deficient children are hypothesized irrespective o f  nutritional status to be 

more susceptible to infectious diseases particularly pneumonia, which is probably most 

frequent and important infectious causes o f  mortality in children o f  least developed 

country like Bangladesh. Therefore zinc deficient children are more vulnerable to
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pneumonia. Although zinc deficiency can occur isolatediy without malnutrition, it is 

more frequent in malnourished group as have been found in many studies. Therefore 

infectious diseases particularly pneumonia is theoratically more frequent and severely in 

malnourished group who are usually more vulnerable to zinc deficiency. In fact ARI 

including pneumonia has been shown to increase both in incidence and severity in 

various studies (Tupasi TE, 1990; James JW, 1972, Zaman R, 1996, de Francisco A, 

j 997)214,14,15,16 malnourished children. Therefore it is essential to know whether 

malnourished children who usually die o f  infectious diseases o f  which pneumonia is 

most frequent are really zinc deficient or not, and how zinc status o f  malnourished 

children with or without pneumonia differs with the children who are better nourished 

and having no pneumonia.

Unfortunately very little is known especially o f  children about the zinc status o f  our 

children particularly those severely malnourished children, who are suffering and dieing 

o f  pneumonia. No clinical study has so far been done In Bangladesh. However, 

unfortunately there is no single specific sensitive and non invasive assay o f  zinc that can 

confidently and comprehensively reflect zinc status o f  the body. Serum zinc which 

reflects zinc status o f  the moment varies with various physiological and pathological 

condition and with food spacing. Strong zinc homeostasis o f  the body tends to keep 

serum zinc to almost normal level inspite o f  severe clinical zinc deficiency. On the other 

hand hair zinc which is more stable and indicate zinc status o f  the past do not fluctuate 

with various patho-physiological condition o f  the body. However it holds good to 

estimate zinc in suboptimal zinc deficiency only. Similarly estimation o f  zinc in WBC, 

urine and in various zinc metallonzymes have fallacies. Therefore many authors now 

believe the best way to demonstrate zinc deficiency is to observe clinical response with
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zinc supplement in specific conditions with appropriate control. Growth response for 

example in children is very useful in this regard (Graham GG, 1981; Halsted JA.1972; 

Sandstead HHKP,1976)^'^'^"’'^” .

However having said that it has been found in various studies that effect o f  zinc 

supplement are observed best where preexisting biochemical zinc status were found low. 

it has been found by Hallbook el al., tiiat chronic leg ulcer healed faster with /Inc therapy 

only if the pretreatment level was found low the cutoff point in their study was 

< 1 10|agm/100 ml (Hallbook T, 1972)^\ They have found that in patients with venous leg 

ulcers where the patients had initially low serum zinc level the healing frequency was 

higher in those treated with zinc than those given placebo. In patients with normal serum 

zinc level, no significant difference in healing frequency was observed between patients 

treated with zinc sulphate and those given placebos. We therefore also hypothesized that 

if zinc status (serum and hair zinc) found low (pretreatment low zinc status) in 

malnourished children associated with ARl, then routine zinc supplement to 

malnourished children may be more usuful in reducing the incidence, mortality and 

morbidity from ARl (pneumonia) than children who are not zinc deficient. In other 

words routine zinc supplemented children, whether malnourished or not are expected to 

have lesser frequency and severity o f  pneumonia if their presupplemented biochemical 

zinc status are found low. The world Health Organization Technical Report “Trace 

Elements in Human Nutrition” called upon nutritional scientists to intensify their 

research into the nutritional status o f  population with regards to the trace elements. 

Recent technological advances in atomic absorption spectrophotometry has improved the 

ability to measure trace elements concentrations in body lltiids and tissues. The mandate 

ol the World Health Organization Task forcc however require that a less tedious
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diagnostic parameters for zinc and other trace elements nutriture be devised. However as 

mentioned earlier there is not yet single specific and sensitive assay o f  zinc o f  body 

fluids or tissue that can confidently and comprehensively assess the zinc status o f  body. 

Major advances in our clinical understanding o f  diagnosing zinc deficiency will come 

only through simultaneous comparison o f  the predictive values o f  different biochemical 

and physiological parameters o f  nutrition in transverse or longitudinal studies (Solomon 

NW, 1979)**'. A model o f  this approach is seen in the studies o f  Prasad et al. in sickle cell 

disease in which determination o f  plasma, hair RBC and urinary zinc were detected 

simultaneously for the assessment o f  zinc nutrition (Prasad AS, 1973’ Prasad 

AS,1976)‘*‘* '’\  Walravans and Hambidge used a similarly multiple indices to measure the 

effect o f  zinc supplementations to infant formula (Walravens PA,1976)'‘‘ . On the basis 

o f  the background mentioned so far particularly considering diagnostic dilemma to 

as.sess zinc status biochemically and considering high unacceptable unchanged mortality 

from severely malnutrition during last fifty years despite improved understanding o f  

pathophysiology and treatment o f  severely malnourished child, the study was undertaken 

to assess zinc status o f  severely malnourished children by simultaneous estimation o f  

serum and hair zinc, with the hypothesis that if zinc status is found low from the study 

results, than intervention policy may be undertaken by routine zinc supplements to 

malnourished children, which by improvement o f  zinc status and thereby improvement 

o f  immunity will help to reduce the incidence, severity and mortality from infectious 

disease particularly pneumonia, which is still the major cause o f  high unchanged 

mortality o f  severely malnourished children. So far no such study has been done in 

Bangladesh. The study results will therefore will be interesting and useful not only for 

researcher working in this Held, but also for clinicians dealing with malnutrition and 

infectious disease, fhe study results may be helpful for health policymakers nationally
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and internationally particularly organizations like WHO, UNICEF to undertake strategy 

to prevent or reduce malnutrition and to reduce malnutrition associated high mortality. 

However further studies are required in Bangladesh in particular in this field. 

Interventional study that is finding the clinical response o f  zinc supplement to 

malnourished children together with determination o f  zinc status both in presupplement 

and postsupplement stage will provide more useful and conclusive massage about the 

beneficial effect o f  zinc supplement to malnourished children in reducing incidence, 

severity and mortality from penumonia.
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RATIONALE

Justification for Undertaking this Protocol

Maliuilritii>n and ARI arc both major child heahh problems o f  Bangladesh and 

continuing to be great threats to child health and child health survival o f  Bangladeshi 

children. Malnutrition is a silent emergency. But the crises is real and its persistence has 

profound and frightening implications for children, society and o f  future humankind. 

Mure aticiuion is lavished on the gyrations o f  world stock markets than malnutrition's 

vast destructive potentials or on equally powerful benefits o f  sound nutrition. 

Therapeutic feeding to malnourished children in the past was predominantly influenced 

by protein dogma o f  past decade w'ith no considerations o f  recent scientific knowledge 

particularly no considerations to micronutrient supplement including zinc. Micronutrient 

deficiency which include vitamin A and zinc deficiencies are estimated to cost some 

countries the equivalent o f  more than 5 percent o f  their gross national products in lost 

lives, disability and produclivil). By this calculation, Bangladesh and India forfeited a 

total o f  $ 18 billion in 1995 (World Bank Report, Washington D C ,1997)^'*. Malnutrition 

has long been recognized as a consequence o f  poverty. It is increasingly clear that it is 

also a cause. In some parts o f  the world, notably l.atin America and East Asia, there have 

been dramatic gains economically in reducing child malnutrition. But overall, the 

absolute number o f  malnourished children world wide has grown. Severely malnourished 

children have high mortality rates. Despite improved understanding o f  pathophysiology 

and trcalmonl o f  severely nialnt)urishcd child, ihc median case fatality rate has remain 

relatively unchanged at 20% - 26% for past 50 \oars (Schofield et al. 1995)'". O f  the 

nearly twelve million children, who die every year in developing countries, 19% are 

attributable to ARI, 19% are attributable to diarrhoea and 55% are either directly or

60

Dhaka University Institutional Repository



indirectly attributable to malnutrition (WHO 1996)'*. In Bangladesh, the figure is even 

worse as far as malnutrition and ARl are concerned. Out o f  380,000 death under 5 in 

Bangladesh, 1200000 that is 32% are attributable to ARl, 95,000 that is 25% attributable 

to diarrhoea and 66% are directly or indirectly attributable to malnutrition (Baqui AH, 

1998)'^. Illness particularly infectious diseases like pneumonia, diarrhoea etc are 

important cause o f  malnutrition and malnourished children on the other hand are more 

vulnerable to infectious disease particularly ARl and diarrhoea! diseases, which help to 

maintain high case fatality o f  malnourished children. In Africa, o f  the total malnourished 

children, approximately 33% develop malnutrition after being infected with malaria. The 

malnutrition, infection, malnutrition vicious and notorious cycle is a well known fact. 

The nutritional status o f  children in Bangladesh like many developing countries have 

shown significantly positive relationship with infectious disease like diarrhoea, cough, 

fever along with other sociodemographic condition (Child Nutrition Survey o f  

Bangladesh, Bangladesh Bureau o f  Statistics, 1997)''^^ It was found by child nutrition 

survey (CNS) o f  Bangladesh, that nutrition status by height for age Z score decreased by

0.14 and weight for age Z score decreased by 0.23 points, for each episode o f  prolonged 

fever and caugh. Severely malnourished children die in majority cases due to infections 

and among infections ARl is the leading cause o f  death (W H O ,1 9 8 1 ) '\  Increased 

susceptibility to infection in malnourished children is due to reduction in immunological 

capacity, especially in cellular Immune status. Impared immunity in malnourished 

children is postulated to be due to zinc deficiency as zinc takes part in improving cell 

mediated immunity by lymphocytic stimulation. Ashworth and Schofield o f  London 

school o f  Hygiene and Tropical Medicine, in their multicenter nutritional study to find 

the cause o f  unchanged high mortality o f  severely malnourished children for last fifty 

years have lound that among other factors, the mortality rales in nutrition centres were
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significantly higher, where malnourished children were not routinely supplemented with 

zinc. Zinc is an important micronutrient that has long been known to be essential for the 

growth and development o f  cells and for the functioning o f  the immune system. 

However, because zinc deficiency is extremely difficult to measure, little attention was 

paid until recently to the possibility that it might impair child health and development 

and may cause increased susceptibility to infections including ARI. Although until now 

zinc deficiency is best demonstrated by observing the effects o f  zinc supplementation 

under specific conditions with appropriate controls, a beneficial effect o f  zinc 

supplement is observed only in the presence o f  preexisting biochemical zinc deficiency, 

as mcniioncd before (Sanstcad HH, 1970)^^ The world Health Organization Technical 

Report “Trace Elements in Human Nutrition" called upon the nutritional scientists to 

intensify their research into nutritional status o f  population with regards to trace 

elements. Recent technological advances in atomic absorption spectrophotomatry has 

improved the ability to measure trace elements concentration in body fluids and tissues. 

The mandate o f  theWorld Health Organization Task force however require that a less 

tedious diagnostic parameters for zinc and other trace elements nutriture to be devised. 

However as mentioned before there is no single, specific noninvasive assay o f  zinc in 

tissue or body fluid that can confidently and comprehensively assess the zinc status o f  

the body. Major advances in assessing zinc status have been achieved by assessing zinc 

by simultaneous estimation o f  zinc in more than one compartments o f  body fluids or 

tissues (Solomon 1979; Prasad AS, 1973; Prasad AS,1976)’*‘ ‘‘'‘ '‘\  Assessment o f  zinc by 

estimating zinc in multiple body fluid or tissue, therefore is expected to provide more 

accurate and less erroneous status o f  zinc. Assessment o f  zinc by simultaneous 

estimation in multiple body tissue or fluid has not been performed so far in Bangladesh, 

on children suffering from severe malnutrition associated with pneumonia or suffering
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from pneumonia without significant malnutrition. Therefore (1) this study will be first o f  

its kind in Bangladesh, which will reveal zinc status in Bangladeshi children suffering 

from ARl and from malnutrition associated with ARI. In the study zinc status has been 

assessed by determining zinc concentration in two body compartment, in serum and in 

hair. The (2) rationale o f  choosing this two compartment were due to the fact that until 

now it is believed that intelligent interpretalion o f  scrum zinc is still considered the best 

way to assess zinc status as far as zinc estimation in single body tissue or fluid is 

concerned (Aggett PJ,1994)'‘̂  and serum zinc predominantly indicates zinc status o f  the 

momcnl. On the other hand the popularil> o f  using hair as biops\ tissue for trace 

elements including zinc resides in parts in the ease with which samples may be collected 

in a non invasive and non traumatic way which is best suited for children, in the ease 

with which samples can be stored and in the stability o f  the samples after collection. In 

addition the concentrations o f  most trace elements including zinc are frequently one or 

two folds o f  magnitude greater in hair than they are in more conventional biopsy tissue 

such as urine or blood (NAHRES 22 IAEA Vienna 1994/*. Hair zinc is more stable, do
%

not lluctualc easily and can indicalc /.inc sialus o f  the past. Therefore combination of 

estimation o f  serum zinc which indicates currcnt zinc status and hair zinc indicating long 

term index o f  zinc status and by careful interpretations o f  their concentration in this two 

compartment, keeping in mind the various physiological and pathological conditions 

which may influence their concentrations in various ways will reflect more 

comprehensive and reliable zinc status o f  children, particularly o f  malnourished children 

who are more vulnerable to various stressful conditions including infections. The above 

facts were the rationale o f  selecting serum and hair for determination o f  zinc 

concentrations simultaneously in those two compartments o f  body. On the basis o f  the 

study results (3) further broad based population study may be undertaken by nutrition
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researchers o f  Bangladesh or by Bangladesh Bureau o f  Statistics, Ministry o f  Planning 

by conducting child nutrition survey (CNS) o f  Bangladesh, which will be more realistic 

approach to assess zinc status in the community because in hospital based study where 

children are referred and admitted selectively, many clinical and biochemical conditions 

are often over represented. If zinc is found low interventional research (4) may be done 

in future by giving zinc supplement to Bangladeshi children particularly to malnourished 

children and by observing clinical response for example how the zinc supplemented 

group are attacked by ARl in terms o f  frequency or severity than non supplemented 

groups, a conclusion can be made regarding reduction o f  incidence, severity and 

mortality from ARI in zinc supplemented group.

The study was also undertaken with the hypothesis (5) that if zinc status is found low 

from study results than the children suffering from malnutrition will be greatly benefited 

by routine zinc supplement and will be less susceptible to ARl, thereby helping to reduce 

mortality from severe malnutrition. We also hypothesised that if  zinc status is found low 

in children suffering from pneumonia (ARl) even without significant malnutrition, than 

routine zinc supplement in recommended daily allowance (RDA) to welnourished 

Bangladeshi children may prevent even welnourished children to suffer from increased 

incidences and severity o f  ARl. Recognizing that malnutrition is hindering national 

development the Government o f  Bangladesh has formulated a National Nutrition Policy 

and launched a nation wide integrated nutrition intervention programme (BINP). The 

initiation aims to address malnutrition directly and help promote faster socioeconomic 

development. If zinc is found low from study results, than the study result may be used 

by policy makers and programme managers for addressing child malnutrition and ARl, 

the two major health problems prevailing in the country and intervention policy by
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giving zinc supplement to undernourished children may be taken by the Government 

along with other nutritional intervention programme. As mentioned before zinc 

deficiency may cause growth retardation and failure to thrive in a previously well 

nourished children just as malnutrition may be associated with zinc deficiency. Therefore 

if zinc status is found low from study results (6) then routine zinc supplement to 

Bangladeshi children may help to maintain satisfactory nutritional status and may 

decrease the incidence o f  high malnutrition in Bangladeshi children and thereby 

decreasing high infant mortality in Bangladesh where malnutrition shares major role 

contributing directly or indirectly to 66% mortality under 5 in Bangladesh.

Attempts have been made to present a multivariate analysis to identify the important 

determinants o f  child malnutrition and ARl. The relationship (7) o f  malnutrition, ARl 

and malnutrition with ARl have not only made with zinc (both serum and hair) but also 

with various paediatric age group and sex, which will identify age group and sex at risk 

o f  severe malnutrition, ARl and ARl associated with malnutrition so that special 

attention for interventional programme can be properly taken to target vulnerable 

paediatric age group and sex.
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OBJECTIVES OF THE STUDY:

(1) To assess zinc status in severely malnourished children, in children suffering from 

pneumonia and in severely malnourished children associated with pneumonia and to 

compare their zinc status with zinc status o f  welnourished healthy children without 

signillcanl clinical problems.

(2) To assess zinc status by estimating /.inc concentration in multiple body 

compartments (serum and hair) simultaneously.

(3) To find the relationship o f  malnutrition, pneumonia and malnutrition associated with 

pneumonia with zinc status (serum and hair zinc) with multivariate factors (age, sex) 

by using logistic relation method, which will identify the specific paediatric age 

group and gender at risk o f  developing malnutrition, ARl or combined malnutrition 

associated with ARl.

(4) To find the relationship o f  serum and hair zinc concentration with various 

anthropometric (weight for age, weight for height and height for age) state o f  body.
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SUBJECT AND METHOD

It was a case controlled clinical non randomized cross sectional 4 cell study. Children 

were assigned in 4 groups.

1. Severe protein energy malnourished (PI M) group,

2. Severe PEM associated w ith Acute Respirator) Infection (ARl).

3. ARl without significant malnutrition and

4. Welnourished children without significant clinical problem, which was regarded as

comparison or control group. It was a hospital based study, done in Dhaka Shishu

(Children) Hospital, which is the largest children hospital in Bangladesh, having total 

bed o f  about 345 o f  which 20 bed is exclusively reserved for severely malnourished 

children in Nutrition ward. Children aged between six months to sixty months both 

male and female were included in the study.

Clinical Procedure

ARl; We considered pneumonia as ARl. Pneumonia was diagnosed clinically, according 

to WHO guideline having lower chest indrawing (LCI) or increased respiratory rate 

(IRR) more than age specific value or both (W HO (leneva, 1991)" '’.

Severe Malnutrition; Children having weight for age less than 60% o f  the US National 

Center for Health Statistics (NCHS) median (Gomez, 1952)^^' or whose weight for 

height was less than 70% o f  NCHS WHO median reference value (termed severely 

v\ask'd) or who had ssnimitrical nutritional oedema ( termed oedemalous malnutrition) at 

least in lower limbs were considered as severe malnutrition (W HO Geneva 1 999)" '.  We 

considered severe malnutrition and severe PEM as synonymous, and used the term 

synonymously. Height for age less than 85% o f  NCHS median was considered as severe 

stunting.
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A n th ro p o m etr ic  m easurem ent: Body weight was measured with a digital scale (Seca) 

after admission having precision o f  5 gm. Supine length was measured on a locally 

constructed wooden length board for the children less than two years o f  age or if the 

children cannot stand properly due to sickness or weakness. For other children erect 

posture length was measured and recorded with Leister plastic height scale o f  child 

health foundation, Leistershire UK.

Subjects  and  sam ple size: Total one hundred and fifty two children having age group o f  

six to sixty months o f  both sex were enrolled in the study. They were included in 4 

groups (4 cell study) (a) severe malnutrition (b) severe malnutrition with ARl 

(pneumonia) (c) Pneumonia without malnutrition (d) wel-nourished children without 

pneumonia or significant clinical problems (control). 1’he estimation o f  sample size was 

performed taking probability at the 5% level and assuming a power o f  70%. The sample 

size was determined according to formula

^ w h e n

Z = standard normal variate at 5% level o f  significant which is 1.96 

p = probability o f  success (sample) 

q = I - p = probability o f  failure 

P = probability o f  true value (incidence) 

d = P - p

Assuming probability o f  success (p) o f  severe PEM in sample (hospitalized PEM) to be 

30% (0.3) and probability o f  true value (P) o f  severe PEM as 17% (0.17), that o f  ARl, p 

as 35% (0.35) and P 10% (0.1) and that o f  ARl + PEM p and P being 20% (0.2) & 5% 

(0.05) respectively.
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For example, sample size o f  severe malnutrition (Severe PHM) 

Z^pq

( i.96)^(0 .3x0.7)

(0 .3 - 0 .1 7 ) '

= = 47.71
(0 . 13) ’

Similarly sample size o f  A R lw a s n  = 22 and that o f  ARl + PEM \vas = 27

In group A 38 wel-nourished children without AKl or significant clinical problem were 

taken as control. The control were taken from medical out patient department o f  Dhaka 

Shishu Hospital and from surgery o f  private practice from healthy siblings who 

accompanied their parents with the sick child. Only those children who were co­

operative and whose parents gave valid consent for study on their children were enrolled 

in the study.

In group B, 35 children sul'fering from pneumonia but having no significant malnutrition 

(weight for age >90% o f  NCHS median) were enrolled in the study. We considered 

pneumonia as ARl. Pneumonia was diagnosed clinically by finding lower chest 

indrawing (LCl) or by increased respiratory rate (IRR) more than age specific value 

according to WHO guideline (WHO Geneva 19 9 1)"*’. Accordingly, children aged 

between 2 months to 1 year having respiratory rate more than 50/minute and children 

above 1 year having respiratory rate more than 40/minutes were considered to have IRR. 

IRR other than pneumonia like heart failure, bronchial Asthma, metabolic acidosis etc 

were excluded. Children suffering from pneumonia were taken from general paediatric 

ward o f  Dhaka Shishu Hospital. They were enrolled in the study after taking valid 

consent from their parents.
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In group C, 47 severely malnourished children (severe PEM) having weight for age or 

weight for height less than 60% or 70% o f  the NCHS median respectively or who had 

nutritional oedema and having no clinical evidence o f  pneumonia or other obvious 

significant clinical problems were enrolled in the study. Severe malnutrition due to 

chronic medical or surgical conditions were also excluded and thereby only primary 

severe miilnutrilioii were enrolled in the study. Wc considered severe maliuitrition and 

severe PEM to be synonymous. The malnourished children were taken from nutrition 

ward o f  Dhaka Shishu Hospital. Parent’s consent were taken before enrolling the 

malnourished children in the study.

in group D 32 children with severe malnutrition associated with pneumonia (according 

to WHO guideline) but no other obvious acute clinical condition (Acute Gastroenteritis, 

meningitis etc) were included in the study. They were also taken from Nutrition ward o f  

Dhaka Shishu Hospital and they were also enrolled in the study after taking valid consent 

from their parents.

Randomization was not possible as we found \er> dil'Ucult to get and had to wail unduly 

prolonged time to get wel-nourished children (control), whose parents will agree to allow 

to take blood due to needle phobia and allow scalp hair sample collection for cosmetic 

blemish. Similarly, we found great deal o f  difficulty to get children with severe 

malnutrition and pneumonia in higher age group (> 2  years) in randomized fashion to 

match welnourished children o f  higher age group, as combined PEM and ARl are more 

frequently found in lower paediatric age groups.
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Informed consent from parents or legal guardian were taken in all cases before they were 

enrolled in the study. The study was approved by ethical review committee and 

management board o f  Dhaka Shishu Hospital. Guardians were given the right to 

withdraw their consent to continue the study with their children. Even if  they do not 

agree to enroll their children in the study or withdraw their consent during their study, 

they received the usual schedule trcatmenl.

Body composition

Body composition were measured in all four groups by using Bioelectric impedence 

(BIA) analysis using a tetrapolar electrode, placing two electrode in right lower limbs 

and two in right upper limbs. In the upper limb, the red electrode was placed at the level 

cutting the mid points o f  the radial and ulner tubrosities and the black one just behind the 

middle finger adjacent to metatarso phalangeal joint. Similarly two electrode were placed 

on the right foot, the red electrode cutting the mid points o f  medial and lateral malleolae 

at the distal end o f  tibia and fibula and the black one being placed just behind the middle 

toe, adjacent to metatarsophalangeal joints. An electric impulse o f  800 MA at 50 KHz 

(Lukasaki HC 1985)“  ̂ was then passed through the body o f  the child and reading o f  the 

resistance (electric impedence) was recorded. A linear regression equation (Fjeld CR

1990)--“* was used to calculate the Total Bod\ Water (TBW), Fat free body mass (FFBM) 

or lean mass using age specific formulas and age specific constants o f  body density 

(Famon J 1982)^^^ Fat mass and percentage o f  fat mass and percentage o f  body solid 

were then calculated simply from percentage o f  FFBS and percentage o f  TBW 

respectively. Oedmatous malnutrition (Kwashiorkor and marasmus kwashiorkor) were 

excluded from the study.
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Sample collection and preparation

Zinc stains was assessed by determining zinc concentration in hair and serum. Lacli liair 

sample (minimum 1 gm) was collected from different areas o f  head with a clear stainless 

steel scissor. They were kept in small polythene envelop with proper labeling o f  the 

patient’s name, age and sex until sent for analysis. According to recognized procedure 

(Report IAEA Vienna 1978)^^^, the samples were washed twice with acetone, three times 

with double distilled water and finally once with acetone. The washed samples were air 

dried lor 24 hi)ur in a clear room. l)r> weight was minimum 0.5 gm. Samples were then 

prepared by wet ashing method according to Parkin elmer method o f  analy sis (Perkin 

Elmer, Norwalk, 1982)^^’ in the following manner.

6 ml o f  HNO3 was added and was allowed to react at room temperature. The digested 

hair was then warmed and 1 ml o f  IICLO 4 was added and healed at 200°C until dense 

white fume were evolved. The solution was accepted for analysis when it became water 

clear. It was then transferred to 5 ml volumetric tlask o f  deionized water. The solution 

was used for determination o f  zinc after further 1:10 dilution. The solution was preserved 

in dessicater for analysis.

For serum zinc 5 ml o f  venous blood was collected in de ionized vials using deionized 

syringe, centrifuged and serum was stored at -20°C until ready for analysis. The serum 

was diluted to one fold with deionized water and the standard solution were made in 1 0 % 

glyccrol to match the viscosity o f  serum solution. Standards were made from 

spectroscopic graded salts o f  elements and suprapure acid (2 ml o f  65% nitric acid). All 

the solution were made with double distilled deionized water. The predigested samples
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were then heated at 110°C for 6  hour and subsequently at 150°C until the ashing 

procedure was completed.

The zinc concentrations in hair and serum after proper processing and preparation were 

measured by flame atomic absorption spectrophotometry (AASP), using Perkin Elmer 

model no 3110, using wave length o f  213.9 nm with 0.7 nm slitwidth. It was also 

pcrl'ornicd in chcniislr) division o f  Bangladesh Atomic I'nerg) Centre, Dhaka. Result 

were expressed in parts per million (ppm). Serum zinc was considered low if  the value 

was < lp p m  which corresponds to l|igm/ml or 100|.tgm/dl or 15.3 |.unol/L. We also 

considered hair zinc to be low if zinc concentration was <150 ppm corresponding to 150 

fj,gm/gm o f  hair. There is still no single reference normal range for serum or hair zinc. 

The wide divergence for the normal values o f  zinc in hair make cut o ff  point for low hair 

zinc extremely dirtlciilt. The lileratiire contains broad range o f  results for the normal 

value ol'/.inc in human hair. Some (1 lilderbrand DC, 1974; llambidge DM 1982' Rivlin 

RS 1983, Barette SJ, interpret these broad range o f  normal value as a

serious impediments to the utilization o f  hair analysis for assessing nutritional status. 

Some authors (Katz 1980, Chatt A 1983, Katz & Chatt 1988)‘^̂  ‘” have considered 

variable such as length o f  hair, age, gender, race and habitat o f  donor as well as the 

procedure used for the collection and preparation o f  hair sample to influence hair zinc 

concentration. Moreover mean values for the same age varies between one study and 

another. This could be at least partially explained by lack o f  internal standard or a 

common reference standard material in the various laboratories. In addition, quite often 

the extremely high standard deviation, in some instances even larger than mean zinc 

value indicate great individual variation (Dorea JO 1985)■^^
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Similarly there is no single reference normal ranges for serum zinc. Therefore the term 

“frequent normal values” is used for serum zinc also. Serum zinc concentrations ranging 

aboui 9-22 (.imol/l (0.59 -- 1.44 ppm) are often used to screen zinc deficiency (Agette PJ 

1 9 9 4 / ’ . 'The frequent normal values' for zinc used range from 0.8 -  1.1 |.igm/ml 

equivalent to 0.8 -1.1 ppm (lYliNGAR V 1988)-^^ Golden BE et al (Golden BE 1979)^- 

considered serum zinc concentration to be low, if found below 14 mmol/1 (0.93 ppm) 

which almost equivalent to 1 ppm (1 ppm is e.\actl> equivalent to 15.3 |.unol/l). The same 

cut o f f  point was used by l<oy (Roy SK 1997)'’  ̂ for their stud) in malnourished 

Bangladeshi children with acute diarrhoea. Serum zinc in my study was considered low 

if it was below 1 ppin. cqui\alcnl lo 15..i ^unol 1. ihe cut o ff  point almost similar to that 

used by Roy SK et al in malnourished Bangladeshi Children. In case o f  malnourished 

and ARl patients, hair and blood samples were collected immediately after admission to 

hospital before any treatment was initiated and serum proteins were estimated from 

collected blood in case ofmalnourishcd children with or without ARl.

STATISTICAL ANALYSIS

Data cleaning, validation and analysis was performed using SPSS/PC plus an SAS 

software.

Bivariate analysis

The zinc concentration in hair and serum in the three clinical conditions o f  4 cell study 

was compared with the control and also with each other using Duncan Multiple Range 

test (DMRT) and Tukey’s test using SAS software and was considered significant if p 

was '-U.05.
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Odds ratio (OR), 95% confidence interval (Cl) o f  OR, standard error o f  OR was also 

used in bivariate analysis to know the degree o f  difference o f  zinc concentration in 

between two groups. An odds ratio was considered significant if  the upper and lower 

limit o f  confidence interval do not includes unity. Z statistics were also used to compare 

the two values at various significant level to reject null hypothesis (ho) and the 

minimum cut o f  point was 0.05 i.e.. p<0.05.

Multivariate logistic regression analysis;

Multivariate logistic regression analysis was also used using serum zinc, hair zinc, age 

and sex in PEM, ARI and ARI+PliM response profile and it was accepted for statistical 

analysis if the model were found statistically significant ( p<0.05). The results were 

considered statistically significant if p was found <0.05.

To find the direct relationship between two variables we also used correlation coefficient 

(r) and it was considered only o f  statistical importance if there was a linear relationship 

between two variables. The linear relationship was considered significant if  p was <0.05.
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RESULTS

Baseline and general characteristics

Thirty eight children were allotted to welnourished control group (Group A). Thirty five 

children were allotted to ARI(Pneumonia) in group B and forty seven and thirty two 

children were allotted lo severe malmilrition (Pl'.M) in group C and Pl-.M with ARl in 

group D respectively ('I'able V).

The mean age (in months) in 4 groups were 32 ±6.52 months, 28±6.54 months, 25±5.62 

months and 22±4.25 months in group A,B,C and D respectively (F ig .l ,  table-V) showing 

mildly lower trend o f  age group in malnourished children with or without pneumonia, as 

it is more frequent in lower age group and it was very difficult to find higher age group 

(more than 24 months) in malnourished group with or without ARl to match exactly the 

healthy control group. Similarly to get more lower age group in healthy control to match 

e.xactly the two malnourished groups (group C & D) were also found difficult as most 

parents refused to allow their small children to take blood samples and hair samples from 

their smaller children.

Sex distribution in 4 groups were reasonably welmatched with male female distribution 

in group A(Control) being 22 and 16, and in group B,C & D, 20 and 15, 27 and 20 and 

18 and 14 respectively. Male female ratio having approximately 1.3:1 in all groups 

(Fig.2. Table-V).

The result o f  the anthropometric in 4 groups are given in table VI and in figure 3.

As expected according to inclusion criteria, anthropometric measurement are within 

normal range in welnourished control (group A) and in welnourished ARl group (Group
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B), having no underweight according to weight for age, no wasting according to weight 

for height and no stunting according to height for age. Severely malnourished group with 

or without ARI (group C & D) on the other as expected from inclusion criteria were 

severely (<50%) under weight (mean 48.12 & 47.63 in group C & D respectively), 

severely wasted (weight for height <70% o f  NCHS WHO median) and severely stunted 

(height for age below 85% o f  NCHS WHO median). Out o f  total 79 severely 

malnourished children (47 in group C and 32 in group D) 50 was marasmic (30 in group 

C and 20 in group B) and 29 were oedematous malnutrition (combined kwashiorkor and 

marasmic kwasliiorkor) Distribution o f  kwashiorkor and marasmic kwashiorkor in group 

C and D were 6  & 3 kwashiorkor (total 9 kwashiorkor) respectively and 11 and 9 were 

marasmic kwashiorkor (Total 20) respectively (Fig.4, Table Vll).

Result of Body composition

The result o f  body composition in 4 groups arc shown in tabular form (Fig. 5, Table 

VIll-XI). Percentage o f  TBW was obtained from impedance value obtained by BIA 

method and by linear regression equation used for obtaining TBW for malnourished 

children (Fjeld CR 1990)^^^*. From TBW. percentage o f  fat free body mass (% FFBM), 

percentage o f  fat mass (% fat) and percentage o f  body solid were obtained, using age 

specific formula and age specific constant o f  the body density (Famon J 1982)■•^ The 

result showed very low fat percentage in both malnourished groups with mean value o f  

12.77 ±4.32 in group C (PIIM) and 11.35±3.85 in group D (PEM with ARI) respectively. 

Welnourished two groups (control and ARI) have almost two times higher fat percentage 

than malnourished groups having percentage o f  fat o f  23.10±8.3I and 22.68±7.68 in 

control (group A) and in ARI (group B) respectively.
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Body composition thus proves that it is the fat which is significantly reduced in 

malnourished children. Similar results were also obtained by another study on 

malnourished children (Islam S 1991)” * where it was observed that fat percentage in 

children were inversely related to degree o f  malnutrition, that is more the percentage of 

fat less the malnutrition. Severe malnutrition having least fat.

Body composition results also revealed that %  TBW and %  FFBM (TBW plus protein, 

extracellular and intracellular water, osseus and non osseus tissue) are less in group A & 

B (well nourished control and ARl) and they are raised in malnourished group (Group C 

& D). Body solid therefore were found higher in welnourished group (mean value 

39.17%, 37.78% in group A &B respectively) than malnourished group (32.23% & 

32.30%) in group C & D respectively.

OUTCOME OF ZINC ANALYSIS

Mean serum zinc in parts per million (ppm) in 4 groups are shown in Fig . 6  & table Xll. 

Mean serum zinc in PEM (1.31±0.55), ARl (1.26±0.60) and in ARl with PEM (0.90±0.51) 

were found significantly lower (p<0.05) than welnourished control having mean serum 

zinc o f  1.76±0.98. Serum zinc in malnourished children associated with ARl was found 

even significantly further low (P <0.05) than serum zinc of malnourished children without 

ARl. Statistically, considering serum zinc to be low if it was <1 ppm, serum zinc in 

welnourished control group was found four, five and six times higher than serum zinc in 

children with pneumonia (ARl), malnourished children (PEM) and malnourished children 

associated with pneumonia (OR 4.5 & 6  respectively with p <0.05). Serum zinc was again 

found statistically two times low, when pneumonia affected malnourished children than 

pneumonia, occurring in healthy welnourished children (OR 2, 95% Cl
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1.65, 4.58 P<0.05). Serum zinc o f  less than 1 ppm (<15.3 |imol/L) were found in more 

children in ARI (40%) malnourished (43%) and in malnourished children associated with 

pneumonia (56%) than control (13%) children.

The mean hair zinc concentration in ppm (jigm/gm), in 4 groups are shown in the table 

XIll & Fig. 7. The mean hair zinc concentrations in ppm in ARI (158±48), PEM 

(174±75) and in PEM associated with ARI were (177±70) significantly lower than 

welnourished control (249±154) group. However unlike serum zinc, no significant 

difference in zinc concentration were found among ARI, PEM and PEM associated with 

ARI. Hair zinc concentrations in ARI, PEM and in PEM associated with ARI were found 

statistically three times (OR 3, P <0.05) lower than welnourished control group. 

However unlike serum zinc, no difference in odds ratio were found between control and 

three groups (ARI, PEM, ARI with PEM) and among later three groups. Hair zinc 

concentration below 150 ppm were found in more cases in ARI (46%), PEM (47%) and 

in PEM associated with ARI (47%) than welnourished control (21%) group.

Statistical analysis using multivariate logistic relation model, using serum zinc, age and 

sex and hair zinc, age, sex and combined serum zinc, hair zinc age and sex in 

malnutrition (PEM) group, ARI group and in malnutrition associated with ARI response 

profile were seen. All three models mentioned above were statistically significant as 

shown in three tables. The p values o f  the models were p=0.0001, 0.0001 and 0.0001 in 

PEM, ARI and in PEM with ARI response profile respectively. Table XIV shows serum 

zinc has significant negative (as shown by negative parameter estimate) association with 

malnutrition (p=0.00l6), ARI (p=O.OI39) and with PEM associated with ARI 

(p=0.0034). That is low serum zinc are significantly associated with PEM, ARI and with
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PEM associated with ARl. Table XV showing hair zinc, age and sex as variable in PEM, 

ARl and PEM with ARl response profile the model used also found statistically 

significant with p value being 0.0020, 0.0001 and 0.0010 respectively. Hair zinc was also 

found negatively, although statistically not significantly associated with PEM 

(p=0.1282), ARl (p=0.8845) and with PEM associated with ARl (p=0.4471). That is low 

hair zinc are associated with malnutrition, ARl and with malnutrition associated with 

ARl. Table XVI using combined serum and hair zinc, age and sex, in PEM, ARl and 

ARl with PEM response profile, the model used was again found statistically significant 

(p=0.0001, 0.0001 and 0.0010 in PEM, ARl and PEM with ARl respectively). Both 

serum zinc and hair zinc were found negatively associated with PEM, ARl and with 

PEM associated with ARl, but only serum zinc was found to have significant negative 

(p=0.0020) association with malnutrition (PEM) and with malnutrition associated with 

ARl (p=0.0138).

In all three groups age and sex were negatively associated with all three groups, that is 

lower age groups and female children were more associated with PEM, ARl and with 

PEM associated with ARl. However statistically significant association with PEM, ARl 

and PEM with ARl were found with lower age group only.

Table XVll Shows the correlation o f  serum and hair zinc with anthropometric 

measurement. Both serum zinc and hair zinc had statistically significant positive 

correlation with weight for age and height for age. However serum zinc had stronger 

correlation (Fig. 8 , table XVII) with weight for age (r 0.4006, p<0.001) whereas hair zinc 

had more strong positive correlation (Fig. 9, table XVll) with height for age (r=0.3l4, 

P<O.OI). However hair zinc (Fig.10, table XVll) also showed significantly positive
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correlation (r=.2887, p<0.01) with weight tor age, and serum zinc (Fig.l I, table XVI!) 

also showed significantly positive correlation with height for age (r=.2991, p=0.043). 

Weight for height however had shown no statistically significant correlation with serum 

zinc or hair zinc.

CORRELATION OF SERUM AND HAIR ZINC WITH AGE AND WITH 

EACH OTHER.

The result (Fig.l2, table XVlll) showed significantly (r=0.3821, p=<0.01) positive 

correlation o f  hair zinc with increasing age in months that is zinc concentration increase 

signiHcanlly in hair with increasing age in months. Serum zinc had negative but 

statistically not significant (r=-0.0575, p >0.05 NS) relationship with increasing age that 

is serum zinc level decreases insignificantly as the child age increases. The results also 

showed negative but statistically insignificant, correlationship between serum zinc and 

hair zinc that is as serum zinc decreases as hair zinc increases (r -0 .0925, P> 0.05 NS).

Zinc concentrations in different types of malnutrition

Tabic XIX shows the hair and serum zinc concentration in marasmus, kwashiorkor and 

in marasmic kwashiorkor. There was no significant difference in hair zinc concentration 

in three types o f  severe malnutrition. Serum zinc concentration were found lower in 

marasmic kwashiorkor (0.87±0.04 ppm) and in marasmus (1.16±0.50 ppm) than pure 

kwashiorkor (1 .64±0.72).
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Serum Proteins and Haemoglobin in Malnourished (PEM) and in PEM 

associated with ARI.

Table XX shows almost identical decreased scrum protein and albumin (gm/dl) in both 

PEM (4.41 ±0.64, 1.90±0.37) and in PEM with ARI (4.28±0.53, 1.78±0.42) with change 

in albumin globulin ratio. Haemoglobin concentration in gm/dl were also found low 

(6 .0 2 ± 1.15 and 6.78± 1 . 2 0  respectively) in two groups.

Correlations of serum and hair zinc with serum proteins and haemoglobin.

Significant positive correlation were found with hair zinc and serum albumin ( r=0.2667, 

P =0.008), that is hair zinc increases as serum albumin increase. There was also 

significant positive correlationship with serum total protein and haemoglobin ( r=0.4699, 

p=0.001) and serum albumin with haemoglobin (r=0.3336, p=0.002) (Table X X I ) .
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DISCUSSION :

The study clearly demonstrates that both severe malnutrition and ARl were associated 

with low zinc status which was assessed by determining zinc concentration in both hair 

and scrum and in both circumstances the results were found statistically significant. Zinc 

status was found further decreased when ARl (Pneumonia) took place in severely 

malnourished children. Detection o f  mild to moderate zinc deficiency and confirmation 

by biochemical data are difficult, in contrast to iron and iodine deficiency, zinc has not 

yet established itself in clinical medicine except as a specific treatment o f  Acrodermatitis 

enteropathica despite enthusiastic reports by interested clinicians and circumstantial 

evidence to suggest that zinc deficiency, often in combination with other deficiencies is a 

common clinical and public health problem. This is because o f  the considerable 

confusion that still surrounds the clinical features o f  mild zinc deficiency which are 

nonspecific and we lack insights into which o f  the many zinc pool is the most vulnerable 

to deficiency and the mechanism by which this pool e.xerts its effects (Golden MHN 

1982)” . The clinical symptoms such as diminished growth velocity and probable 

increased susceptibility to infections are not characteristics. The advent o f  atomic 

absorption sectrophotomietry, coupled with the availability o f  polyethylene materials 

that minimize contamination, has led to the acquisition o f  a large amount o f  accurate 

data respecting the zinc content o f  biological fluids and tissues. Because o f  the ease o f  

acquisition, plasma and hair are o f  special interest. Many clinical disorders are known to 

be accompanied by a decreased plasma zinc content (Halsted JA 1970)’ '̂̂ . In view o f  

increasing evidence that zinc deficiency occurs in man and leads to abnormalities o f  

growth and development and many other clinical problems it is important to ascertain 

whether lowered plasma zinc concentration signifies zinc deficiency o f  clinical
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importance or marely a redistribution o f  zinc in body compartments. There is still 

uncertainty and difficulty in defining or assessing zinc status in individual patient. 

Sufficiently sensitive unambiguous indicies o f  homeostatic adaptation o f  marginal 

changes, as would be ideal to detect incipient deficiency or excess are not yet available 

(Aggett PJ 1993)'” . Although currently, careful interpretation o f  serum zinc 

concentration in relation to metabolic state o f  body if probably the best biochemical 

indicator o f  Zinc status (Aggett PJ 1993)'’^  zinc deficiency can be demonstrated only by 

observing the effects o f  supplementation under specific conditions with appropriate 

control (Golden and Benette 1988)^“̂. A lowered plasma or serum zinc concentration 

would be more likely to signify zinc deficiency if  it could be correlated with 

corresponding depressed zinc level in another tissue such as hair (Mcbean LD 1971)''^. 

No study has been reported in which hair and blood samples have been clearly obtained 

from a large number o f  same individuals in similar age group o f  severely malnourished 

children suffering from pneumonia. Therefore, the study is unique and first o f  its kind 

not only in Bangladesh but also probably in the world, since no such article published 

upto dale. Blood and urine analysis o f  trace elements although are the more traditional 

approach to evaluate zinc and other trace elements, they are very labile pool and 

fiuctuate rapidply in response to changing physiological and environmental condition 

(Katz and Chatt A, 1994) '̂**’. The most labile zinc pool are those in the plasma and in the 

liver (Jackson MJ 1989)"'". Plasma zinc is frequently within normal range in mild zinc 

deficiency or on the other hand may be reduced without body zinc depletion during 

infections or stress. Serum zinc in compensated metabolic phase or even in gross clinical 

deficiency may remain normal by zinc homeostasis mechanism and by release o f  zinc 

from tissue breakdown (Aggett PJ 1994)“*^ The release o f  zinc from tissue breakdown 

can maintain plasma/serum zinc levels within the reference range although the patient
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has clinical and biochemical features o f  zinc deficiency (Conrad ME !9 9 !)‘'*\ Therefore, 

a lowered plasma zinc concentration would be more likely to signify zinc deficiency if it 

could be correlated with a corresponding depressed zinc level in another tissue such as 

hair (M cBean LD 1971)'’̂ . On the other hand zinc in hair is more stable. The length o f  

hair sampled could deplet store o f  3-4 months (Dorea JG 1985)^^’ while in contrast 

plasm a zinc reflects zinc nutriture at the moment and still could be influenced by meal 

spacing (I’oley BS et al 1968)'^’. Therefore, hair and plasma zinc can represent past and 

present zinc status respectively (Lee HH et al 1989)' '’’ . The popularity o f  using hair as a 

biopsy tissue for trace elem ents resides in the fact that it can be collected easily and in 

nontraumatic way, can be easily transported and stored and it contains normally 

relatively high concentrations o f  many minerals and trace elem ents which facilitates 

analytical procedures. However hair zinc detection appears to be useful in chronic mild 

zinc deficiency. In severe zinc deprivation there may be paradoxical increase in zinc 

contcnt o f  hair (Hemp .IM ct al. 199 i)""\ In animal experim ents hair zinc level are 

shown to be not always reduced during severe zinc deficiency (Kollm ar WE 1986)^“*''. 

The same can happen in patients with severe malnutrition (Hurry VJ 1982)^''^ and in 

Kwashiorkor (Bradfield RB 1969, Erten J 1978, Hambidge KM i 9 7 4 )2 - * ^ - ‘* ^ -2‘**_ 

phenom enon is due to reduced hair growth during malnutrition (Bradfield RB 1966, Hsu

in

malnourished children only during recovery (Hambidge KM 1972)^^. Zinc is transferred 

to hair in proportion to its availability in the central com partment. In dietary Zinc 

deficiency the level o f  this compartment may be kept normal in circum stances where 

hom eostatic mechanisms counterbalance the low supply in the diet. Thus the level in the 

hair reflect insufficient internal availability rather than the level in the diet. Therefore 

hair zinc analysis does not appear to be suitable for indicating dietary adequacy or
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marginal deficiency o f  zinc in adults. Due to relatively high dem and for zinc in infancy 

com bined with relatively low body stores the levels in hair o f  infants or o f  growing 

individuals may be more susceptible to low dietary supply than those o f adults. Low 

levels in hair o f  infants are obviously a relatively reliable indicator o f  state o f  zinc 

deficiency while normal levels may not always indicate adequate supply (NAHRES-22 

Vienna 1994)“*. State o f  zinc deficiency becomes even more obvious and reliable when 

low hair zinc is coupled with low serum zinc in same individual (M cBean et al 1971)'*^. 

In the study both serum and hair zinc were found significantly low in malnourished 

children and in children suffering from pneum onia and was found further dim inished 

when pneum onia attacked severely malnourished children.

The present data have demonstrated low zinc status, both in hair and serum with acute 

respiratory tract infections irrespective o f  nutritional status, in com parison to control 

group without ARI. Hair zinc was also found low in ARl by studies done by Lombeck 

(Lom beck I 1988)^^' in Germany and by van W ouwe JP (Van W ouwe JP 1986)^^^ in 

Netherlands. It is clear that the rapid decrease o f  serum zinc may occurs in acute 

infections like ARl, and may indicate a change in distribution but not a reduced body 

status. However it is unusual for hair zinc to be reduced in acute infections as hair zinc is 

more stable. Therefore low serum zinc coupled with reduced hair zinc clearly indicates 

low zinc status in children suffering from pneumonia. The pathways by which hair zinc 

levels may be lowered during ARI is not known. It may be speculated that altered 

m etallothionein synthesis in the gut and liver may affect zinc bioavailability in various 

tissues. Because o f  significant association o f  low hair zinc with ARl in children, the need 

to discover whether or not marginal zinc deficiency, contribute to the disease frequency 

is urgent. Although it is clear that serum zinc may be lowered in acute infections like
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ARl as shown in my study it was also found low in recurrent upper respiratory tract 

infections (Bondestam M 1985)*”  in Sweden and in chronic respiratory infections iii<e 

pulmonary tuberculosis in India (Taneja DP 1990)^^^

'I’racc elements dellcieney including zinc deficiency are being increasingly recognized in 

severely m alnourished children (Castillo-Duran C 1987) Golden et a! (Golden MHN 

1981)^° dem onstrated in severely malnourished children that inadequate zinc intake may 

be a limiting factor for growth. Oral supplem entation in that study was associated with a 

significant acceleration in linear growth and improved zinc nutriture. Therefore, 

com bined severe malnutrition with acute respiratory infections, two zinc lowering 

clinical conditions are expected to have additive or confounding effect in lowering zinc 

status o f the body, as we have found in our study. Statistical analysis by both bivariate 

and multivariate linear logistic relation model, with serum zinc, hair zinc, age and sex as 

variables in PEM, ARl and PEM with ARl response profile showing negative association 

o f  both serum and hair zinc with PEM, ARl and with PEM associated with ARl suggest 

the scientific validity o f  the study and strongly supports that the results are less likely to 

be erroneous and expected to be widely accepted.

The result also showed that children having ARl (with or without severe m alnutrition) 

have lower age group than control. Although all groups o f  children were under five years 

o f  age, we found difficulty in matching PEM and ARl groups with control in age and sex 

wise and ARl and PEM children had low mean age than control. This is the usual 

findings in ARl as small children are more vulnerable to pneum onia and require hospital 

adm issions more for treatment than older children. The result therefore showed that the 4 

groups are not welmatched in age wise, with control having higher mean age in control
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than PlvM, and ARl groups. This may be a (.Irawback o f our study as variance o f  age may 

affect zinc concentration in hair in a controversial way. hi general, new born has a higher 

zinc concentration o f  hair than that o f  older children (Ham bidge et al 1972) Zinc 

concentration in hair than decreases from birth to twelve months o f  age (Ham bidge et al 

1972, Gibson RS 1979) and then gradually increases upto 13-17 years when it 

reaches adult level (Hambidge KM 1972, Ik'rgm ann Kli 1979) Gentle, I'rcntalangc 

and Coleman found a startling linear increase in hair zinc with age accounting for 49 

percent o f  the total variance in hair zinc values (Gentle P et al 1981 )■'”*. Petering, Yeager 

and W itherup in 1971 also found a significant positive association between increase in 

age and hair zinc from 2 to 12 years (Petering HG 1971)^^'^. However in disagreem ent 

with both Gentle (1981) and Petering (1971), Moser, Kreb an Blyller (1982) who 

studied 42 children from 3 to 9 years o f  age found no association between age and hair 

zinc concentration (M oser Pli cl al 1982)'*’". The use o f  Log intervals by Petering et al 

(1971) may explain the divergence with M oser's findings. Had Petering com puted a 

correlation coefficient as done by Moser, the non linear relationship between the 

variables would have emerged as non significant correlation. It seems that zinc 

concentration in hair changes with age although not in any predictable manner. Taking 

into consideration the larger inter indi\idual \ariabilit> o f  hair /inc . it seems unlikely 

that age alone would account for half the variable in zinc values as was alleged by Gentle 

et al (1981). Similarly influence o f  sex on concentration o f  hair zinc is inconclusive. 

While Hambidge et al found significantly higher level o f  zinc in girl's hair than boys 

between 33 and 90 months o f age (Hambidge KM 1979)-^', Erten et al (1981) observed 

that sex had no influence on hair zinc at intervals o f  5 years from 0 to 15 years (Erten J 

1978) Klevay M et al found that although hair zinc varies with age, but no difference 

o f  zinc concentration due to sex difference (Klevay LM 1970)^^\ In our study however
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we found a significant positive correlationship (r=0.3440, p=<.001) between hair zinc 

and age in months, which was linear from 2 years onward. Serum zinc was found 

negative hut statistically insignificant correlation with age in our study (r=-0.0375, 

p=0 .7 7 l). I'he depression in serum zinc in children as age increases, is due to fact that as 

the child grows, the demand for zinc in tissues, particularly to m uscles increase and it is 

supplied and taken up from serum, the fall in serum being greater in those infants who 

grow fastest and is more marked in males. This phenom ena is observed not only in 

growing healthy child but also in recovery phase o f  malnutrition. There is direct 

relationship between the fall in plasma zinc and the rale o f  weight gain, em phasizing tite 

domincnl role growth has on zinc requirement (Golden BE et al 1981)'^". Typically a 

recovering malnourished child may gain weight at a rate o f  15g/kg/day. If this were lean 

tissue with a zinc content similar to normal mixed muscle a 5kg - child would need to 

retain an additional 127 microinol ( 8 mg) zinc per day . It is obvious that during 

rehabilitation very large amount o f  zinc arc required to replete depleted tissues and to 

permit growth. None o f  the currently use diets supply any where approaching the 

am ounts o f  zinc required to return the child to normal. It is perhaps for these reasons 

that anthropometrically recovered children still have thin atrophic m uscle fibre (Hansen- 

Smith FM, et al 1979)*’ Growth o f  muscle fibres during recovery from severe 

malnutrition in Jamaican infants have a much reduced zinc concentration (Cheek DB

1970)^'. M alnourished children who are given maintenance diets which does not permit 

growth and supply only 1.5 micromol zinc/kg/day (less than content o f  1 gm o f  muscle) 

maintain their plasma zinc concentration (Golden BE 1981)^“. W hen they are given an 

increased diet so that they can gain weight rapidly, even provision o f  the recom m ended 

dietary allowance does not prevent a profound fall in plasm a zinc concentration. This 

remains low throughout recovery and returns to normal only when the children cease
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gaining weight rapidly. Chandra et al also observed a decline in plasm a zinc 

concentration in children with ages o f  growth spurt in healthy children and in anabolic 

phase o f  recovery from malnutrition (Chandra RK I983)^^ This is presumably because 

zinc is being taken up from plasma pool more rapidly than it is replaced from intestine or 

from other com partments and distributed to other tissues like hair, bones, m uscles etc. 

Therelbre as serum zinc falls with age, hair zinc increases with age. in my study this 

inverse relationship between hair and serum zinc was also found. However it was not 

statistically significant (p=-0.0771). A lack o f  significant correlation between the zinc 

contcnt o l'these  two tissues has been reported in children by M cBean et al and Chase et 

al (M cBean LD 1971, Chase IIP I980)'^‘'" ‘’'. Klevay et al found no correlation between 

zinc content o f  hair and o f  plasma measured on a random sam ple o f  the Panamian 

population (Klevay LM. 1970)^^^. Eminians et al also found no significant correlaion 

between hair and serum zinc concentration in Iranian Children (Em inians J.G. I967)"^\ 

Eminians et al rather found a statistically insignificant positive correlation coefficient 

between zinc content o f  paired plasma and hair sample with an absolute value o f  0.05 

which was not statistically significant (p>0.05). Plasma zinc concentrations in healthy 

infants match those o f  adults. A higher concentration has been noted in breastfed infants 

at 6  months than in those fed formula. In preterm neonates there is a progressive decline 

in serum or plasma zinc concentration with a nadir o f  9.1 ± 2.6 micromol/1 at about 6-12 

weeks o f age, then it increases subse(.|uontl> ((lolden Ml IN & Benette 1988, Golden 

Ml IN 1982)^^’̂ ’ . 1'his depression correlates with the rate o f  weight gain, being greater in 

those infants who grow fastest and is more marked in male children.

Correlationship o f  serum and hair zinc with various anthropom etric m easurem ent in my 

study showed serum and hair zinc to have significant positive correlationship with
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weight for age (W /A) and lieighl for age (11/A) but stalislically iiisignillcanl negative 

correlationship with weight for height (W/H). However serum zinc showed stronger 

correlations with weight for age (r=0.4006, p<.OOI) than hair zinc (r=0.2887, p<.001) 

and hair zinc have showed stronger correlationship with H/A (r=.314, p<.001) than 

serum zinc (r=.2991, p=0.043). Just as hair and plasma zinc represent past and present 

zinc status respectively, 11/A, and W/A represent past and present over all nutrational 

status. This indicate that children with higher stature also had higher hair zinc levels and 

in children with chronic zinc deficiency has lower hair zinc status and have short stature 

(Ham bidge KM 1972, Bergman KE 1979)’‘'■■'’̂  Although we did not tmd positive 

correlationship between serum or hair zinc with weight for height, we found stronger 

correlation between serum zinc and weight for age (r=0.4006, p<.001) and relatively 

weaker correlationship between hair zinc and weight for age (r=.2887, p<.01). Similar 

correlation was also found in Buzina's Study (Buzina R 1980)^^*. Buzinia concluded that 

there was increase incidence o f  growth retardation in children with below average hair 

and plasma zinc values. Castillo-Duran et al found enhanced w eight gain without 

significantly modifying food intake with zinc supplimentation during the recovery phase 

o f  m arasmus (Castillo - Duran C I987)‘^ \ In Jamaica, an adequate zinc intake has been 

found to be necessary for optimal weight gain in infants during the recovery state o f 

Protein-cncrgy malnutrition (CJoldeii MIIN 1981)'"’. If zinc deficiency persists, it may 

contribute to the poor linear growth in later childhood which is characterstic o f  many 

populations where Protein energy malnutrition is common (Sandstead HH 1981 )**’’ . 

However anthropometric relationship with hair or serum zinc deserve explanationns, as 

other investigators have found no significant correlations between anthropom etirc 

measurem ents and hair zinc in children (O'Leary MJ 1980)"^** or between anthropom etric 

m easurem ent and plasma zinc (Griger JL 1978)^^'^.
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In addition to anthropometric assessment o f  nutritional status in four groups studied, the 

study also assessed the body composition by using Bioelectric impedence analysis 

(BIA). Standard anthropometric measurements have utility values to the extent that 

most children suffering from PEM can be identified. Nevertheless there also occurs gross 

errors following such methods (Bai Ki et al 1977)'^^’. Different studies showed that 

faults remained in most o f  the approaches, since such measurem ent cannot reach high 

scientific precision due to lack o f  proper standardisation; interobserver errors and failure 

to determ ine actual age due to lack o f  education and maintenance o f  proper birth 

records (Gumery M et al 1980, Ramchandran K, et al 1978, Agarwal CM et al 

1980)^’ ' '^^ '̂^” . Bioelectric method is superior to anthropometry in term s o f  accuracy and 

precision. It has gained its popularity due to fact that body com position can be analyzed 

rapidly, easily and in a noninvasive way. Total body water (TBW ) is an indicator o f  fat 

free mass from which fat mass (FM )can be calculated. However TBW  and FM cannot be 

measured easily by BIA method in m alnourished children. A linear regression equation 

was used to calculate (Fjeld CR 1990)"'’* the TBW . Fat free body mass (FFM ) or Lean 

body mass was then calculated using a specific formulas and age specific constants o f  

body density. Fhe Fat Mass and percentage o f  Fat Mass (% FM) were calculated using 

standard formulas. The FFM and FM o f  boys from 9-18 months old is approxim ately 

77%  and 23%  respectively (Fomon JJ 1982)^^^ TBW %  and FFM %  are increased and 

corresponding Fat % is decreased in malnourished children. The FM % is positively 

related with nutritional status o f  the children, severely malnourished children have least 

FM%. In our study Fat %  in malnourished groups (PEM & PEM with A Rl) were found 

lower (12.77%  ± 4.32 and 11.35% ± 3.85 respectively) than welnourished groups o f  

control and ARl without malnutrition (23.10%  ± 8.31 and 22.68%  ± 7.68 respectively). 

Islam S et al found similar low Fat %  in malnourished children in Dhaka Shishu Hospital
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(Islam S 199I p *  and endeavored to classify m alnutrition on the basis o f  Fat %  in the 

body. He found 1st degree, 2nd degree and 3rd degree m alnutrition had <22.5% , < 20%  

and <13%  Fat respectively. I’hinking o f  classifying malnutrition on the basis o f  Fat 

content in the children was hypothetical but logical in the sense that store o f  fat in the 

body becom es used up first to maintain energy level and metabolic needs o f  the body 

when a child starts suffering from energy dellciency. It was therefore thought that the 

quantity and percentage o f  Fat will be proportional to the exhaustion o f  Fat store in 

different degree o f  malnutrition. The most severely affected child will have the least 

am ount o f  Fat store and so on.

3 8 2 4 9 3
No study showing zinc status in severely m alnoursihed children suffering from ARl, 

measuring both plasma/serum and hair zinc obtained at the same time in the same 

individual and in large enough numbers to be meaningful has been done so far. This 

study is therefore first o f  his kind. The reported literature on relationship o f  zinc and 

respiratory infection in children is limited. Hair zinc was found low in recurrent upper 

respiratory tract infections in Kinder gartens children in North-Rhine-W estphalia, 

Germ any (Lombeck I 1988)'^' and in Nethcrland where Van W ouwc el al (Van W ouwe 

JA 1980)^^^ have also shown reduced hair zinc level in 2 0  children with chronic 

respiratory tract infection compared with 35 control, and low serum zinc in children 

suffering from upper respiratory tract infection in study done by Bondestam et al ( 

Bondestam  M 1985)^^^. It is still unclear whether the zinc content is low because the 

children suffer from many infections or w hether they suffer from frequent infections due 

to low zinc status. Acute infections may reduce serum zinc because o f  redistribution o f  

scrum zinc but not a reduccd body zinc slatiis. However hair zinc is stable and do not 

fluctuate readily in acute stressful condition like ARl. The need to discover w hether or
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not marginal zinc deficiency contributes to disease frequency is urgent. It is tem pting to 

believe that zinc deficiency is attributable to diseases frequency particularly infectious 

diseases including ARl (pneumonia). This is more relevant as far as pneum onia in 

malnourished children is concerned. As m entioned earlier m alnourished children are 

vulnerable to have increased incidence and severity o f  A Rl including pneum onia (James 

JW  1972, Zaman K 1996)'‘’' '^  The postulated m echanism  for this effect is reduction in 

immunological capacity specially in cellular immunity which occurs in malnourished 

children (M cM urry DN 1981, Chandra RK 1991)'^'**” . The reduced immunological 

com petence in malnourished children may be attributable to zinc deficiency, because this 

is associated with impaired cellular immune status (Fraker PJ 1987)^^* and effect that 

reversed by zinc supplementation (Sazawal S 1997, Castillo-D uran C 1987, Roy SK, 

1999)121,255.277 experimental models isolated Protein energy malnutrition does not 

result in impaired cellular immunity (Good RA 1979)'^.

Impaired cell mediated immunity (CM I) in malnourished children was found to be 

associated with increased ARl incidence in a study done in Bangladesh by Zam an K et al 

(Zaman K 1996 ) '^  Zaman et al found in this study that a one unit decline in the weight 

for height Z score was associated with a 52% increase in rise o f  ARl and anergic children 

had 94%  higher risk o f  developing ALRl than im munocompetent children. The degree o f  

association persisted even after correcting age, sex, nutritional status and maternal 

education. It can be assum ed that many o f  these children's im m unodeficiencies including 

zinc are attributable to single or multiple micronutrient deficiencies including zinc 

(Neumen CG 1975)^’^  These deficiencies may lead to impaired immunity and reduced 

integrity o f  mucusal surface which may in turn increase susceptibility to infections in 

the host (M im CA 1991)^^'^. However zinc deficiency were found in studies to be
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associated with impaired cell mediated immunity in m ainourshied children. Sempertegui 

F et a! found reduced delayed type cutaneus hypersensitivity (DTH) in m ainourshied 

children with low serum zinc associated with increased respiratory sym ptoms 

(Sempertegui F 1996)^**'’. After zinc supplementation in their study children improved 

their cutaneous DTH response. Since no other diatary change were made, it is likely that 

this improved D l'H  response was infact secondary to zinc repletion. Low zinc are 

associated with ongoing sepsis in malnourished children were evidenced by increased 

Creative protein (CRP) and alfa-l acid protein in these children, which is an indirect 

measure o f  infection and inllamniation (Sempertegui F I996)‘’'‘’. W hile detection and 

treatment o f  ALRI can reduce child mortality in developing countries, additional 

preventive interventions are needed. Routine immunization for m easles and pertussis can 

play modest role and new vaccines for other infective diseases, such as pneumococcal 

pneum onia and respiratory syncilal virus infection may be very useful but 

im munocompetence by zinc supplement may be o f  particular importance, in 

decreasing incidence morbidity and mortality o f  ARI in m alnourished children.

The stress o f  infections is known to affect nutritional well-being and com prom ised 

nutrition contributes to alteration in immunological function, although precise 

mechanism involved are poorly understood (Chandra RK. 1980)“*'. There is currently a 

widely e.xpanding area ol research concerning the role o f  trace elements in immune 

function, although the focus so far has been on individual elem ents. (Underwood EJ 

1 9 7 7 ) 6 2  several investigations in animals points to the possible implication o f  zinc 

in immune deficiency status such as T-Cell defects (Gross RL 1979)^*^. Zinc appeares to 

interfare both lymphocyte and neutrophyl function (Alford RH 1970, Chvapil M

1977)283,284 Compromised immunocompetence has been found in malnutrition (Kielman
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1976)^*''' and in single micronutricnl deficiency siicii as those o f  vitamin A, zinc, folic 

acid, iron or iodine (Beisel WR 1982)^“ .̂ In regard to immunity and infectious disease 

morbidity, zinc deficiency may be particularly important. Zinc deficiency has been 

shown to be common in developing country children with high rates o f  diarrhoea and 

malnutrition (Sazawal S. 1995)“*^ Animal experiments have clearly dem onstrated that 

selective zinc deficiency results in dimunition o f  thymus size and function as well as 

impairment in T-Cell dependent immune function (Fraker PJ. 1979, Fraker PJ 

1932)-**’*-’*’̂ , Decreased immunocompetence has been shown to be a risk factor for 

diarrhoeal and respiratory morbidity and zinc supplementation has been shown to reduce 

the m orbidity.(Baqui AH 1993, Black RE 1989)^^“’̂ ^'. Golden et al found improvement 

in cell mediated immune response (CM l) to Candida antigen in m alnourished children by 

application o f 1% zinc sulphate oiiitmcnl ((ioklcii Ml IN 1978)''"'. An effect o f  zinc 

supplem entation on delayed cutaneous hypersensitivity in acroderm atities enteropathica 

and in marasmic children during rehabilitation has also been docum ented (Chandra RK 

1980 and Schlesinger L 1992)^^^’'**̂ . Zinc deficiency has been shown to be associated 

with atrophy o f  lymphoid tissue, reduced lymphocyte count and proportion o f  CD4 T- 

helper cells (Kay RG 1975, Coello-Ram irez P 1982, Luecke RM l978)“'̂ •̂̂ ■*•*'̂  ̂

Decreased lymphocyte proliferation and reduced cytotoxic activity has also been found 

in zinc deficiency status (Chandra RK 1980)"'^v All o f  these respond dramatically to 

repletion o f  zinc (Frost P, 1977)^^^.

The benellcial influence o f  zinc may be due to the correction o f  latent zinc deficiency or 

to immunostimulation o f  zinc or both. The possibility o f  an im munostim ulatory effect o f  

zinc supplem ent independent o f  zinc depletion, is suggested by several observations: in 

healthy young adults oral administration o f  zinc increases in vitro lymphocyte sub
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population in patients' with lymphoblastic Icukeniia and addition o f  zinc to drinking 

water o f  mice associated with a time and dose dependent increase in mitogen stimulation 

o f  their spleen lymphocyte in vitro (W azewska Czyzewska M. 1978)^*^’ . The observation 

o f  and increase in the number o f  circulatory T-lym phocytes especially CD4 cells, after 

zinc supplem entation may be explained by direct effect o f  zinc ion on the lymphocyte 

mem brane affecting maturation and differentiation o f  r-lym phocyte or by stimulation o f  

thym us endocrine function. There is marked atrophy o f  the thym us In children with 

protein energy malnutrition (PEM ) with defect in CM l. (Rao KMK 1979, M uger JW

1971)298,2w T-lym phocyte immaturity can be reversed within vitro incubation with 

thymulin. These changes may in fact be an effect o f  zinc deficiency . Experimental 

studies show that zinc deficiency without PEM causes profound defects in cellular 

immunity with thymic hypoplaisa (Schloen L ll I979)^‘’‘’. Recent work has made It 

apparent that thymic epithelial cells are source o f  a num ber o f  peptide and hormones 

which participate In a cascade o f  multimolecular and m ulticellular events including T 

Cell maturation (Hadden JW 1995)^‘” . Once T-Lym phocytes leave the thym us there 

differentiation and maturation is thought to be regulated by zinc thym ulin and deficiency 

o f  zinc thymulin has been associated with secondary cellular Immune deficiency and 

with immune senescence (Hadden JW 1995)"". Thus terminal deoxynucletidyl 

transferase or zlnc-thymulin have been suggested as possible mechanism  by which zinc 

may be affecting T-cell developm ent and function (Hadden JW  1995)^^'.

Studies done In various parts o f  the world found that vitamin A, particularly B Carotene, 

which has antloxident property, helps In the m anagement o f  ARl (M artin AA 1994)^*^^ 

Vitamin A have been found more useful In pneumonia associated with m easles and In 

pneumonia associated with PEM (Ferguson EL, 1993)^“ .̂ Zinc supplem entation may
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potentiate the positive effect o f  vitamin A in the managem ent o f  ARI, since for 

bioavailability and for optimum function o f  vitamin A, zinc is essential. For mobilization 

o f  vitamin A from liver to target organ, require a specific protein, called retinol binding 

protein (RBP). -Many studies have shown positive linear correlation between zinc and 

RBP (M ichaelesson C 1976)^“'*. Besides its potential to aggravate severe protein energy 

malnutrition, zinc deficiency can precipitate severe vitamin A deficiency and thereby 

m ight cause blindness by interferring with retinol binding protein (RBP) synthesis 

(Bhaskaram  P. I995)^‘’\  Bccause o f its importance in protein synthesis adequacy o f  zinc 

status particularly acquires clinical significance in population were malnutrition is wide 

spread. Plasm a vitamin A values o f  zinc deficient rats were considerably lower than in 

zinc sufficient control (Sunderesan PR 1977)^“ .̂ PEM is probably the most com m on 

cause o f  zinc deficiency in developing countries like Bangladesh.

Therefore children suffering from ARI associated with low zinc in PEM, vitamin A 

supplem entation alone, may not help in the course and outcom e o f  pneum onia as vitamin 

A even adequately present may not be bioavailable and well utilized due to inadequate 

RBP, a zinc containing protein. Therefore research involving adm inistration o f  zinc 

together with vitamin A to children suffering from ARI, in m alnourished children may 

be rewarding.

The most conspicuous biochemical role o f  zinc lies in its association with various 

enzyme. The first zinc metalloenzyme, recongnized is carbonic anhydrase (M alek MA 

1988)^^” . Reversible hydration o f  carbondioxide is catalyzed by this enzyme and is so 

essential for respiration (Malek MA 1988)^^” .

H 2 O + CO 2  H+ + HCO 3 -
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This enzyme contains one aloni o f  zinc per mole and has a molecular weight o f  30,000

w ith  some 260 aininoacids (Cohen JJ 1966)’ "**.

Prasad A.S et al found a significant positive correlation o f  carbonic anhydrase with 

erythrocyte zinc (Prasad AS 1975)'*'’. Prasad AS et al from the study suggested that 

synthesis ol spccillc carbonic anhydrase apoen/.ymc depends on the activity o f  zinc and 

this apoenzym e does not accumulate if zinc is lacking. This was consistant with their 

previous studies with respect to other zinc dependent enzyme in which they were unable 

to dem onstrate in vitro stimulation o f  enzyme activities with zinc in zinc deficient tissues 

(Prasad AS. 197!)^“*̂. The mechanism by which zinc influence specific apoenzym e 

synthesis is unclear.

Acute respiratory tract infection is characterized by fast breathing and chest indrawinng 

(W HO 1991)"'*. Therefore for increased respiratory effort during ARI(Pneum onia), 

carbonic anhydrase activity has to be increased to wash out more CO 2  during expiration 

and in fact most pneum onias are charecterized by hypoxaem ia and hypocarbia with 

respiratory alkalosis (Golden MHN 1978 and Cohen JJ 1966)'^’̂ ’’̂ '̂** and only 

occasionally severe pneumonia may be associated with hypercapnia and respiratory 

acidosis, which is type II respiratory failure and more serious condition (Richard E, 

Behrm an,et al. Nelson Text book o f  Paedictrics.1987)^’'̂ . Kawakami have found inverse 

relationship o f  activity o f  carbonic anhydrase with PCo2, that is decreased PCo2 (more 

frequently found in pneumonia) is associated with increased carbonic anhydrase level 

and viceversa (Kawakami Y et al 1978)^". Therefore in acute respiratory tract infection,

thereby in majority o f  children with pneumonia, activity o f  carbonic anhydrase has to be 

increased to wash out carbondioxide by increasing ventilatory rate. For increased 

activity o f  carbonic anhydrase, a zinc metalloenzyme, there will be increased dem and o f
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zinc. However in malnourished children there is increased likelyhood that due to low 

zinc status this demand may not be met. in fact in m alnourished animal model carbonic 

anhydrase activity was found decreased (Kirchgessner M 1975)^'^. Consequently the 

patient cannot breathout CO 2  and it accumulates in blood causing hypercapnia giving 

rise to Typell respiratory failure characterized by hypoxia and hypercapnea, which is 

more serious condition, decreases patient's ventilatory effort causing more dftlculty in 

breahing, which requires artificial ventilation by intubation and by assisted ventilation in 

intensive care unit (ICU) which is rarely available in developing countries and at the 

some time more expansive.

Therefore in severely malnourished children with zinc deficiency, ARI (Pneum onia) may 

cause respiratory insufficiency quickly due to rapid exhaustion o f  carbonic anhydrase 

which may more readily lead to respiratory failure (Type II) which is more difficult to 

manage and thereby increasing the mortality o f  m alnourished children suffering from 

pneumonia.

However, zinc supplementation in the presence o f  ongoing sepsis and in an already 

com prom ised immune system may not necessarily be beneficial. Zinc has been 

associated with impairment o f certain immune responses both in vitro (M ustafa MG 

1971, Stankova L 1997, Chvapil M animal experim ents (Chvapil M

1976)'^^ One hundred fifty milligrams elemental zinc twice a week for 6  wk given to 11 

healthy adult men was associated with reduction in lymphocyte stimulation response to 

phytohemagglutinin as well as chemotaxis and phagocytosis o f  bacteria by 

polym omphonuclear leukocytes (Chandra RK 1984)^'*. M arasm ic infants fed a zinc- 

fortified liquid diet (15 mg Zn/L) showed reduced phagocytic and fungicidal monocytic
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activity and a significantly increase number and duration o f  impetigo episodes 

(Schlesinger L 1993)^'^ Serum concentration o f  zinc decrease sharply in inflammation 

and infection and may reflect a natural protective mechanism  because lower 

concentrations o f  zinc are associated with both optimal phagocytic function and 

depressed microbial virulence (Sugarman B 1983)^"*. This decrease is accounted for 

largely by a redistribution to the liver (Powanda MC 1973, Pekarek RS 1972)^'^'^^®, 

serving to favour the immune system in the production o f  acute phase proteins and 

hem opoiesis (Chvapil M 1976)'^^ Interleukin I has been implicated in this process 

(Cousins RJ 1988, Coyle P 1993, Klasing KC 1984, M orimoto A i9 8 9 ) ''’'’-̂ *' ’-‘^ - \  Zinc 

is important for microbial virulence with near physiologic concentration o f  zinc being 

necessary for toxin production in C lostridium  perfringens (M urata R 1969)^^'' and 

Pseudom onas aeruginosa (Jeasen SE 1980)^^^ and in the adherence o f  enterobacter to 

epithelial sufrace (Sugarman li 1980)^“'’.

Serum Iron concentrations also fall during infection as a result, again, o f  redistribution to 

the liver, reticuloendothelial system, and bone marrow (Biesel WR 1976)” ’ . Early iron 

supplementation o f  children with severe protein-energy m alnutrition led to increased 

mortality (Smith IF 1989)” ^  probably because o f  increased microbial virulence and free 

radical generation.

As well as possibly having a directly detrimental effect on the immune system during 

sepsis, high-dose zinc supplementation could aggravate deficiencies o f  other m inerals by 

decreasing their intestinal absorption. Zinc inhibits copper absorption and copper 

deficiency can co-exist with severe protein-energy malnutrition (Cordano A 1964, 

Hemalatha P 1993)” ^’̂ ‘̂’. Copper deficiency is also associated with an impaired
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immune response, specifically, a reduction in the antibody response to T  cell-dependent 

antigens and a decrease in the niicrobiocidal activity o f  phagocytes (Vyas D 1983, Babu 

U 1989) ’̂ ' Metallothionein,  an intracellular polypeptide, plays an important 

regulatory role in the metabolism o f  ingested zinc and copper. It binds copper more 

avidly than zinc and, therefore, giving supplementary zinc to a m alnourished child may 

induce the synthesis o f  metallothionein and aggravate a preexisting copper deficiency. 

Zinc induced copper deficiency has been docum ented (Botash AS 1992, Sandstorm  B 

1994, Honkanen V 1991, Porter KG 1977, Prasad AS | a l t h o u g h  high 

concentrations o f  zinc for prolong periods are usually required to m anifest it. Prasad et al 

(Prasad AS 1978)’’  ̂ described how 150 mg zinc/d for 23 months precipitated severe 

copper deficiency in patients with sickle cell disease and Porter et al (Porter KG 1977)^^^ 

described how the same level o f  zinc supplementation for 13 months again precipitated 

coppcr dellcicncy . However an intake o f  18.5 mg zinc/d for just two weeks reduced 

apparent copper retention in a group o f  healthy, well-nourished men (Festa M D 1985)^^*.

In many studies (Hem alatha P 1993, Ronaghy HA 1974, Sachdev HPS 1988, Nakam ura 

T 1993, Shrivastava SP wii^rc /inc were supplem ented in 1 to 10

mg per kg per day, no side effects related to copper status were reported. M an\ studies 

including studies done by Hemaltha et al (H em ahha P 1993)” ' and W alravens et al 

(W alravens PA 1983)“^', examined biochemical m arkers o f  copper status and none 

showed an effect as measured by serum or plasma copper and ceruloplasm in 

concentrations or superoxide dismutase activity. Study done by Doherty et al (Doherty 

CP 1998)^'*^ on effect o f  zinc supplementation on severely m alnourished children, found 

neither the use o f  higher dose o f  /.iiic initially nor prolongation o f  the period o f 

supplementation resulted in a significant anthropom etric benefit in severely
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malnourished children, and in deed the higher dose was associated with increased 

morlality (Doherty CP, Sarkar MA, Shakur MS ct al .1998)^‘*\ In the study 141 children 

between the ages o f  6  months and 3 year were enrolled after adm ission to a nutritional 

rehabilitation unit in Dhaka Shishu (children) hospital, Bangladesh and randomly 

assigned to receive elemental zinc by mouth, 1.5mg per kg per day for 15 days. 6 mg per 

kg per day for 15 days and 6 mg per kg per day for 30 days and thereafter they were 

followed for a total o f  90 days. Anthropometric m easurem ents were taken and change in 

height for age, weight for age and weight for height Z scores were recorded. H igher zinc 

doses were not associated with signiilcant change in any anthropom etric m easurem ent, 

but mortality was significantly greater in children who received high dose zinc ( 6  

mg/kg/day) initially as opposed to those who received low dose zinc supplem entation 

(I.5m g/kg/day), Yates-corrected chi square p value o f  0.033 and risk ratio o f  4.53, 95% 

Cl; 1.09< risk ratio < 18.8. We therefore concluded that there is no benefit o f  using high 

dose zinc supplementation regimen and that they could contribute to increased mortality 

in severely malnourished children.

From the above mentioned studies in summary, we can conclude that zinc is necessary In 

trace am ounts for microorganisms (usually m icrom olar concentration) and in daily 

milligram oral quantities for human. Zinc is essential because it is part o f  many 

metalloenzymes that help regulate almost all aspects o f  cellular metabolism  (Riordan JF 

1976, Vallee V 1959)^''‘‘•̂ ■̂  ̂ Normally it also plays a role in m em brane stabilization and 

other cellular function (Chvapil M 1976)'‘ \  Work with zinc must be perform ed carefully 

and results may not be as precise as they first appear, because zinc is present in trace 

am ounts in many media and can bind to a variety o f  com pounds including many 

com m only used buffers (Falchuk KH 1975, Torriani A 1968, Feeney RE 1947, Collier
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1-lB 1 9 7 9 ) 3 4 6 Unfortunately this often has not been taken into account in 

reported worics. In zinc deficiency T lymphocyte function declines significantly, this 

probably occurs because nucleic acid production decreases (Farnandes G 1979, Fraker PJ

1978)'^^ '“***. Often minor alterations in immune functions may occur, but the com m only 

associated protein calorie malnutrition makes specific identification o f  zinc mediated 

defects difficult to establish. Supplementation with zinc improves T-lym phocyte function 

(Frakar PJ 1978)'''* but phagocytic cells are less active probably because the mem brane 

is stabilized (Chvapil M 1977)^^*’. Chronic /inc deficiency can also be associated with 

dysfunction o f  many organ system (l lsu J 1980)'"''. However having said that too much 

zinc can be lethal (Failla ML 1 9 7 7 f . The result was also found recently by a recently 

concluded study in Dhaka shishu Hospital, Bangladesh (Doherty C P 1998)^'*^. At zinc 

concentration close to those normally found in human serum bacteria display 

charecteristics associated with increased virulence (M urata R 1969, Sato H 1978, Soda S 

1969, Jeasen SE The requirement o f  indigeneous and infecting

microbes for zinc from mammalian hosts mas bo carefully regulated, and indiscriminate 

zinc replenishment could be associated w ith an increased incidence o f  infections. The 

association warrants more study, as does the normal functioning o f  zinc in all living 

organisms

A review o f  the literature on estimation o f  zinc in different body com partm ents in 

malnourished children and in ARl reveals conflicting results due to the rarity o f  studies 

where zinc status were assessed by determ ining zinc concentration in more than one 

com partment in children suffering from ALRl (Pneumonia). Infact no such study has 

been done on severely malnourished children suffering from ALRI. The study is unique 

in the fact that serum zinc and hair zinc sample were obtained and estimated at the same
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time for the same individuals in all four groups and in large enough num bers to be 

meaningful. Both ARl and malnourished children were found to have significantly low 

zinc status and it is least likely to be conflicting as it was found low in both serum and 

hair. Zinc status in the study was found more decreased when m alnourished children 

suffered from pneumonia. Although until now the best way to detect zinc deficiency is 

to observe the clinical response by zinc supplement under speciric conditions with 

appropriate control, in many studies it have been found that beneficial effect o f  zinc 

supplem ent are observed only when pretreatm ent value o f  zinc were found low 

(Sanstead HH 1970, Hallbook T 1972)^^ ” . Therefore, from the study result w e can 

predict that zinc supplemented malnourished children are less likely to be affected by 

pneum onia in term s o f  frequency as well as severity, thereby decreasing overall mortality 

from malnutrition and pneumonia. From the outcom e o f  the study result, interventional 

case control study with zinc supplementation may be undertaken in Bangladesh to 

observe the effect o f  zinc supplementation in reducing incidence o f  ARI in vulnerable 

and susceptible children like m alnourished children o f  Bangladesh where both ARl and 

malnutrition are major cause o f  infant mortality. Very recently Sazawal S et al in their 

study in India found that zinc supplementation reduces acute lower respiratory infections 

in infants and preschool children by 45%  and it was statistically significant (Sazawal S, 

Black RF, Jalla S et al 1998)^^^. From their study results along with previously 

docum ented effects o f  zinc on diarrhoea, immunity and growth, they have indicated that 

intervention to improve zinc intake should deserve more attention as means to improve 

child health. Such interventions might include supplem entation with zinc and possibly 

other micro-nutrients as well as dietary m odifications or fortifications o f  staple foods.
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CONCLUSION

Zinc status is low botii in severely malnourished children and in children suffering from 

pneumonia, as assessed by determining zinc concentration in serum and in hair in same 

individuals. Zinc status is further decreased when malnutrition is associated with 

pncumoniii. There remains a diagnostic dilemma o f  assessing zinc status in severely 

m alnourished children where zinc status is assessed by delerinining zinc concentration in 

single body com partment which according to previously docum ented literature review 

may be unreliable in severely malnourished children who are susceptible to various 

stressful conditions like acute infections including pneumonia, which may influence zinc 

concentration in a body compartment in various ways. The diagnostic dilem m a o f  

assessing zinc status in malnourished children and in children suffering from pneum onia 

can be removed by the studies which show decreased zinc concentration both in serum 

and hair like this study, which provides more reliable index o f  zinc status, as according 

to previous documented studies assessm ent o f  zinc status by determ ining zinc 

concentration in multiple body compartments provide better and more accurate state o f  

zinc status o f  the body. The study also revealed that children o f  lower age groups and 

female children are more vulnerable to severe malnutrition and pneumonia. Since 

previous documented studies in Bangladesh (Zaman K 1996)'^ found increased 

association o f  lower respiratory tract infection and impaired cell mediated immunity in 

malnourished children, we can expect from the study results that intervention to improve 

nutritional status and immunocompetence by zinc supplem ent will be particularly 

important, as zinc which improves cell mediated immunity is deficient in malnourished 

children. Taken into consideralion the increased frequency o f  pneum onia and 

malnutrition in developing country children, the magnitude o f  the impact could be
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substantial, if  successful interventions could be im plemented, although such 

intcrvcnlions in no way simple. Improving dietary quality, especially zinc intake in 

weaning age children deserve special attention, not only for their possible cffects in 

reducing ARl ,  but also because o f  known benefits in reducing diarrhoea, improving 

growth and enhancing development (M ora et al 1981, Hussain et al 1991)^ '̂*'^^  ̂ and 

decreasing overall high infant and child mortality in developing countries.
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Age (in month) distribution in 4 
groups
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Figure 1: Age distribution in 4 groups.
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Sex distribution in 4 groups
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Figure 2: Sex distribution in 4 groups, showing male female ratio 
approximately 1.3:1 in all groups.
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Anthropometric status in 4 groups
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Figure 3: Mean weight for age (W/A), weight for height (W/H) and 
height for age (H/A) in 4 groups; showing normal anthiromometric 
status in Group A (control) and Group B (ARI) and severely under 
weight (W/A <60% o f  NCHS median), severely wasted (W/H <70% o f  
NCHS median) and severely stunted (H/A <85% o f  NCHS median) in 
group C (PEM) and in group D (PEM + ARI).
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Figure 4 : Showing distribution o f marasmus, kwashiorkor and 
marasmic kwashiorkor in group C (PEM) and in group D (PEM with 
ARI), showing higher frequency o f  marasmus (non oedematous PEM) 
than kwashiorkor and marasmic kwashiorkor (oedematous PEM).
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Body composition Analysis in 4 groups
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Figure 5; Percentage o f total body water (%TBW), Fat free body mass 
(%FFBM), Fat mass (%FM) and % o f  body solid in 4 groups obtained 
by body composition analysis, showing decreased % Fat in 
malnourished groups (PEM & ARI with PEM) than welnourished 
group (Control and ARI without PEM).
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Figure 6; Distribution o f serum zinc concentration among four groups 
o f  children, showing significant hypozincaemia (<1 ppm) in ARI 
(n=14, 40%), PEM (n=20, 43%) and in ARI+PEM (n=18, 56%) than 
control (n=5,l3% ), p=<0.05).
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Distribution of hair zinc concentration
among four groups

Figure 7: Distribution o f  hair zinc concentration among four groups o f  
children, showing significant low hair zinc (<150 ppm) in ARI (n=16, 
46%), PEM (n=22, 47%) and in ARI with PEM (n=15, 47%), than 
control (n=8, 21%), p=<0.05.
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Relationship of serum zinc with weight
for age
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Figure 8; Relationship o f  weight for age with serum zinc showing 
strongly positive correlationship o f serum zinc with W /A (r=0.40006, 
p<0.001).
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Relationship of Hair zinc with height
for age
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Figure 9: Mean hair zinc level in children with different height for age 
showing significantly positive correlationship o f hair zinc with height 
for age (r=.314, p<0.01).
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Relationship of hair zinc with weight
for age
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Figure 10: Relationship o f weight for age with hair zinc, showing 
significant positive correlationship o f  weight for age with hair zinc 
(r=.2887, p<0.01).
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Relationship of serum zinc
concentration with height for age
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Figure 11: Mean serum zinc level in children with different Height for 
age, showing significantly positive correlationship (r=.2991, p<0.043) 
o f  H/A with serum zinc.
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Correlation of hair zinc with age in 
months

Age in month

Figure 12: Correlation o f hair zinc and age in months showing 
significantly positive correlationship (r=0.3821, p<0.01) o f  hair zinc 
with increasing age in months.
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60%  were m arasmus and remaining 29 (17 in group C and 12 in group 

D i.e. < 40%  were kwashiorkor and m arasmic kw ashiorkor (oedem atous 

malnutrition)

Body Composition analysis o f  PEM showing decreased %  FAT and 

increased % TBW  and % FFBM

Body Com position o f  PEM + ARl ,  showing decreased %  FAT and 

increased % TBW  and % FFBM

Body Com position analysis o f  Control(w elnourished), showing normal 

%  FAT and normal % TBW  and % FFBM
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Tablc-XI

Table-X Il

T able-X lll

Table-X lV

Table-XV

Table-XVI

Table-X V ll

Table-X V llI

Table-X lX

Table-XX

Table-XXl

Body Conipositit)ii ol' ARl (willunit nialiuitrition) showing normal % 

FAT and normal % TBW and %  I'FBM , which are ahnost sim ilar to 

body composition o f  welnourished control

Serum zinc in ppm

Hair Zinc in ppm

Statistical analysis, using multivariate logistic relation model (logistic 

procedure) in PEM, ARI & PEM + ARl response profile using serum 

zinc , age and sex as variable, showing significantly negative 

association ol"scrum zinc with PEM, ARl and ARl with PEM

Statistical analysis using multivariate logistic relation model in PEM, 

ARl and ARl with PEM response profile, using hair zinc, age and sex 

as variables showing negative association o f  hair zinc (statistically not 

significant) with PEM, ARl and ARl with PEM

Statistical analysis using m ultivariate logistic relation model In PEM. 

ARl and ARl with PEM response profile, using serum zinc, hair zinc, 

age and sex as variables showing significantly negative association o f  

serum zinc with PEM and ARl with PEM and negative association 

(statistically not significant) o f  hair zinc with PEM, ARl and ARI with 

PEM

Correlation o f  serum & hair zinc with various anthropom etric 

measurement

Correlation o f  serum and hair zinc with age and with each other

Zinc status in various types o f  PEM (combined PEM and ARI with 

PEM)

Serum protein and haemoglobin (Hb) in two m alnourished (PEM  and 

PEM +ARI) groups.

Correlation o f  Serum and Hair Zinc with Serum Proteins and 

Haemoglobin
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Table -  V
Age (in month) and Sex distribution in 4 groups, showing welmatched male and 

female ratio of approximately 1:3 in all groups.

Group A Group B Group C Group D
(Control) (ARI) (PEM) (ARI + PEM)

n = 38 n = 35 n = 47 n = 32
Age 32±6.52 28±6.54 25±5.62 22±4.25
Sex
Male 22 20 27 18
Female 16 15 20 14
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Table -  VI
Anthropometric status showing mean weight for age (W/A), weight for height 
(W/H) and height for age (H/A) in 4 groups, showing normal anthropometric status 
in Group A(Control) and Group B (ARI) and severely under weight (W/A <60% of  
NCHS median), severely wasted (W/A <70% of NCHS median) and severely 
stunted (H/A <85% of NCHS median) in Group C (PEM) and in Group D (PEM & 
ARI)

Weight for age Weight for height Height for age

Gr. A (Control) 102.64±10.54 94.4218.35 96.3819.90

Gr. B (ARI) 92.63±8.62 89.5218.29 92.3519.35

Gr. C (PEM) 48.12112.20 69.5418.23 75.9418.04

Gr. D (ARI+PEM) 47.63±10.42 69.4518.10 77.0217.82
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Y

Table VII
Distribution of marasmus, kwashiorkor and marasmic kwashiorkor in group C«&D, 
showing out of 79 severely malnourished children (47 in group C and 32 in group 
D), SO (30 in group C and 20 in group D) i.e. > 60% were marasmus and remaining 
29 (17 in group C and 12 in group D i.e. < 40% were kwashiorkor and marasmic 
kwashiorkor (oedematous malnutrition).

Group C (PEM) Group D( PEM + ARI)
N= 47 n=32

M arasmus 30 20

Kwashiorkor 6 3

M arasm us Kwashiorkor 11 9
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Tabic V Ill
Body Composition analysis of PEM showing decreased % FAT and increased %

TBW and % FFBM.

% TBW %FFBM %FAT “/oBody
Solid

BMI Impedence

67.17±4.32 87.23±8.72 12.77±4.32 32.23±5.62 13.111.88 8441168

Table IX
Body Composition of PEM + ARl, showing decreased % FAT and increased %

TBW and % FFBM

% TBW %FFBM %FAT %Body
Solid

BMI Impedence

67.7014.48 88.3517.81 11.3513.85 32.3014.84 12.211.72 8961138
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Body Composition analysis of Control(wclnourished), showing normal % FAT and
normal % TBW and % FFBM.

Tahle X

% TBW %FFBM %FAT %Body
Solid

BM l Impedence

60.83±3.56 76.85±8.29 23.10±8.31 39.17±3.38 19.8±1.80 802±141

Table XI
Body Composition of ARI (without malnutrition) showing normal % FAT 

and normal % TBW and % FFBM, which are almost similar to body 
composition of welnourished control.

% TBW %FFBM %FAT %Body
Solid

BMI Impedence

62.22±4.56 77.32±7.31 22.68±7.68 37.78±4.42 15.18±1.70 779±132
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Table -  X ll
Serum zinc in ppm

Serum Zinc in ppm Serum Zinc (<1 ppm)
Gr. A (Control) n=38 1.76±.98 5(1 3 % )
Gr. B (ARI) n=35 1.26±.60 14 (40% )
Gr. C (PEM ) n=47 1.31±0.55 20 (43% )
Gr. D (ARI + PEM) n=32 0.9010.51 18(56% )
p<0.05 Between A & B, C & D, 
p<().05 Between C & D

Duncan M ultiple Range Test (D M RT)

4, 95% Cl o f  OR (1.81, p<0.05
18.896)

5, 95% Cl o f  OR (1.132, p<0.05
21.284)

6, 95% Cl o f  OR (1.83, p<0.05
19.628)

2 , 95% Cl o f  OR (1.650, p<0.05
4.578)

OR = Odds ratio
Cl = Confidence interval.
To convert ppm to |.igm/dl multiply by 100 i.e. 1.76 ppm = 17.60 ^igm/dl 
To convert ppm to |.miol/l multiply by 15.3 i.e. 1.76 ppm = 26.92 f.miol/1
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T a b le -X I I I
Hair Zinc in ppm

H air Z inc in H a ir  Z inc (<150 ppm )
Gr. A (Control) n=38 249 ± 154 8 (2 1 % )
Gr. B (ARI) n=35 158 ± 4 8 16(46% )
Gr. C (PEM ) n=47 174 ± 7 5 22 (47% )
Gr. D (ARI + PEM) n=32 177 ± 7 0 15(47% )

p<0.05 Between A & B, C & D T iikey 's and DM RT
O R between A & B 3, 
O R between A & C 3, 
O R between A & D 3,

95% Cl o f  OR (1.457, 10.044) 
95% Cl o fO R  (1.119, 8.32) 
95% Cl o f  OR (1.013, 15.04)

p<0.05
p<0.05
p<0.05
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S ta tis tica l analysis, using m ultivaria te  logistic re la tion  m odel (logistic p ro ced u re ) in 
P E M , A R I &  P E M  + A R I response proflle using se ru m  zinc , age an d  sex as 
v a riab le , show ing significantly  negative associa tion  o f se ru m  zinc w ith  P E M , A R I 
an d  A R I w ith  PE M .

Table XIV

Seriim zinc, age, sex
l»KM (p=0.00()l) A R l(p = 0 ,0 0 0 1 ) AR1 + 

PEM (p=0.0010)
Serum Zinc PE= -2.933 

(p=0.0016)**
PE= -3.6640 
(p=0.0139)*

PE -3 .6 9 4  
(p=0.0034)*

Age in month PE= -0.127 
(p=0.0026)*

PE= -0.1935 
(p=0.05)*

PE= -0.1695 
(p=0.0041)*

Sex P E = -1.931 
(p=0.054)

P E = -1.0671 
(p=0.434)

P E = -1.4770 
(p=0.2944)

* Significant
PE= Parameter Estimate
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Table XV
S ta tis tica l analysis using m u ltiv aria te  logistic re la tion  m odel in P E M , A R I an d  A R I 
w ith  P E M  response profile, using h a ir  zinc, age an d  sex as v ariab les  show ing 
negative association o f h a ir  /.inc (statistically  not sign ifican t) w ith  P E M , A R I and  
A K l w ith  PE M .

P E M  (p=0.0020) A R I (p=0.0001) A R I + 
PE M (p=0.0010)

Hair Zinc PE= -0.00606 
(p=0.1282)

PE= -0.00328 
(p=0.8845)

PE= -0 .00357  
(p=0.4471)

Age in month PE= -0.0569 
(p=0.022)*

PH= -0.3919 
(p=00406)*

PE= -0.0937 
(p=0.0040)*

Sex P E = -1.4505 
(p=0.0740)

PE= -0.9117 
(p=0.6428)

P E = -1.2599 
(p=0.226)
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T ab le  XVI
S ta tistica l analysis using m u ltiv aria te  logistic re la tio n  m odel in P E M , A R I an d  A R I 
w ith  PE M  response profile, using serum  zinc, h a ir  zinc, age an d  sex as v ariab les  
show ing significantly  negative association o f seru m  zinc w ith  P E M  an d  A R I w ith  
P E M  an d  negative association (statistically  no t sign ifican t) o f  h a ir  zinc w ith  P E M , 
A R I an d  A R I w ith  PE M .

P E M  (p=0.0001) A R I (p=O.OOOI) A R I + P E M  
(p=0.0010)

Serum Zinc PE-3.5411
(p=0.0020)*

PE-5.4503
(p=0.247)

PE-4.6579
(p=0.0138)*

Hair Zinc PE-0.0142
(p=0.08660)

PE-0.0423
(p=0.2741)

PE-0.021
(pO.3349)

Age in month PE-0.1109
(p=0.0085)*

PE-0.4240
(p=0.0482)*

PE-0.1654
(p=0.0346)*

Sex PE -1.8008 
(p=0.0782)

PE-3.0854
(p=0.2173)

PE-0.9346
(p=0.6045)
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T a b le -X V I I
Correlation o f serum & hair zinc with various anthropom etric measurement:

W eight fo r age H eight fo r age W eigh t fo r  height
Serum zinc r =.40006 

(P<.001)***
r= .2991

(P=0.043)*
r =.0090 

(P=.95) NS
Hair zinc r = 2887 

(P<.01)**
r= .3 1 4

(P<0.01)**
r= -.1328  

(P>0.5) NS

* Significant 
NS = Not significant

Table -  XVIII

C o rre la tio n  o f seru m  and  h a ir  zinc w ith  age an d  w ith  each  o th e r

Correlation o f  serum zinc with age in month r = -0.0575 (P= .71)N S
Correlation o f  hair zinc with age in month r = 0.3821 (P<.001)*
Correlation o f  serum zinc with hair zinc r = -0.0925 (P>0.05) NS

* Significant
N S =Not significant
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Table -  XIX

Z inc s ta tu s  in v ario u s  types o f P E M  (com bined P E M  an d  A R I w ith  P E M )

N
(n =  79)

H a ir  Z inc in ppm  
(174±25)

S. Z inc in ppm  
1.18±.62)

M arasm us 50 168±25 1.16±.50
Kwashiorkor 9 184±32 1.64±.72
M arasmic
kwashiorkor

20 172±13 0.871.04

Table XX

S erum  p ro te in s and  haem oglobin (H b) in tw o m aln o u rish ed  (P E M  & P E M  + A R I) 
g ro u p s

Serum Protein and Hb 
concentration

PEM PEM + ARI

Serum total protein (gm/dl) 4.4110.64 4.2810.53
Serum total albumin 1.9010.37 1.7810.42
Serum total globulin 2.4710.56 2.5010.28
Haem oglobin (gm/dl) 6.0211.15 6.7811.20
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Table XXI
Correlation o f Serum and Hair Zinc with Serum Proteins and Haem oglobin

STP S.A lbum in S.G Iobulin H b
Serum Zinc r=-.0248

(p=0.S76)
r=-0.209

(p=0.8S9)
r=-.1092

(p=0.465)
r=-.0266

(p=0.859)
Hair Zinc r=0.2769

(p=0.076)
r=0.2667

(p=0.008)*
r=0.1353
(p=0.393)

r=0.0728
(p=0647)

Correlation o f  Serum Total Protein with Hb ; r = 0.4699 (p= .001 )*
Correlation o f  Serum Albumin with Hb 
Correlation o f  Serum Globulin with Hb

: r  = 0 .3336(p= .002)*  
: r = 0.2908 (p=.056)
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