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ABSTRACT 

 
Nutrition is an important factor that influences immunity, and nutritional 

deficiencies can impair resistance to infections. Malnutrition is the most common cause 
of immunodeficiency worldwide. Trace elements such as zinc, selenium, iron, and 
copper can influence several components of immunity. Primary antibody deficiency 
disorders are a group of disorders characterized by an unusual susceptibility to 
infections and malnutrition. Impaired nutritional status has been reported in 
immunodeficient patients. The aim of this study was to determine anthropometric 
indices and trace elements status in these patients. Thirty-eight children (28 males, 10 
females, aged 2-18 years)  with primary antibody deficiency referring to Children’s 
Medical Center of Tehran University of Medical Science were enrolled in this 
research. Primary immunodeficiency disorders consisting of CVID, XLA, IgA 
deficiency, IgG subclass deficiency, and hyper IgM were assessed. Anthropometric 
indices, comprised of height, weight that were measured and body mass index (BMI) 
was calculated. Height-for-age (HAZ), weight-for-height (WHZ) and weight-for-age 
(WAZ) were determined according to Z-score to study mild, moderate and severe 
malnutrition. Serum copper, zinc, selenium and iron levels were measured by an 
atomic absorption spectrometer. The most common disorders were CVID 52.5% and 
X-linked agammaglobulinaemia 27.5%. Based on BMI measurements 21.1% of patients 
had malnutrition. According to HAZ, 13.2%, 13.2% and 36.8% had severe, moderate 
and mild malnutrition, respectively. According to WAZ, 10.5%, 18.4% and 28.6% had 
severe, moderate and mild malnutrition, respectively. Regarding to WHZ, 14.3% and 
28.6% had moderate and mild malnutrition, respectively. Low selenium levels and high 
copper levels were observed  in 37.5% and 70.3%, respectively. Anthropometric data 
showed that the frequency of malnutrition in these patients was higher than the CDC 
standard. Low serum selenium levels and high serum copper levels were observed, 
suggesting further research is needed on these parameters. Most of the patients had 
serum zinc and iron levels within the normal range. It is recommeded that clinical 
immunologists and nutritionists should make a collective effort to provide these 
patients with standard or specialized diets so as to decrease the risk of infection. 
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INTRODUCTION 
 
The importance of proper nutrition for sound 

health has been long appreciated in most societies.1 
Nutrition is an important factor that influences host 
defense against infection.2 Nutrient deficiency can 
impair resistance to infections. Infections also have 
adverse effects on nutritional status. The significance 
of these effects depends on the previous nutritional 
status of the individual, the nature and duration of the 
infection and the diet during the recovery period.3 In 
1968, for the first time WHO’s monograph, entitled 
Interactions of Nutrition and Infection, suggested that 
the relation between infection and malnutrition was 
synergistic.4 

The relationship between nutritional status and the 
immune system was a topic of study for much of the 
20th century.5 Nutrition is a critical determinant of 
immune responses, and malnutrition is the most 
common cause of immunodeficiency worldwide. 
Protein-energy malnutrition (PEM) is associated with 
a significant impairment of immune system. 
Deficiency of single nutrient also results in altered 
immune responses. Of the micronutrients, zinc; 
selenium; iron; copper; and vitamins have important 
influences on immune responses.6,7 

Primary immunodeficiency disorders are a group 
of diseases characterized by an unusual susceptibility 
to infections.8,9 Antibodies have a crucial role in 
protecting against infections, and antibody deficien-
cies are the most common primary and secondary 
immunodeficiencies. Antibody deficiencies may be 
the only abnormality present in a patient, or they may 
be present and aggravate the symptoms of other 
conditions.10 Patients with primary disorders of B 
lymphocytes and immunoglobulins usually display an 
increased susceptibility to bacterial infections; 
moreover, atopic, autoimmune and malignant 
disorders are also more common in these patients.11,12 
Most patients are recognized by the recurrent 
infections with high-grade extracellular encapsulated 
bacterial pathogens.13 Consequently, these patients are 
susceptible to infections and malnutrition. 

Impaired nutritional status has been reported in 
common variable immunodeficiency (CVID) patients, 
and anthropometric measurements have revealed an 
increased rate of malnutrition in CVID patients. In 
these patients, infections, persistent diarrhoea and 
malabsorption may result in malnutrition, which may 

in turn contribute to increased morbidity.14 Micro-
nutients disturbances have also been observed in these 
patients.15 

Anthropometrics indices, comprised of weight; 
height; body mass index (BMI); height-for-age 
(HAZ); weight-for-height (WHZ); and weight-for-age 
(WAZ) are important indicators of development and 
nutritional inadequacy in children and adolescents 
can, also, have a great impact on the prevalence of 
malnutrition.  

The aim of this study was to determine the 
frequency of malnutrition, anthropometric indices and 
serum levels of selenium, zinc, copper and iron in 
Iranian patients with primary antibody deficiencies. 

 
 

MATERIALS AND METHODS 
 
Thirty-eight patients (28 males, 10 females, aged 

2-18 years) with definite diagnosis of primary 
antibody deficiency were enrolled in this study. The 
diagnosis of patients  was made by the standard 
criteria of The World Health Organization.8-16 The 
patients routinely underwent IVIG therapy at the 
Children’s Medical Center of Tehran University of 
Medical Sciences. This study was approved by the 
Research Committee of Tehran University. All the 
patients were studied in the morning before the IVIG 
infusion. Questionnaires were filled by the patients 
or/and with their parents’ help. All the patients who 
referring to Children Medical Center during one-year 
period (2003-2004) and who had the inclusion criteria 
were enrolled, and patients with liver or renal failure, 
malabsorption, chronic diarrhoea, malignancy and 
mineral or vitamin usage were excluded. The patients 
underwent anthropometrc assessment. Standing height 
was measured with a meter stick installed on the wall 
and a set-square. In the standard manner, the child 
stood in stockings feet with feet together and back and 
heels against an upright wall. The children’s weights 
were taken wearing no shoes and a layer of indoor 
clothing, and the weights of clothing was estimated to 
correct the measurement. Then the body mass index. 
[BMI: BW (kg)/ height2 (m2)] was calculated, and 
BMI percentile was used according  to the CDC 2000 
age and sex percentiles (Center for Disease Control).17 
Having a BMI less than 5th, 5-85th, 85-95th and 
above 95th percentile were considered as under-
weight, normal, overweight and obese, respectively.  
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The children’s weight and height were compared 
against weight-for-age (WA), height-for-age (HA) 
and weight-for-height (WH) CDC 2000 Z-Scores to 
show present, past and past-present malnutrition. 
Mild, moderate and severe cases of malnutrition were 
determined according to Z-Score (Z<-3 severe 
malnutition, -3<Z<-2 moderate malnutition, -2< Z<-1 
mild malnutition and -1<Z<+1 normal, respectively).18 

 Low weight-for-age index identifies the condition 
of being underweight and reflects both past- present 
or chronic-acute undernutrition.Low height-for-age 
index identifies past undernutrition or chronic 
malnutrition or stunting. Low weight-for-height helps 
to identify children suffering from current or acute 
undernutrition or wasting. 

Blood samples were collected in fasting state at 7-
9 A.M. for the evaluation of serum micronutrients 
(including zinc, iron, selenium and copper), and the 
results were compared with standards. Normal ranges 
of micronutrients were considered 70-150mg/dl (<70 
low, >150 high) for zinc; 50-175 µg/dl (<50 low, 
>175 high) for iron; 80-150 µg/dl (1-9 years) (<80 
low, >150 high); 80-121 µg/dl (10-14years) (<80 low, 
>121 high); and 64-160 µg/dl (15-19 years) (<64 low, 
>160 high) for copper.19,20 Normal serum selenium 
levels were evaluated according to a pilot study 
performed in 60 Iranian normal children and were 
considered 80-160 ng/ml. Serum trace elements levels  

 

were established by atomic absorption spectrophoto-
metry. 

Statistical evaluation was performed by Spss 10 
software. The results were analysis by Chi-sqaure and 
P.value <0.05 was significant 
 

RESULTS 
 

Thirty-eight patients with primary antibody 
deficiency were studied. The most common disorders 
were CVID 52.5%, X-linked aggamaglobulinaemia 
(XLA) 27.5%, IgA deficiency 7.5%, IgG subclass 
deficiency 7.5%, and Hyper IgM 5%, respectively. 
 
Body Mass Index (BMI) 

The frequencies of underweight, normal, over-
weight and obesity according to BMI percentiles are 
shown in table 1. There were no significant 
differences between both sexes (P=0.221). 

There was a significant difference between the 
malnourished patients and the CDC standard 
(P=0.01). 
 
Height-for-Age Z-Score (HAZ) 

The frequencies of severe, moderate and mild 
malnutrition and normal dietary status according to 
HAZ are shown in table 2. There were no significant 
differences between both sexes (P=0.201). 
 
 

Table 1. Children’s nutritional status according to Body Mass Index (BMI). 

Male Female Total 
Body Mass Index 

Number Percent Number Percent Number Percent 
BMI <5 (under weight) 6 21.4 2 20.0 8 21.1 
BMI 5-85 (normal) 20 71.4 6 60.0 26 68.4 
BMI 85-95 (over weight) 1 3.6 2 20.0 3 7.9 
BMI >95 (obese) 1 3.6 0 0.0 1 2.6 
Total 28 100.0 10 100.0 38 100.0 
No significant differences between boys and girls (P=0.221)  

 
Table 2. Children’s nutritional status according to Height-for-Age Z-Score (HAZ). 

Male Female Total 
Nutritional Status 

Number Percent Number Percent Number Percent 
Severe malnutition (HAZ<-3) 3 10.7 2 20.0 5 13.2 
Moderate malnutition (-3<HAZ<-2) 2 7.1 3 30.0 5 13.2 
Mild malnutition (-2<HAZ<-1) 12 42.9 2 20.0 14 36.8 
Normal (-1<HAZ<+1) 11 39.3 3 30.0 14 36.8 
Total 28 100.0 10 100.0 38 100.0 

No significant differences between boys and girls (P=0.201) 
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Table 3. Children’s nutritional status according to Weight-for-Age Z-Score (WAZ). 

Male Female Total 
Nutritional Status 

Number Percent Number Percent Number Percent 
Severe malnutition (WAZ<-3) 3 10.7 1 10.0 4 10.5 
Moderate malnutition (-3<WAZ<-2) 5 17.9 2 20.0 7 18.4 
Mild malnutition (-2<WAZ<-1) 8 28.6 0 0.0 8 28.6 
Normal (-1<WAZ<+1) 12 42.9 7 70.0 19 50.0 
Total 28 100.0 10 100.0 38 100.0 
No significant differences between boys and girls (P=0.201) 
 

     Table 4. Children’s nutritional status according to Weight-for-Height Z-Score (WHZ). 

Male Female Total 
Nutritional Status 

Number Percent Number Percent Number Percent 
Severe malnutition (WHZ<-3) 0 0.0 0 0.0 0 0.0 
Moderate malnutition (-3<WHZ<-2) 1 9.1 1 3.33 2 14.3 
Mild malnutition (-2<WHZ<-1) 3 27.3 1 3.33 4 28.6 
Normal (-1<WHZ<+1) 5 45.5 1 3.33 6 42.9 
Overweight  2 18.2 0 0.0 2 14.3 
No significant differences between boys and girls (P=0.653) 
 

       Table 5. Micronutrients’ status in patients with primary antibody deficiency. 

Low Normal High Micronutrients Status 
Number Percent Number Percent Number Percent 

Zinc 2 5.3 33 86.8 3 7.9 
Iron 0 0.0 30 85.7 5 14.3 
Selenium  15 37.5 25 62.5 0 0.0 
Copper 1 2.7 10 27.0 26 70.3 
**Normal ranges of micronutrients were considered 70-150mg/dl (<70 low, >150 high) for zinc; 50-175 µg/dl (<50 low, >175 high) for iron; 
80-150 µg/dl (1-9 years) (<80 low, >150 high); 80-121 µg/dl (10-14 years) (<80 low, >121 high ); and 64-160 µg/dl (15-19 years) (<64 low, 
>160 high) for copper.18,19  

 
Weight-for-Age Z-Score (WAZ) 

The frequencies of severe, moderate and mild 
malnutrition and normal according to WAZ are 
demonstrated in table 3. There were no significant 
differences between both sexes (P=0.265). 
 
Weight-for-Height Z-Score (WHZ) 

The frequencies of severe, moderate and mild 
malnutrition and normal dietary status according to 
WHZ are shown in table 4. There were no significant 
differences between both sexes (P=0.653). 
 
Micronutrients’ Status 

Table 5 shows the serum status of zinc, iron, 
selenium and copper in these patients.The results 
showed that 70.3% of the patients had high serum 
levels of copper and that 37.5% of the patients had 

low selenium levels. Most of the patients had serum 
zinc and iron levls within the normal range. 

 
DISCUSSION 

 
Primary hypogammaglobulinemia disorders are 

characterized by low levels of serum immunoglo-
bulin, and such patients are susceptible to recurrent 
infections and prone to secondary malnutrition. These 
patients often present with frequent and severe 
episodes of infections before diagnosis.14,21 The 
standard treatment, intravenous immunoglobulin 
(IVIG) has been available for the past 20 years.22 The 
presence of recurrent infections is known to be 
associated with a series of metabolic events leading to 
a state of negative nitrogen balance and significant 
loss of lean body mass with nutritional imbalance. 
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Increased energy expenditure and increased loss of 
nutrients secondary to diarrhoea and/or malabsorption 
further contribute to the nutritional wasting observed 
in children with chronic infections.23 

To the best of our knowledge, this is the first study 
investigating the prevalence of malnutrtion in patients 
with primary antibody deficiency. There is little data 
on the nutritional status in this heterogeneous group of 
immunodeficient patients. Recently, Aukrust et al. 
reported decreased vitamin A levels in CVID 
patients.24 Also, Muscaritoli et al. reported high 
prevalence of protein-energy malnutrition (PEM) in 
CVID patients and assessed the prevalence of PEM by 
means of anthropometric parameters.14 Other reports 
have shown that duodenal villous atrophy was very 
frequent in symptomatic CVID patients with relevant 
clinical and immunological implications. Specifically, 
this histological alteration is significantly associated 
with anemia, malnutrition and low blood CD4+ 
lymphocyte levels.25 

In this research, the most prevalent disorders were 
CVID and XLA, which were also reported in previous 
studies.21 

Anthropometric measurments are a simple and 
reliable method to assess the nutritonal status in 
children. In this study, 38 primary humoral immuno-
deficient patients were investigated for anthropo-
metric indices and serum micronutients. 
 
BMI Assessment 

Seventy-five percent of the patients were male. 
According to BMI, under weight, overweight and 
obesity were observed in 21.1%, 7.9%, and 2.6% of 
the patients, and BMI showed no significant 
differences between males and females (P=0.779). 
About 21.1% of the patients had malnutrition, 
although only 5% of the population was expected to 
have malnutrition according to the CDC standard. As 
a result, the frequency of malnutrition was four times 
higher than that in normal subjects based on the CDC 
standard. Also, there was a significant differences 
between the malnourished patients and the CDC 
standard (P=0.01). In the Muscaritoli Study, BMI 
values < 18.5 were reported in 23% of adult CVID 
patients.14 The prevalence of highly underweight 
(BMI<15) and underweight (BMI=15-19.9) in high-
school girls in Kerman, Iran was reported 1.6% and 
54.6%, respectively.26 BMI was considered as a 
predictor in AIDS, and serial measurements of BMI 

was considered as a predictor in the development of 
AIDS. Higher BMI and increases in BMI are 
associated with a decreased risk of HIV progression. 
It has been reported that increases in BMI are 
associated with slight increases in CD4 cell counts in 
HIV infected patients.27,28 

 
Z-Score  

Z-scores for weight-for-age, height-for-age and 
weight-for-height were calculated with The US 
National Center for Health Statistics’ reference data 
as standards. According to the height-for-age criteria, 
63.2 % of the patients were malnourished, and 26.4% 
had severe + moderate malnutrition  or stunting or 
past malnutrition. 

According to the weight-for-age criteria, 57.5 % of 
the patients had malnutrtion, and 28.9% had severe + 
moderate malnutrition or underweight or past-present 
malnutrition.  

According to the weight-for-height criteria, 42.9% 
of the patients had malnutrtion or wasting or present 
malnutrition; and 14.3% and 28.6% had moderate and 
mild malnutrition, respectively. The above-mentioned 
criteria also showed wasting or past-present 
malnutrition. The frequency of stunting and under-
weight were higher than that of wasting. Overweight 
was not observed in these patients on the basis of 
these criteria. Severe and moderate cases of stunting 
were more frequent in females, while mild stunting 
was more frequent in males. Severe and moderate 
cases of under weight were more common in males, 
and moderate under weight was also more frequent in 
males. Mild and moderate cases of wasting were more 
frequent in females. No significant differences were 
observed in the indicators between both sexs.  

Phimmasone et al, reported that girls were less 
malnourished than boys, albeit not significantly.29 

Sexual discrimination, socioeconomic conditions, 
parents’ education, parents’ nutritional knowledge and 
cultural differences may affect on nutritinal status in 
both sexes. In this research, however, low number, 
specially in females, may have affected the results.  

According to a 1995 survey in Iran (ANIS Study), 
the prevalences of moderate + severe underweight, 
stunting and wasting in under five-year-old children 
were 15.7%, 18.9%, and 6.6%, respectively, which 
decreased to 10.9%, 15.9%, and 4.9% by 1997, 
whereas the prevalence of overweight was 4.3%.30 
Malnutrition was more frequent in the subjects of the 
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present study than that in the  Iranian children 
discussed in the ANIS Study. 

Anthropometric data showed that malnutrition  
was more frequent in these patients compared to CDC 
standard, which may be due to recurrent infections or 
inappropriate diets. 
 
Micronutrients 

Almost all nutrients in the diet play a crucial role 
in maintaining an "optimal" immune response, and 
both insufficient and excessive intakes can have 
negative consequences on the immune status and thus 
increase susceptibility to a variety of pathogens.31 

In this study, low serum selenium levels were 
observed in 37.5% of the primary antibody deficient 
patients. There is no study on the serum selenium 
levels in primary antibody deficiency to compare with 
the present study, but selenium deficiency has been 
reported in many diseases such as Kashin-Beck 
disease, infertility, AIDS, thyroid diseases, mood 
disorders, cancers,32-35 An important role for selenium 
in human immunodeficiency virus (HIV) disease has 
been suggested. Decreased selenium levels, as found 
in persons with HIV infection or AIDS, are sensitive 
markers of disease progression. Selenium deficiency, 
an independent predictor of mortality in both HIV-1-
infected adults and children, is an essential micro-
nutrient that is associated with an improvement of T- 
cell function and reduced apoptosis in animal models. 
In addition, adequate selenium may enhance 
resistance to infections through modulation of 
interleukin (IL) production and subsequently the 
Th1/Th2 response.36 

Increased serum copper levels were observed in 
71.3% of the patients. Increased serum copper levels 
were reported in CVID.15 Bacterial infection has 
consistently been demonstrated to alter plasma levels 
of various trace elements. The alternation of trace 
elements is postulated to be an integral mechanism in 
the host response to infection. Copper deficiency 
produces impairment in various immunologic 
parameters, as well as an increased susceptibility to 
infection. In addition, increased copper has an 
inhibitory effect on bacterial growth. Copper is an 
acute phase response protein, a primary host defense 
mechanism composed of immunologic, endocrine, 
neurologic, metabolic, and behavioral modifications.37 
During the inflammatory process, a reduced serum 
zinc level is accompanied by an increase in serum 

copper, and a decrease in serum iron levels.21 These 
changes are influenced by interleukin-1,38 tumor 
necrosis factor-α,39 ACTH and glucpcorticoids.40 

Most of the patients had normal serum levels of 
iron and zinc in this research, but low serum zinc and 
iron were observed in the Litzman et al. study in 
CVID. Malabsorption of zinc and iron in inflamm-
atory processes have been described as an explanation 
for decreased serum zinc and iron levels in CVID 
patients.15 In the present study, the patients with 
malabosption according to history and clinical 
evidence were excluded. Alteration in iron meta-
bolism is one of the proposed mechanisms underlying 
the anaemia, inflammation and chronic diseases, the 
most common disorder in hospitalized patients. Iron 
metabolism parameters in inflammatory diseases are 
characterized by a blockage of tissue iron release, 
decreased serum iron and total iron binding capacity 
and an elevated serum ferritin level, reflecting 
augmented ferritin synthesis as part of the acute-phase 
response.41 

Anthropometric data show that malnutrition is 
common in primary antibody deficiency patients. In 
order to provide a standard diet and decrease the risk 
of infection, concerted collaboration of clinical 
immunologists and nutritionists is strongly 
recommended. Furthermore, raising the educational 
levels and nutritional awareness of patients and their 
families, improving their socioeconomic conditions, 
organizing protection committees and providing better 
micronutrient supplementation and immediate 
treatment of infections seem advisable. 
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