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Abstract
Micronutrient deficiencies and depression are prevalent issues among 
older adults. The purpose of this study was to investigate the connection 
between depressive symptoms and micronutrient status in the Zanzibar 
population. A total of 245 respondents from Zanzibar’s urban municipality 
were randomly selected. The Geriatric Depression Scale Short Form was 
used to determine depression levels. In contrast, plasma levels of zinc and 
vitamin C were assessed via an Atomic Absorption Spectrophotometer 
and a UV/Vis/IR spectrophotometer, respectively. Data analysis included 
univariate, bivariate, and multivariate (using modified Poisson regression) 
methods. Depression prevalence was 32.65%, with zinc deficiency at 
78.37% and vitamin C deficiency at 28.98%. A significant association 
was found between low zinc levels and depression (APR = 6.931, p = 
0.0019), no association was noted for vitamin C. Additional factors linked 
to depression included low education, adverse life events, and moderate 
social support. This study highlights the importance of zinc in mental 
health among older adults in Zanzibar, underscoring the need for cohort 
and clinical trial research.
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Nm	 Nanometer
P	 P-value
PPM	 Parts Per Million
RPM	 Revolution Per Minute
SUA	 Sokoine University of Agriculture
UV/Vis/IR spectrophotometer	 Ultra Violet/Visible/Infra-Red spectrophotometer

Introduction
Micronutrients play a vital role in maintaining 
normal physiological and psychological functions, 
particularly among older adults. The impact of 
nutritional status on psychological conditions such 
as depression is commonly observed in the elderly 
population. Several studies have demonstrated 
strong associations between depression and 
micronutrients, particularly zinc and vitamins.1,2 
Depression remains a major global public health 
issue, with reported prevalence among older 
adults ranging from 5.37% to 56%, reflecting wide 
regional and population differences.3 In Tanzania, 
micronutrient deficiencies and depressive symptoms 
constitute significant public health challenges, 
especially among vulnerable populations such as 
the elderly. It is estimated that 21.2% of the aged 
population in Tanzania suffers from depression.4 
Previous studies in the country have shown that 
inadequate nutritional status negatively affects 
the overall health of older adults.5 However, these 
studies did not specifically examine the relationship 
between micronutrient deficiencies and depressive 
symptoms. Aging-related physiological changes, 
along with social and environmental factors, 
contribute to the increased prevalence of depression 
in older persons.6 In addition, lifestyle factors, 
particularly nutritional status, are increasingly being 
recognized as crucial contributors to depression in 
the elderly.7

Undiagnosed and untreated depression among 
older adults can result in serious adverse health 
outcomes, including an increased risk of suicide, 
poor quality of life, reduced well-being, excessive 
healthcare utilization, and progressive medical 
conditions, cognitive, and functional decline.8,9 
Globally, an estimated two billion people suffer from 
deficiencies of essential vitamins and minerals, a 
condition often described as “hidden hunger,” which 
disproportionately affects vulnerable populations 
such as the elderly.10,11 Elderly individuals are 
more susceptible to zinc deficiency.12 The World 

Health Organization estimates that zinc deficiency 
alone accounts for approximately 1.4% of deaths 
worldwide each year. Evidence from developed 
settings also shows micronutrient-related health 
risks.13 

Zinc is a vital trace element that is involved in over 300 
enzymatic processes and is crucial for immunologicl 
control, neurogenesis, and synaptic plasticity.14 In 
the central nervous system, it controls N-methyl-
D-aspartate (NMDA) receptors and glutamatergic 
and GABAergic neurotransmission. Additionally, 
zinc stimulates the G protein-coupled receptor 39 
(GPR39), which has been linked to antidepressant 
mechanisms,  and affects serotonergic signaling.15  

Furthermore, the dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis, increased oxidative 
stress, and neuro inflammatory processes which 
are closely associated with the pathophysiology 
of depression, may occur in the presence of zinc 
deficiency.15,16 Ascorbic acid, also known as vitamin 
C, is a powerful water-soluble antioxidant that 
shields neuronal cells from oxidative stress.17 It 
influences mood control by acting as a cofactor 
in the manufacture of catecholamine, including 
the conversion of dopamine to norepinephrine. 
Furthermore, vitamin C helps with neuromodulation, 
neuronal development, and the reduction of 
inflammatory reactions related to depression.18 

Increased psychological distress and depressive 
symptoms have been linked to lower vitamin C 
levels.19

Depression in older adults has also been associated 
with several sociodemographic and psychosocial 
factors, including low educational level,20 limited social 
support,21 and adverse life events such as divorce,22 
financial strain,23 and stressful experiences.24 
Despite the growing elderly population in sub-
Saharan Africa, data on micronutrient deficiencies 
among older adults remain limited, particularly in 
Tanzania Mainland and Zanzibar. Most micronutrient 
studies have focused on pregnant women, children, 
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and women of reproductive age, leaving a significant 
knowledge gap among the elderly.25 Furthermore, 
existing research on diet and depression has largely 
focused on single nutrients or foods, with particular 
emphasis on B vitamins, often neglecting zinc and 
vitamin C in relation to neurological and mental 
health outcomes.26 Therefore, this study aimed to 
examine the relationship between micronutrient 
status and depressive symptoms among elderly 
residents of Zanzibar Urban Municipality, in the 
context of rising elderly population and an increasing 
burden of depression. The primary research 
question of this study was: Is there an association 
between micronutrient status (plasma zinc and 
vitamin C levels) and depressive symptoms among 
elderly in the Zanzibar Urban District? The study 

further examined whether sociodemographic, 
psychosocial, and health-related factors modified 
or independently contributed to the prevalence 
of depressive symptoms among this population. 
Based on existing biological and epidemiological 
evidence, the study hypothesized that “Elderly 
individuals with low plasma zinc and vitamin C 
levels would have a significantly higher prevalence 
of depressive symptoms compared with those with 
normal micronutrient status, even after adjusting for 
potential confounding factors”.

Materials and Methods
Study Design and Population
Below figure is a flow chart that illustrates the sample 
selection process.

Fig. 1: Flow chart of sample selection procedure
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Inclusion Criteria
Participants who were 60 years or older gave their 
consent to participate in the study.

Exclusion Criteria
A blood transfusion seven days prior to the data 
collection day, vitamin C and zinc supplementation, 
antidepressant medication, liver disease, severe 
cognitive dysfunction, acute illness or fever, and 
bleeding disorders were among the exclusion criteria 
for participants. 

Sample Size and Sampling
Kish Leslie's formula.27 for cross-sectional research 
was used to get the sample size.

Where N is the number of respondents needed that is 
sample size, p is expected prevalence obtained from 
the relatively similar previous studies. Prevalence of 
depression among the elderly population was 21.2 
%,4  Z is 1.96 (the Z-score corresponding to the 
95% confidence interval), d is the maximum error 
the researcher was willing to allow = 0.05.

Demographic and socioeconomic information
Participants completed a structured questionnaire 
collecting information on sociodemographic 
characteristics (age, sex, education, and marital 
status), lifestyle behaviors (cigarette and cannabis 
smoking, alcohol consumption), health status 
(hypertension, diabetes, other medical conditions, 
and medication use), sources of income, and living 
arrangements

Assessment of Adverse Life Events
Elderly people's bad life events over the previous 12 
months were measured using the Geriatric adverse 
Life Events Scale (GALES), including interpersonal 
loss, living situation disruption, physical illness 
and financial difficulties, loss of family members, 
separation, retirement, and experiences of stress.28 

Assessment of Social Support
12-1tem Multi-Dimensional Perceived Social Support 
Scale (MDPSS) was utilized. It has been validated 
in Uganda, East Africa, with a Cronbach’s of 0.83 
for three subscales. A score below 2.9 indicates low 
social support, 3 to 5 moderate support, and above 
5 higher support.29,30

Nutritional Biomarkers: Vitamin C and Zinc
Blood Sample Collection
Participants were taken to nearby designated 
places, such as shehia and the offices of school 
headmasters, to have their blood samples taken. A 
qualified laboratory worker obtained a single venous 
blood sample from the median cubital vein in a clean 
and safe way. A tourniquet was put on 7.5 to 10 
cm above the puncture site and taken off within 60 
seconds after the area was cleaned with isopropyl 
alcohol. An 8 ml blood sample was collected from 
each participant, with equal volumes allocated for 
vitamin C and zinc analyses using appropriate 
vacutainer tubes. The samples were carefully mixed 
by turning them upside down, put in an ice box, and 
taken to the lab for more work.31

Evaluation of Vitamin C
To obtain platelet-free plasma for vitamin C 
measurement, blood samples were collected into 
heparinized green-top vacutainers and centrifuged 
for 15 minutes at 2000 rpm. Before being analyzed 
at the Sokoine University of Agriculture laboratory, 
plasma samples were placed in cryovials and kept 
at -70 °C for four to eight weeks,32 Dogar et al.'s 
colorimetric spectrophotometry approach was 
used to measure the plasma vitamin C levels, prior 
analysis, samples were thawed at room temperature. 
6% metaphosphoric acid, sulfuric acid (4.5 M and 
12 M), 2, 4-dinitrophenylhydrazine (DNPH), thiourea 
(5%), and cupric sulfate (0.6%) were all used in 
the assay. The DNPH–thiourea–copper sulfate 
(DTCS) reagent was made and kept in storage at 4 
°C. Metaphosphoric acid was used to manufacture 
vitamin C standard solutions with a calibration range 
of 0.1–4.0 mg/100 ml.33 Following treatment with 
metaphosphoric acid, centrifugation, and reaction 
with DTCS reagent, plasma and standard solutions 
were incubated for three hours at 37 °C. Using a UV-
Vis spectrophotometer, absorbance was measured 
at 510 nm following the addition of sulfuric acid. The 
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concentrations of vitamin C were determined using 
a standard calibration curve. Using predetermined 
cut-off values, vitamin C status was categorized as 
inadequate (<50 µmol/L), mild deficiency (11.9–
27.82 µmol/L), and moderate to severe deficiency 
(<11.9 µmol/L).34

Zinc Evaluation
For zinc analysis, four milliliters of blood were 
drawn into vacutainers with a light blue cover that 
were filled with sodium citrate.35 After centrifuging 
the samples for five minutes at 5000 rpm, the 
plasma was separated into cryovials and kept at 
-80°C until analysis.36 Concentrated nitric acid, 
30% hydrogen peroxide, and certified zinc standard 
solutions (1000 ppm) were among the reagents. 
Before being used, all glass and plastic ware were 
acid-washed with 2 mol/L nitric acid and rinsed 
with ultrapure water. With a few minor adjustments, 
the plasma zinc content was analyzed using the 
procedure outlined by Memon et al.37 Nitric acid 
and hydrogen peroxide were used to digest the 
plasma samples, which were then heated until a 
clear solution was produced and diluted with 0.1 M 
nitric acid. An Atomic Absorption Spectrophotometer 
was used to test the absorbance of zinc at 219.9 
nm. A standard calibration curve was used to 
determine zinc amounts. Zinc levels in plasma that 
were ≥11 µmol/L were deemed normal.38	  

Assessment of Depression
The Geriatric Depression Scale (GDS) 15-short form 
was used to assess depressive symptoms among 
the elderly population in Zanzibar urban municipality. 
A score of 0-5 was considered the absence of 
depression, while a score of >5 was considered 
depression. With high Cronbach's alpha values 
(r=0.964, p<0.001), the scale has been validated 
and used to measure depression in older adults in 
low- and middle-income nations.39

Statistical Analysis
The study used Epi Info version 7.2 software tool for 
data management and statistical analysis. Univariate 
analysis was performed, with tables used for 
descriptive data. Bivariate analysis by using the chi- 
square test was used to show associations between 
depression and socioeconomic demographic 
factors like age, sex, marital status, education 

level, income source, physical chronic diseases, 
living arrangement, family member’s separation, 
social support, and micronutrient factors. Bivariate 
(modified Poisson regression model) was utilized to 
ascertain the relationship between exposures and 
outcomes of interest because the prevalence of 
the outcomes (depression) was greater than 10%. 
Robust standard errors were used in the modified 
Poisson regression model. This modified multiple 
logistic regression (modified Poisson regression) 
was used to control confounders, and the p-value 
of less than 0.05 was regarded as a significant 
factor, and the findings were presented as adjusted 
prevalence ratios (APR) with 95% confidence 
intervals.

Results
General Characteristics of the Participants
Of the 250 individuals who were initially selected, 245 
(98.00%) fulfilled the eligibility criteria, accounting to 
99.65% of the sample size. The average age of the 
participants was 67.90 years (SD = 6.50), with ages 
ranging from 60 to 105. Significant sex differences in 
marital status, education level, substance use, and 
various adverse life events are shown in Table 1. 
The majority of participants (66.53%) were female, 
married or widowed, and had secondary or primary 
education. In terms of nutritional markers, 78.37% 
of participants had a zinc deficiency, and 28.98% 
showed a vitamin C deficiency (figure 2 and 3 
respectively).

Respondents' Depressive Symptom Distribution 
and Prevalence ​of the 245 study participants, 80 
(32.65%) had Geriatric Depression Scale (GDS) 
scores between 6 and 13, showing the prevalence 
of depressive symptoms, and 165 (67.35%) had 
scores between 0 and 5, indicating the absence of 
depressive symptoms. Thus, overall, 32.65% of the 
study population suffered from depression. Among 
participants with depressive symptoms (n = 80), 26 
participants (32.50%) reported a GDS score of 6, 
followed by 15 participants (18.75%) with a score of 
7 and 14 participants (17.50%) with a score of 8. A 
smaller number (5) of participants obtained scores of 
9 (10.00%), 10 (6.25%), 11 (6.25%), and 12 (6.25%), 
while the least common outcome had a score of 13 
in 2 participants (2.50%).
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Table 1: Participants Characteristics (n = 245)

Category	 Female n (%)	 Male n (%)	 Total n (%)	 P-value 

Sociodemographic Characteristics
 
Age: 60 – 64	 59 (69.4)	 26 (30.6)	 85 (100)	 0.070
Age: 65 – 74	 86 (67.7)	 41 (32.3)	 127 (100)	
Age: 75+	 18 (54.5)	 15 (45.5)	 33 (100)	
Marital Status				  
Married	 45 (39.1)	 70 (60.9)	 115 (100)	
Divorced	 24 (82.8)	 5 (17.2)	 29 (100)	  0.070
Widowed/Single	 94 (95.9)	 7 (6.9)	 101 (100)	

Education				  
No formal/Adult education/ Primary	 96(73.2)	 35(26.7)	 131 (100)	 0.005
Secondary/Higher education	 67 (58.8)	 47 (41.2)	 114 (100)	
Lifestyle Characteristics
Substance Use (Yes)	 24 (47.1)	 27 (52.9)	 51 (100)	 0.034

Adverse Life  Events
Financial Difficulties (Yes)	 121 (65.8)	 63 (34.2)	 184 (100)	 < 0.001

Individual moved into house hold	 29 (59.2)	 20 (40.8)	 49 (100.0)	  0.040
(Victims of a violent crime) (Yes)

Very stressful	 15 (71.4)	 6 (28.6)	 21 (100.0)	 < 0.001
Moderate social support	 94(63.9)	 53 (36.1)	 147 (100)	 0.003

Note: Bold values indicate statistical significance (p < 0.05); n = frequency; % = percentage.

Fig.2: Proportions of plasma zinc among the participants.

Factors Associated with Depression
Age, education level, substance usage, living 
situation, negative life events, social support, 
vitamin C, and zinc were factors linked to depressive 
symptoms in a bivariate/unadjusted analysis. To 
determine the main variables associated with 

geriatric depressive symptoms, we developed a 
number of adjusted regression analysis models. 
In the first model, a stepwise regression was used 
to investigate the association between depressive 
symptoms and factors such as age, education, 
substance use, adverse life experiences, and the 
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availability of social support, as well as levels of 
zinc and vitamin C. A significance level of p ≤ 0.1 
was utilized to determine which variables to include 
in further analysis. Variables with a p-value of ≤ 

0.1 in the bivariate analysis were incorporated into 
the multiple logistic regression to evaluate their 
individual impact on depression while controlling 
for other factors. 

Fig. 3: Proportion (%) of Plasma Vitamin C among the Participants

Table 2: Multivariate Analysis of Factors Linked with Depressive Symptoms.

Variables,	 Adjusted PR (APR)	 (95% Cl)	 P value.

Age: 60-64 years.	 1.00		
Age: 65-69 years.	 0.76	 0.2861,2.0220	 0.5832
Age 70-74 years	 0.38	 0.1209,1.1774	 0.0932
Age 75-79 years	 2.49	 0.5208,11.8704	 0.2535
80+ years	 3.11	 0.6335,15.2556	 0.1623
Primary education 	 3.53	 3.6366,429.6895	 0.0025
Adult learning education 	 176.93	 9.9659,3141.2240	 0.0004
No formal education	 25.38	 2.2261,289.3356	 0.0092
Financial difficulties 	 5.15	 1.6639,15.9598	 0.0045
Individual moved into house hold	 3.04	 1.1277,8.2091	 0.0280
(victims of a violent crime)

Very stressful	 11.61	 1.1919,113.1630	 0.0348
Moderate social support	 3.03	 1.2250,7.4780	 0.0164
Zinc deficiency	 6.93	 2.0435,23.5081	 0.0019

Note: Bold values indicate statistical significance (p < 0.05). APR = Adjusted Prevalence Ratio; CI = 
Confidence Interval.

In multivariate logistic regression analysis (Table 
2), depression among elderly residents of Zanzibar 
urban municipality was independently associated 
with low plasma zinc levels (APR = 6.93; 95% CI: 
2.04–23.51; p = 0.0019), moderate social support 
(APR = 3.03; 95% CI: 1.23–7.48; p = 0.0164), lower 

educational attainment (primary, adult learning, or 
no formal education), financial difficulties (APR = 
5.15; 95% CI: 1.66–15.96; p = 0.0045), and high 
levels of stressful life events (APR = 11.61; 95% CI: 
1.19–113.16; p=0.0348)
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Discussion
In this study, the relationship between micronutrient 
status and depressive symptoms among the elderly 
population in the urban district of Zanzibar was 
determined. The prevalence of depression was 
32.65%, having depression was associated with 
micronutrients (zinc), level of education (no formal 
education, adult learning education and primary 
education), adverse life events (financial difficulty, 
individual moved into household, and individual to be 
very stressful), and social support. The prevalence 
of depression in the current research is consistent 
with systematic review studies from Ethiopia 
(28.5%),20  and global prevalence ( 35.1%).40 But the 
prevalence results of our current study were higher 
than the study done from the Berlin Aging Study 
II (15.7%),38  and also from Hai district Kilimanjaro 
Moshi, Tanzania (21.2%).4 Furthermore, our results 
were lower than the results obtained from Iran 
(42.2%),41 and systematic review and meta-analysis 
from Ethiopia (41.85%).42 Those discrepancies in 
the results might be due to variations in measuring 
tools and geographical backgrounds. Zinc deficiency 
affected over half of the participants (78.37%) and 
vitamin C deficiency affected nearly a quarter of 
the participants (28.98%); these deficits may have 
resulted from a lack of awareness of micronutrient 
intake.  Among elderly individuals in Zanzibar's urban 
district, zinc deficiency was strongly associated 
with depression, however, vitamin C did not reveal 
a significant association on multivariate analysis. 
Zinc deficiency had shown a greater risk of almost 
seven times more likely than those who had normal 
zinc levels. Our findings outperform the German 
study (AOR 1.490, 95% CI: 1.027, 2164; p=0.036),38 

and from Iran by Anbari-Nogyni and colleagues, 
which showed a 49% protective association of zinc 
biomarkers to depressive symptoms.41 Another 
study by Roozbeh and colleagues found that 
decreased plasma zinc levels were strongly linked 
with increased depressive symptoms.43  The variation 
in results could be attributed to the participants' 
cultural backgrounds, geographical location, or age. 
Vitamin C did not show a significant association 
with depression in our current study, even though 
there are a number of studies which have shown a 
significant association. For example, the systematic 
review by Plevin and Galletly.18 and the study 
from New Zealand which showed a significant 
association.34 The results discrepancy might be 

due to differences in age, geographical area, and 
physical health of the participants.

The study revealed that older adults in Zanzibar's 
urban district with moderate social support are three 
times more likely to develop depression compared 
to those with adequate social support. These results 
are supported by multiple studies, many of which 
showed the relevance of poor social support (no 
social support) with depression. For example, the 
study from Northern Tanzania, Moshi district,21 from 
Ethiopia,22 and from Italy,44 the results discrepancy 
might be due to differences in cultural background. 
The management of depression in older adults in 
rural Tanzania was found to rely on key strategies 
such as love and comfort, advice, spiritual support, 
helping, and medical assistance,45 to that is 
social support can also help to reduce depressive 
symptoms by offering emotional relief and acting 
as a protective barrier against distress. Elder adults 
with lower levels of education showed a higher 
likelihood of developing depression compared to 
those with higher levels of education, as evidenced 
by research conducted in Ethiopia,20 and by global 
epidemiology of depression across culture.46 

The majority of individuals with low educational 
attainment may exhibit insufficient coping methods, 
limited understanding of micronutrient utilization, and 
poor socioeconomic status, all of which contribute to 
the exacerbation of depressive symptoms. According 
to the current study, those who are having financial 
difficulties are five times more likely to experience 
depression than people who are fortunate, these 
findings are consistent with studies done in China.23 

Long term financial difficulties can exacerbate 
psychological discomfort by increase stress levels, 
restrict access to healthcare and a healthy diet 
and lead to social exclusion. Older persons with 
high stress levels are almost twelve times more 
likely to develop depression than those without 
stress, these results are supported by Chou and 
Chi,24 and from Linn country lowa.47 Unmanageable 
stress can activate the hypothalamic pituitary 
adrenal (HPA) axis and interfere with dopaminergic 
pathways by decrease its function (hinder dopamine 
release), leading to anhedonia, both of which are 
linked to depression.48   According to Muhammad 
and colleagues,49 elderly individuals who have 
experienced robberies or violent crimes, have 
a nearly twofold increased risk of suffering from 
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depression compared to those who have not (AOR: 
1.84, CI: 1.15 to 2.95). This finding is quite similar to 
the current study, which indicates a threefold higher 
likelihood of depression in such cases. Furthermore, 
this could lead to a number of depression risk factors, 
such as bodily harm and financial loss, which could 
increase stress levels.

The findings demonstrate that integrated psycho-
logical and socioeconomic factors, together with 
micronutrient deficiencies influence depressive 
symptoms in the elderly population of Zanzibar. 
Numerous studies have indicated a connection 
between age, gender, source of income, and 
substance with depression, however, this research 
found no notable association between the age, 
gender, and income sources of the participants with 
depression. This is the first research conducted 
in Zanzibar that investigated the relationship 
between micronutrients and depression among the 
elderly population. Additionally, several potential 
confounders (age, sex substance use, hypertension, 
diabetes, other illnesses and marital status) were 
evaluated. Furthermore, the plasma zinc and vitamin 
C concentrations were measured to evaluate their 
status. This study's emphasis on a Zanzibar urban 
district is one of its main limitation. The results may 
not fully reflect rural regions, where inequalities 
in healthcare access, educational opportunities, 
infrastructure, and work conditions are more 
noticeable, even while they provide insight into 
urban populations. Moreover, rural populations 
often maintain distinct cultural practices, social 
structures, and household arrangements that could 
yield different outcomes from those observed in 
urban settings. Therefore, it would improve external 
validity and increase the findings' generalizability 
to the entire isles if future studies were expanded 
to include both urban and rural districts as well as 
a wider cross-section of the Zanzibar population.

While this study provides important information, 
but it cannot answer causality-related questions. 
This is because the study’s cross-sectional nature 
limits causality, necessitating additional cohort and 
intervention trials to establish a causal link between 
micronutrients and depression, and further research 
on hidden hunger awareness. For future studies, 
there is a need to explore differences between the 
young and the elderly populations and between 

urban and rural areas. Stakeholders should develop 
strategies to reduce depression in the elderly 
population through health education on the role 
of micronutrients in combating depression as well 
as subsidizing the supply of nutrient-rich diets, 
regular zinc screenings, family interventions, health 
education programs, and raising awareness about 
risk factors of the lack of essential micronutrients.

Conclusion
This research identified a significant prevalence 
of depressive symptoms (32.65%) among elderly 
individuals residing in the Zanzibar Urban District. 
Zinc deficiency was found to be independently linked 
to depressive symptoms, even when controlling 
for psychosocial and socioeconomic variables. 
Moreover, factors such as lower educational 
attainment, financial hardships, high levels of 
stress, and moderate social support were found 
to significantly increase the risk of depression. 
These results indicate that the occurrence of 
depressive symptoms in older adults in Zanzibar is 
influenced by multiple factors, encompassing both 
biological and psychosocial elements. There is a 
need for integrated public health approaches that 
tackle nutritional deficiencies in conjunction with 
psychosocial support systems. Further longitudinal 
and interventional research is essential to elucidate 
the causal relationships involved.
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