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Abstract 

Background: Very few studies have shown the possible relationship between magnesium (Mg) status and depression. 
In the present study, the intracellular Mg status of the elderly population living in nursing homes (NHs) was assessed 
to determine its relationship with depression. 

Methods: A descriptive-analytical study was conducted on the elderly population living in nursing homes (Tehran-Iran; 
2010-2012). Participants' demographic and clinical characteristics were collected and recorded in a checklist. 
Evaluating the participants’ nutritional status, Mini Nutritional Assessment Method was implemented. Determining 
participant's depressive symptoms, 15-item Geriatric Depression Scale was used. Final scores were classified into4 
categories not depressed, mild, moderate, and severe depression. Mg level in leukocytes was also measured by flame 
atomic absorption spectrometry. 

Results: Totally 113 elderly were included and only 9.8% of subjects were not depressed. About 21% of the subjects 
were well nourished. Of participants who suffered from heart disease, 80.2% were depressed (p=0.03). Regarding 
correlations between Mg status and depression, results showed no significant difference in Mg levels of two depressed 
and non-depressed participants (p=0.73). 

Conclusion: The results of the present study showed notable prevalence rates of depression and malnutrition among 
nursing home residents. It was also found that the relationship between intracellular Mg levels and depression was not 
significant. Further studies are needed to determine the major factors related to these preventable psychological and 
nutritional disorders among elderly NH residents.  
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1. Introduction 

Magnesium (Mg) as the second predominant intracellular cation plays crucial roles in enzymatic reactions (as a 
cofactor) and neuronal function (as a calcium antagonist)[1]. The relationships between Mg with both specific and 
nonspecific immune responses were also well defined[2]. There are a large number of data showing the correlations 
between magnesium deficiency with different complications including cardiovascular diseases, osteoporosis, diabetes 
mellitus, and mental disorders [3-5]. 

The link between aging and Mg deficiency has also been shown. Insufficient intake, alterations in Mg metabolism, and 
age-related chronic disease are factors that may affect Mg status in the old-age population [2]. It was reported that in 
the elderly, chronic Mg insufficiency may deteriorate the risks of depression and other neuropsychiatric disorders [6, 
7].  

Depression is the main cause of disability with an increased advent in old age [8, 9]. Based on the WHO (World Health 
Organization) report, 7% of old adults (age> 65 years old) are prone to depression. The prevalence of major depression 
was reported 1-16% among elderly living in private households or in nursing homes [10]. 

Although there are diversities in the available data showing the link between Mg concentration and mental disorders 
[11], Andrasi et al. reported a positive correlation between Mg deficiency and the severity of depression symptoms. 
They showed that Mg intake could improve the clinical symptoms [12]. Jacka et al. also demonstrated Mg deficiency in 
patients with depressive illness [13]. 

Magnesium accompanied by calcium is usually found in hard water. A high-fiber diet also is a rich Mg source. While 
today the wide use of soft water and refined flour may expose the population to great risk for Mg deficiency [14]. Up to 
our knowledge, very little data are existent about the relationship between Mg status and depression. As a small fraction 
of total body magnesium is detected in the blood (1% in blood and 99% in intracellular space)[15], the blood or urine 
analyses may not be an appropriate method assessing of Mg levels. Recently, measuring Mg concentration in the 
erythrocyte or leukocyte has provided a valuable index indicating intracellular magnesium status [16]. This difficulty 
may explain why so little is known about the correlation between magnesium and different disorders. Herein, by the 
present survey, we aimed to assess the intracellular Mg status of the elderly population living in the nursing homes 
(NHs) to determine the possible relationship between Mg levels and depression. Understanding the influential factors 
can propose a practical solution for the prevention of this disorder.  

2. Material and methods 

A descriptive-analytical study was conducted in the School of Public Health (affiliated with Tehran University of Medical 
Sciences) in cooperation with the National Health Research Association, and the National Institute of Health Research 
(Tehran-Iran) in 2010-2012. 

Of totally 44 public and private nursing homes (with 2500 elderly residents) in Tehran, 17 nursing homes 
(geographically scattered in Tehran) were randomly selected and 113 eligible subjects entered in the study. Inclusion 
criteria were the age of 60 years or above and living in the nursing home. Deaths of individuals or unwillingness for 
cooperation were considered as exclusion criteria were. After signing of informed consent and entering the study, 
participants' demographic and clinical characteristics including age, sex, history of chronic disease (diabetes, 
hypertension, renal or heart disease), exposure to sunlight, dental health status, the levels of satisfaction regarding food 
quality, and personnel in nursing homes were collected and recorded in a checklist. Evaluating the participant's 
nutritional status, Mini Nutritional Assessment Method (MNA) was implemented. Determining participants’ depressive 
symptoms in the elderly population, a 15-item Geriatric Depression Scale (GDS) with a high level of internal consistency 
(Cronbach's alpha = 0.80), reliability, and validity was used [17, 18]. The GDS is composed of 15 Yes-No items showing 
the presence of depression [19, 20]. Final scores were classified in 4 categories; 0-4, 5-8, 9-11, and 12-15 suggesting not 
depressed, mild, moderate, and severe depression, respectively [21, 22].  

In order to measure the Mg levels in leukocytes, 5 milliliters of fasting venous blood were drowned in a heparinized 
tube. After adding 5 ml of PBS, the content was gently transferred to another tube containing 3 ml of Ficoll- Hypaque 
(0771/1 Sigma Aldrich, Germany). Then, the tube was centrifuged at 400 RPM for 15 minutes at 4 ° C. After centrifuge, 
4 layers were formed that the lowest layer contained the red blood cells. The second, third, and the upmost layers were 
the Ficoll, mononuclear cells (a cloudy layer), and plasma, respectively. With a pipette, the cloudy and plasma layers 
were removed, washed with PBS, and centrifuged at 300RPM for 5 minutes at 20 ° C. The perimeter was evacuated and 
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the procedure was repeated. Leukocytes were lysed by sonication in 10 mmol/ L of NaCl and the Mg in the cell lysate 
(with adding 2.93 g of lanthanum oxide per liter) was detected by flame atomic absorption spectrometry (FAAS). The 
low, medium, and high ranges for intracellular Mg concentration were considered as<3.9, 3.9-10.0, and >10.0 
nmol/106cell, respectively [23]. 

The study was confirmed by the Medical Ethics Committee of Tehran University of Medical Sciences (ID: 4656). 

1.1. Statistical Analysis 

Data were analyzed using SPSS software (17.0) and STATA (11.0). Univariate and multivariate ordinal polytomous 
regression were employed to investigate the association between malnutrition and its risk factors. As the nursing homes 
formed a cluster in our sampling scheme, Complex Sample Survey (SVY) ordinal regression analysis was performed in 
STATA to account for the data structure. The frequency, type, and direction of the relationship between variables and 
the relative distance were determined using the Pearson correlation coefficient. The relationship between independent 
categorical variables was evaluated by the Chi-square test. Qualitative data was analyzed through the Fisher test. A P-
value of less than 0.05 was considered significant.  

3. Results  

Totally 113 elderlies (53.3%; female and 46.7%; male) were included. The mean (±SD) age of participants was 75.8 
(±8.7) years. Of all, only 9.8% of subjects were not depressed, while 50.0%, 29.5%, and 10.7% had mild, moderate, and 
severe depression, respectively. Sixteen percent had diabetes, 23.1% hypertension, 3.8% renal disease, and 5% 
digestive problems. Of participants who suffered from heart disease, 80.2% were depressed (p=0.03). Regarding Mg 
status, 37 (32.74%), 39 (34.52%), and 37 cases (32.74%) showed low, moderate, and high levels of leukocytes Mg, 
respectively. Only20.9% of the subjects were well nourished and the others were malnourished or at risk of 
malnutrition. Consuming vitamin or mineral supplements was reported in 3.7% of subjects. Regarding dental health, 
27.2% had no teeth or dentures. 

Measuring intracellular status by FAAS method showed that 37 (32.74%) of the elderly population had low a level, 39 
(34.52%) medium level, and 37 (32.74%) high level of intracellular Mg. Of all participants, 34.55% of male and 31.03% 
of female subjects showed high levels of Mg. The low level of Mg was less frequent among older participants. NH 
residents with higher education showed a higher level of Mg. Cases with malnutrition or those who did not receive 
supplements had high ranges of Mg. Demographic characteristics and magnesium status among participants are 
presented in Table 1. 

Table 1 Demographic characteristics and magnesium status among participants  

  Magnesium 

Variables 

<3.9 

nmol/106cell 

(percent) 

3.9-10.0 nmol/106cell 

 (percent) 

>10.0 nmol/106cell 

(percent) 

Gender 

Male 32.73 32.73 34.55 

Female 32.76 36.21 31.03 

Age groups (years) 

60-74 35.42 31.25 33.33 

75-85 35.56 33.33 31.11 

Older  20 45 35 

Education 

Illiterate 36.96 39.13 23.91 

Lower diploma 32.26 38.71 29.03 

Diploma and higher  28 32 40 

Nutritional status 

Well-nourished 52.63 15.79 31.58 
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At the risk of malnutrition 30.23 38.37 31.40 

Malnutrition 12.50 37.50 50 

Taking supplements 

Yes  42.86 57.14 0 

No  32.38 33.33 34.29 

 

Regarding correlations between Mg status and depression, results showed that the majority of non-depressed subjects 
(81.9%) had low to moderated Mg concentrations. While 68.5% of cases with mild, 73.3% with moderate, and 57.2 % 
with severe depression showed low and moderate Mg levels. Furthermore, a high level of Mg was detected in only 18.2% 
of non-depressed cases. On the other hand, larger numbers of depressed cases showed high levels of Mg in comparison 
with non-depressed subjects (31.5%, 26.7%, and 42.9% of cases with mild, moderate, and severe depression, 
respectively). However, these differences were not significant between two depressed and non-depressed participants 
(p=0.73) (Table 2). 

Table 2 Correlations between Magnesium levels with diabetes, hypertension, heart disease, renal disease, dental health, 
the satisfaction of food quality, the satisfaction of personal, sunlight exposure, and depression 

P value >10.0 
nmol/106cell 

(percent) 

3.9-10.0 
nmol/106cell 

(percent) 

<3.9 
nmol/106cell 

(percent) 

   Magnesium 

Variables  

 

0.73 

18.2 45.5 36.4 No  

 

Depression 

 

31.5 38.9 29.6 Mild 

26.7 30 43.3 Moderate 

42.9 42.9 14.3 Severe 

 

0.67 

26.3 42.1 31.6 Yes Diabetes 

34.0 33.0 33.0 No 

0.58 28.6 42.9 28.6 Yes Hypertension 

33.33 32.1 34.5 No 

0.28 32.3 45.2 22.6 Yes Heart Disease 

33.3 30.9 35.8 No 

0.31 100 0 0 Yes Renal Disease 

31.2 35.8 33.0 No 

0.21 33.3 33.3 33.3 Yes Bad Dental 
Health 32.6 34.9 32.6 No 

0.33 34.0 32.0 34.0 Yes Satisfaction of 
Food Quality 20 60 20 No 

0.52 31.5 35.2 33.3 Yes Satisfaction of 
Personal 60 20 20 No 

 

0.47 

35.7 26.2 38.1 No Sunlight 
Exposure 33.3 40.7 25.9 <2 h 

23.5 35.3 41.0 2-8 h 

 

Although high Mg levels were more frequently observed among non-diabetics compared to diabetic cases, the difference 
was not significant (34.0% vs. 26.3%; p=0.67). More hypertensive cases had low and moderate Mg levels compared to 
non-hypertensive subjects (71.43 vs. 66.66%; p=0.58). High levels of magnesium were observed in all participants with 
renal disease (100%), while about one-third (31.2%) of subjects without renal disease showed such a high level 
(p=0.31). No notable differences were observed between cases with and without heart diseases with respect to Mg 
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levels (p=0.28). Other factors such as dental health status (p= 0.21), sunlight exposure (p=0.47), satisfaction of NH's 
staff (p=0.33), or food quality (p=0.52) could not significantly alter Mg levels. Finally, No significant relationship was 
observed between Mg levels and nutritional status (P=0.18). 

4. Discussion 

Depression among the elderly is a serious problem that may increase the rate of morbidity or mortality [24]. Previous 
studies have indicated that depressed old adults had poorer functioning when compared with people with other chronic 
complications such as cardiopulmonary disease, arthritis, or diabetes [25]. It was also reported that anti-depressant 
medications are not always successful and even may increase the suicide rate [26]. On the other hand, nutrition as one 
of the most important environmental factors could notably improve, prevent, or shorten the period of different illnesses 
[27]. The primary outcome of the present study was to evaluate any possible correlation between depression and 
intracellular magnesium status in elderly residents of selected NHs in Tehran-Iran. 

According to the results, 50.0% and 40.2% of our participants showed mild and moderate to severe depression. The 
other studies from Iran also showed such a prevalent mental complication among the Iranian elderly [28-31]. A 
systematic review and meta-analysis showed depression in 43% (CI 95%: 30%-55%) of 5781 included Iranian elderly 
population [29]. The other investigation has shown that 52% (CI 95%: 46–58) of the Iranian elderly aged 64.22 to 76.97 
years suffered from depression [30]. The prevalence of depression among elderly living in different cities of Iran was 
also reported from 0.03% (in Khoy; 2016) to 82.1% (in Koram Abad; 2013) by the other study [31]. This high prevalence 
of depression indicates that the screening, early diagnosis, and prevention of depression among the elderly population 
particularly NH residents with higher risk factors should be strongly considered.  

The results also indicated a significant relationship between depression and heart disease; the majority of our 
participants (80.2%) who suffered from heart disease were depressed. Chronic complications like heart disease may 
severely impact on quality of life that may prone elderly subjects to getting depression. In accordance with our findings, 
Tang et al. showed that heart disease was a significant risk factor for mental health disorders in elderly patients [32]. Al 
et al. also showed a positive correlation between depression and heart disease [33]. This finding shows that for 
preventing depression in the elderly, the overall health status of subjects should be noticed. 

According to the results, unfortunately, about 80% of our participants living in NHs were malnourished or at risk of 
malnutrition. It is supposed that several reasons may be involved; inadequate energy/nutrients, macro, and 
micronutrients intakes secondary to subjects' low income, psychological and non-psychological health problems 
(affecting appetite, ingestion, digestion, and absorption processes), worse nutritional status, and no food choices in 
nursing homes are some of them. Our data were also shown that very few percent of participants (3.7%) received 
vitamin or mineral supplements and 27.2% had no teeth or dentures. So it seems that public health strategies should 
strongly focus on nutritional interventions as well as old-aged adults' health status to improve nutritional outcomes in 
NHs elderly residents. These findings were confirmed by our former study that showed a notable rate of malnutrition 
with significant relationships with lower food intake, no teeth or good prosthesis, diabetes, smoking , studying, and 
praying in the free time among NH elderly residents [34]. Consistent with our finding, Madeira et al. showeda high 
frequency of malnutrition and inadequate protein intake among the elderly population living in NH. The authors also 
demonstrated that there was a significant and inverse relationship between energy intake and malnutrition among their 
study population [35]. 

Regarding correlations between intracellular Mg status and depression, results showed that the majority of non-
depressed subjects had low to moderate Mg concentrations. On the other hand, a larger number of mild to severe 
depressed cases (31.5%, 26.7%, and 42.9%) showed high levels of Mg when compared with non-depressed subjects 
(18.2%). As these differences were not significant, it seems that other significant risk factors may mask the correlation 
between Mg status and depression. This finding is compatible with that of Derom et al. demonstrating that the increase 
of Mg intake (in 12939 subjects with the mean age of37.6 ± 11.7 years) could not significantly decrease the risk of 
developing depression [1]. Eby et al. also stated no significant correlations between blood and CSF Mg levels with 
depression [36]. In contrast to our results, Tarleton by a randomized clinical trial showed that administration of 248 
mg of daily magnesium supplement for 2 weeks could improve mild to moderate depression symptoms in adults [37]. 
The results of another study showed that 500 mg daily Mg supplementation for 8 weeks could improve depression 
scores [38]. We could not find similar investigations to compare our results and these differences between the results 
may relate to diversities in the study designs and included participants with different demographic and clinical 
characteristics.  

http://europepmc.org/abstract/med/20058573/?whatizit_url=http://europepmc.org/search/?page=1&query=%22Depression%22
https://scholar.google.com/citations?user=80nousIAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/abs/pii/S0306987709007300?casa_token=Lne_lTYDUOUAAAAA:D1fJYkgRLptmfuDq7Xi_TEinCZqeSsiHtah2mfJ8JAnwRu1lh1zTG7W49Z9Zs6Cw8I9e1fxHwA#!
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Although all participants with the renal disease showed high levels of intracellular Mg, the results showed that there 
were not any significant correlations between different diseases and intracellular Mg status. Previous studies have 
shown conflicting data on serum levels of magnesium in renal disease. Ford et al. revealed that older adults expose to 
the danger of Mg deficiency because of low absorption and high excretion of Mg in the kidney [39]. Mountokalakis 
showed a toxic serum Mg concentration in end-stage renal disease patients because of limited kidney ability for Mg 
excretion [40]. The other study indicated that chronic kidney disease by impairing kidney function may cause 
disturbance in the handling of Mg and result in either hypo or hypermagnesemia [41].  

Additionally, our results showed that none of the different factors like dental health status, sunlight exposure, 
nutritional status, the satisfaction of NH's staff, and food quality could significantly alter intracellular Mg levels. It is 
supposed that cytosolic Mg levels are tightly controlled by hormonal, metabolic, and extra/intra cell membrane 
transport mechanisms through the expense of extracellular Mg levels [42, 44]. This explanation may demonstrate why 
we could not observe significant differences between our participants during such a short study period.  

In the present study, we wanted to attract special attention to elderly people who are living in the nursing home as a 
vulnerable group with an eye on their mental and non-mental complications. There are very few studies about 
magnesium and depression. Moreover, while serum magnesium determination is a simple and widely used approach 
evaluating Mg status, the strength of the present study was assessing intracellular Mg as a reliable method. It was 
speculated that magnesium deficiency may contribute to the aging process and age-related problems. Also, the roles of 
nutritional diet and stress on Mg deficiency have been shown. Our results could not delineate these correlations with 
intracellular Mg levels. Herein, these diverse findings indicate the need for further investigation with a larger elderly 
population. 

It should be also mentioned that our study had several limitations. We did not consider the duration of residency of 
participants in nursing homes. The levels of serum Mg were not measured among the study population that that could 
provide beneficial data for comparison of intra and extracellular Mg concentration. We did not gather data regarding 
participants’ antidepressants consumption; however, these drugs may affect Mg levels. Our sample size was also small 
because of few non-cooperative participants as well as limited financial and human recourses. 

5. Conclusion 

The results of the present study showed notable prevalence rates of depression and malnutrition among the elderly 
nursing home residents. It was also found that the relationships between intracellular Mg levels with depression or 
other chronic diseases including diabetes, hypertension, heart and renal diseases were not significant. Further studies 
are needed to determine the major factors related to these preventable psychological and nutritional disorders among 
elderly NH residents.  
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