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levels of selenium in frail older individuals. Following 8 weeks 
of micronutrient supplementation, there was a significant 
increase in selenium levels and improved symptoms of de-
pression occurred in a subgroup. 
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 Introduction 

 Older people have a high prevalence of depression, 
with up to one third or more of those living in residential 
or nursing home, having significant symptoms  [1–4] . The 
prevalence of depression in nursing or residential homes 
is at least twice that seen in the general population  [5, 6] . 
There are clear associations between depression and 
chronic illness and disability  [7] . Individuals diagnosed 
with depression, may have poor physical and social func-
tioning and an impaired quality of life. The presence of 
depression also results in increased morbidity and mor-
tality  [8–10] .

  Older people living in institutions tend to have a poor 
nutritional status. Deficiencies in zinc, selenium and vi-
tamin C, have been found in older hospitalised individu-
als  [11, 12] . In a UK study, 40% of older people living in 
institutions were reported to be deficient in folate, ribo-
flavin and vitamin C  [13, 14] . Although the micronutrient 
status of all older people may be improved through sup-
plementation  [15, 16] , those people who are most deficient 
with a relatively poor diet are found to benefit most from 
supplementation  [17] .
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 Abstract 

 One third of older people in nursing and/or residential 
homes have significant symptoms of depression. In younger 
people, deficiencies in selenium, vitamin C and folate are 
 associated with depression. This study examines the asso-
ciation between micronutrient status and mood before and 
 after supplementation. The objective was to determine 
whether the administration of selenium, vitamin C and fo-
late improved mood in frail elderly nursing home residents. 
Mood was assessed using the Hospital Anxiety and Depres-
sion rating scale (HAD), and Montgomery-Åsberg Depres-
sion Rating Scale (MADRS). Micronutrient supplementation 
was provided for 8 weeks in a double-blinded randomised 
controlled trial. Significant symptoms of depression (29%) 
and anxiety (24%) were found at baseline. 67% of patients 
had low serum concentrations of vitamin C, but no-one was 
below the reference range for selenium. Depression was sig-
nificantly associated with selenium levels, but not with fo-
late or vitamin C levels. No individual with a HAD depression 
score of  6 8, had selenium levels  1 1.2  �  M . In those patients 
with higher HAD depression scores, there was a significant 
reduction in the score and a significant increase in serum 
selenium levels after 8 weeks of micronutrient supplemen-
tation. Placebo group scores were unchanged. This small 
study concluded that depression was associated with low 
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  Micronutrients and Mood 
 Vitamin and mineral supplementation can result in 

improved mood in younger people and in physically 
healthy older people  [18–21] . It has been found that low 
folate levels are present in depressed people and supple-
mentation, in addition to the administration of fluox-
etine, significantly improved mood  [22] . In addition, 
healthy older people with low vitamin C levels and mood 
at baseline had improved serum levels and mood, when 
supplemented with oral vitamin C  [23] .

  Selenium 
 Selenium is an essential trace mineral which is best 

known as an antioxidant. It is also part of the enzyme 
system necessary for the production of active thyroid 
hormone  [24] .

  In some parts of the world, particularly in European 
countries, such as the UK, a low or diminishing selenium 
status may impact on general health  [25] .

  There is increasing evidence that selenium has a pro-
tective effect against some forms of cancer, may enhance 
male fertility, reduce cardiovascular disease mortality 
and regulate some of the inflammatory mediators in 
asthma  [26] .

  The relationship between mood, behaviour and cogni-
tive function with alterations in thyroid function, has re-
sulted in researchers suggesting that the effects of sele-
nium status on mood, may in part be due to the complex 
interaction with thyroid function  [27] .

  Patients with hypothyroidism often present with de-
pression. In addition, thyroid function depends on sele-
nium which is at the active centre of the iodothyronine 
deiodinase enzymes that catalyse the conversion of the 
prohormone thyroxine (T4) to the active form of thyroid 
hormone triiodothyronine (T3). Therefore, patients with 
hypothyroidism and depression may be deficient in sele-
nium. 

  Chronic alcoholic patients have diminished plasma 
and erythrocyte, selenium and vitamin E levels, which 
improve towards normalisation after 14 days of alcohol 
abstinence  [28] .

  Other authors have also suggested that selenium status 
may modify mood in patients with chronic heavy alcohol 
consumption. One suggested hypothesis is that mood 
improvement in depressed patients after a period of ab-
stinence from alcohol might in part be due to the nor-
malisation of selenium status  [29] .

  Higher incidence of anxiety and depression, as well as 
poor overall health in patients with chronic renal failure 
undergoing haemodialysis, has been attributed to sele-

nium deficiency and the role of selenium in depression 
during pregnancy and lactation has also been postulated 
 [30] .

  Specific patient groups, including those undergoing 
long-term tube feeding may have dietary selenium defi-
ciencies sufficient to induce ECG abnormalities  [31] . The 
role of medications such as clozapine in reducing plasma 
and red cell selenium in patients with schizophrenia has 
been reported  [32] .

  Selenium and Cognition 
 In patients with both Alzheimer type and vascular de-

mentia, serum selenium levels were thought to have a 
positive protective effect on cognitive function  [33]  and 
this has been confirmed in a 9-year longitudinal study, 
which found cognitive decline to be associated with de-
creases in plasma selenium over time. In those subjects 
who had low plasma selenium levels, the greater the de-
crease in selenium, the higher the probability of cognitive 
decline. Akbaraly et al.  [34]  concluded that selenium sta-
tus declined with age and may contribute to declines in 
neuropsychological functions in an ageing population. In 
a cross-sectional survey of 2,000 rural Chinese, which 
was unique in that 70% of the study participants had lived 
in the same village since birth, low selenium levels in nail 
samples were significantly associated with lower cogni-
tive scores, suggesting that lifelong low selenium levels 
are associated with lower cognitive function  [35] .

  Selenium and Mood 
 In healthy men, a diet low in selenium has no effect on 

mood scales; however, the lower the initial selenium sta-
tus, the more the mood scores diminished, thus support-
ing the hypothesis that a low selenium status may result 
in relatively depressed mood  [36] . In a study of 501 UK 
subjects aged 60–74 years, who were administered differ-
ent levels of selenium or placebo, supplementation in-
creased plasma selenium levels above baseline, but did 
not affect mood as measured by the Profile of Moods 
States – Bipolar Form, or quality of life as measured by 
the Short Form 36  [37] . In contrast, Benton and Cook in 
a similar British population, found improved mood and 
a decrease in anxiety, using the Profile of Mood States, 
which correlated with the level of selenium in the diet, as 
estimated from a Food Frequency Questionnaire. This 
study, however, failed to correlate mood to serum sele-
nium status  [38, 39] . Patients with HIV/AIDS, treated 
with selenium therapy in a placebo-controlled double-
blinded trial, found that at 12 months the participants 
who had received selenium, reported increased vigour 
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and less anxiety, compared to the placebo-treated indi-
viduals, although there was no apparent effect of seleni-
um on either distress or depression  [40] .

  Aim 
 The aim of this study was to examine the association 

between micronutrients (specifically selenium, folate and 
vitamin C), and symptoms of depression and anxiety in 
a sample of frail older individuals living in nursing and 
residential homes. We hypothesised that lower levels of 
each of the micronutrients would correlate with greater 
symptoms of both anxiety and depression, and that those 
individuals receiving micronutrient supplementation 
would have improved mood and reduced anxiety com-
pared with the placebo-treated group.

  Methods 

 Subjects 
 Seventy-three residents from eleven nursing and residential 

homes on Merseyside participated in this study. All individuals 
approached were aged over 60 years and were able to give in-
formed consent (abbreviated mental test score of 7 or above and 
not critically ill). The study was approved by the local Research 
and Ethics Committee and all participants gave written informed 
consent.

  All subjects had normal thyroid function tests and none were 
receiving either thyroxine supplementation, or pharmacological 
treatment for a depressive illness up to 2 weeks before, during or 
within the assessment period.

  Mood Ratings 
 Baseline mood ratings were completed during the 2 weeks pri-

or to the commencement of micronutrient/placebo supplements. 
A 2-week period was chosen to ensure that all participants started 
the study at the same time and that mood assessment could be 
completed on all of them within this period. Endpoint ratings 
were completed within 2 weeks of finishing supplementation. All 
intervals between baseline and endpoint ratings were 8–10 weeks 
apart. The measurements included:
  (1) The Montgomery-Åsberg Depression Rating Scale (MADRS) 

which is a continuous measure of severity of depressive symp-
toms. This scale has been shown to be reliable and valid in 
elderly and frail populations. A score of  6 18 has both a high 
specificity and positive predictive value of the diagnosis of de-
pression in frail older people. 

 (2) The Hospital Anxiety and Depression Scale (HAD). This con-
sists of two 7-item scales designed to screen physically ill pop-
ulations, for both anxiety and depression. It has been validat-
ed in older people. On each scale, a score below 8 is considered 
to be normal, scores of 8–10 being borderline and scores  6 11 
indicative of the presence of anxiety and/or depression. 
 We chose both HAD and MADRS, because the former mea-

sures positive affect, whereas the latter measures negative affect. 
Both scales have been validated in older people, particularly 
amongst frail individuals. Both scales were scored during face to 
face interviews to ensure that participants with visual and physi-
cal impairments were not excluded, in an attempt to improve the 
validity of the data obtained. No further scales were included as 
this population was frail and unlikely to be able to complete more 
than 2 scales.

  Biochemistry 
 Twenty millilitres of venous blood was collected and separated 

in a validated laboratory within 2 h of collection. Serum selenium 
was measured using inductively coupled mass spectrometry, fo-
late by immunoassay and vitamin C by a colorimetric assay.

  Intervention 
 All participants were randomly assigned to receive either pla-

cebo or active micronutrient supplementation in a one to one ra-
tio, using random numbers generated by the Hospital Pharmacy 
Trials Unit. The micronutrient supplement and placebo were sup-
plied by Recip AB Sweden and were identical in appearance. Par-
ticipants took two tablets, twice a day for 8 weeks, administered 
by nursing home staff. Compliance was verified during the trial 
by tablet counting at two weekly intervals by a researcher blinded 
to the intervention. The constituents of the active supplement are 
listed in  table 1 .

  Statistical Analysis 
 Due to the ordinal nature of the mood ratings, non-parametric 

tests (Spearman’s rho and Wilcoxon signed-ranks test) were used 
to examine the association between mood measures and individ-
ual’s micronutrients status and any change in mood scores be-
tween measurements at baseline and endpoint.

Table 1. Constituents of micronutrient supplement, manufactur-
er Recip AB, Sweden

Vitamin A, IU 2,666
Vitamin D3, IU 400
Vitamin E, mg 60
Vitamin B1, mg 1.2
Vitamin B2, mg 1.4
Vitamin B6, mg 3.0
Nicotinamide, mg 14
Folic acid, mg 0.6
Vitamin B12, �g 200
Biotin, �g 30
Calcium pantothenate, mg 5
Vitamin C, mg 120
Iron, mg 12
Zinc, mg 14
Copper, mg 2
Iodine, �g 150
Manganese, mg 1
Chromium, �g 50
Selenium, �g 60
Molybdenum, �g 100
Calcium, mg 240
Magnesium, mg 100
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  Student’s t tests were used to test for significant differences in 
micronutrients between groups at baseline and paired t tests for 
changes in micronutrient measures between baseline and end-
point. Significance levels of 0.01 (one tailed) were considered to 
be statistically significant. All analyses were performed using 
SPSS. 

  Results 

 Seventy-three participants commenced the study, of 
whom 59 completed the assessments. The median age 
was 82 years. 

  Mood at Baseline 
 HAD depression scores of 8 or more were found in 

29% of participants. 22.5% scored 8 or more on the HAD 
anxiety scale. Of these 7 (9.6%) had anxiety and depres-
sion scores of  6 11, suggesting serious psychological dis-
tress. Seventeen subjects (23%) had MADRS scores  6 18 
( table 2 ).

  Micronutrient Status 
 At baseline, only one person was deficient in folate

(i.e.  ! 1.5 �g/l) and no-one had a serum selenium level of 
 ! 0.7  �  M . However, 49 (67%) of residents had vitamin C 
levels  ! 23  �  M  ( table 3 ).

  Relationship between Mood and Micronutrient Status 
 There were statistically significant negative relation-

ships between serum selenium and both depression mea-
sures. There was also a trend towards a significant nega-
tive relationship between selenium and anxiety scores 
( table 4 ). All 18 participants with depression scores  6 8 
on the HAD depression scale had selenium levels  ! 1.2 
 �  M . No significant correlations were noted between fo-
late and/or vitamin C, depression and/or anxiety mea-
sures.

  Effect of Supplementation 
 Fifty-nine participants had complete baseline and 

endpoint measurements of mood. At 8 weeks, no partici-
pant had a folate or selenium level below the reference 
range and only one participant (2%) had a vitamin C lev-
el below the reference range ( table 3 ). At baseline prior to 
either supplementation or placebo, there were no statisti-
cally significant differences on any of the mood mea-
sures. A total of 33 out of 37 participants in the placebo 
group had complete baseline and endpoint measures and 
26 of 36 active treatment participants also had complete 
sets of measures. There were no statistically significant 
differences between the baseline scores for those com-
pleting the study, compared with the total sample in ei-
ther the placebo or the active group ( table 5 ).

  There was a trend towards a significant reduction in 
HAD depression scores (i.e. an increase in positive affect) 
in the active treatment group (Wilcoxon test Z = –1.48,
p = 0.07) and no significant change in the placebo group 
(Z = –0.84, p = 0.20). In the HAD anxiety scores there 
was a trend towards a significant reduction in the placebo 
group (Z = –1.57, p = 0.06), but not in the active treatment 

Table 2. HADS and MADRS scores at baseline 

HADS MADRS

anxiety depression

Subjects 73 73 72
Mean score8SD 5.484.8 4.8484.1 9.288.6
Median score 4.0 3.5 6.0
Score range 0–18 0–14 0–29
0–7 (‘normal’) 77.5% (55) 71% (52)
8–10 (‘borderline’) 8% (7) 16% (11)
≥11 (‘depressed’) 14.5% (11) 13% (10)
≥18 (‘depressed’) 22% (16)

Table 3. Serum data at baseline and 8 weeks

Reference
range

Baseline
mean

8 weeks
mean

Baseline
range

Participants below reference range, %

at baseline at 8 weeks

Folate, �g/l 1.5–10 5.88 12.0 0.9–39.8 1.6 0
Vitamin C, �M  23–118 20.15 64.1 1–75 67.0 1.8
Selenium, �M 0.7–1.6 1.03 1.1 1–2 0 0

Reference ranges for micronutrients and micronutrient status of participants at baseline.
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group (Z = –0.18, p = 0.43). There was no significant 
change in either active or placebo group in the MADRS 
scores (active: Z = 0.34, p = 0.36; placebo: Z = 0.25, p = 
0.25).

  Effect of Supplementation in Individuals with
High Depression Scores 
 At baseline, there were 8 people in the placebo group 

and 10 in the active treatment group with HAD depres-
sion scores in the abnormal range ( 6 8) who subsequent-
ly completed the study. Among those with abnormal 
HAD depression scores at baseline, those in the active 
treatment group showed a significant increase in seleni-

um levels (paired t test –2.94, d.f. 9; one-tailed signifi-
cance 0.009) and a significant decrease in depression 
scores (Wilcoxon signed ranks test Z = –2.15; one-tailed 
significance 0.016) after 8 weeks. However, in the placebo 
group, selenium levels were unchanged (paired t test t = 
–0.24, d.f. 6, p = 0.41) and HAD depression scores did not 
show significant change (Wilcoxon Z = –1.02, one-tailed 
significance 0.15).

  Among those people with abnormal MADRS scores 
( 6 18) at baseline, there were no significant change in 
MADRS scores in either group (active: Z = –1.19, one-
tailed significance 0.12; placebo: Z = –1.21, one-tailed sig-
nificance 0.11).

  Discussion 

 Mood and Nursing in Residential Home Residents 
 One quarter of all participants scored in the abnormal 

range of the anxiety scale of the HAD and almost one 
third scored in the abnormal range of the depression 
scale of HAD. 21.7% had significantly high levels of neg-
ative affect as indicated by MADRS scores of  6 18. This 
prevalence level of depression is similar to that seen in 
other populations of older people in institutions  [1–4] . 

Table 4. Association between measures of mood and biochemical 
parameters

Micro-
nutrient

HADS MADRS

anxiety depression

Selenium –0.293 (0.011) –0.341 (0.004) –0.358 (0.003)
Folate 0.078 (0.163) 0.014 (0.458) –0.017 (0.450)
Vitamin C –0.146 (0.132) –0.157 (0.113) –0.204 (0.06)

Table 5. Mood data

Placebo (n = 33) Active (n = 26)

baseline endpoint baseline endpoint

HADS anxiety score
Mean8SD 4.9784.69 4.1284.1 6.8585.16 6.6585.03
Median 4.0 3.0 5.5 6.0
Range 0417 0416 0418 0418
N scores 0–7 26 (79) 27 (82) 18 (69) 17 (65)
N scores 8–10 3 (9) 2 (6) 2 (8) 4 (16)
N scores ≥11 4 (12) 4 (12) 6 (23) 5 (19)

HADS depression score
Mean8SD 4.5584.68 4.8883.81 6.1283.81 5.1983.71
Median 3.0 4.0 5.0 5.0
Range 0418 0413 1413 0413
N scores 0–7 25 (76) 24 (73) 16 (62) 20 (77)
N scores 8–10 4 (12) 7 (21) 5 (19) 3 (11.5)
N scores ≥11 4 (12) 2 (6) 5 (19) 3 (11.5)

MADRS score
Mean8SD 8.7688.78 7.9187.69 10.4289.88 10.588.6
Median 5.0 5.0 6.5 8.0
Range 0431 0426 0429 0427

Figures in parentheses indicate percentages.
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Prevalence of anxiety symptoms is, however, also high 
and this has not been previously noted. There is, how-
ever, some evidence on the prevalence of anxiety diag-
nosed using the Geriatric Mental State Schedule in cer-
tain older populations. In chronic obstructive pulmo-
nary disease, 18% of patients were found to have anxiety, 
and this was a major predictor of hospital admission 
 [41] .

  Mood and Micronutrient Status 
 Despite previous research suggesting an association 

between folate or vitamin C levels and low mood, our 
data demonstrated no such relationship. We did however 
find a highly significant negative association between 
symptoms of depression and selenium levels, although 
the serum selenium levels were apparently within the 
normal range. None of our sample group had a serum 
selenium level below the minimum accepted reference 
range. However, we know that the nutritional intake of 
selenium in the UK is equivalent to a low selenium diet 
 [42] .   Although it is difficult to speculate about selenium 
intake in a frail older nursing and residential home popu-
lation, it is known that low serum selenium regardless of 
intake is directly associated with greater age, poor health 
and general frailty among older people  [43] . Nonetheless, 
the observation that improvement of selenium status was 
associated with improvement in depression score sug-
gests that serum selenium is an insensitive marker of se-
lenium status in nervous tissue. The supplementation of 
older people with selenium has resulted in reduced plas-
ma thyroxine (T4), suggesting improved conversion to 
the active thyroid hormone T3  [44] . Whilst our patients 
had normal thyroid function at baseline, we did not as-
sess any alteration that may have occurred during sele-
nium supplementation. It is therefore difficult to dismiss 
Sher’s hypothesis that ‘the effect of selenium deprivation 
on mood … might therefore be partly mediated by chang-
es induced by selenium deficiency in thyroid function’ 
 [45] .

  Effect of Micronutrient Supplementation on Mood 
 After 8 weeks of active supplementation, there was a 

trend towards a significant increase in positive affect, i.e. 
a reduction in HAD depression scores and statistically 
significant improvement in HAD depression scores 
among those people who were depressed at baseline and 
had an associated significant improvement in serum se-
lenium levels. This effect was not reflected in the MADRS 
scores. There was no reduction in anxiety scores within 
HAD, despite the apparent comorbidity of anxiety and 

depression in the sample. The MADRS, as well as the 
HAD anxiety items tend to assess negative affect whereas 
the depression score on the HAD depression scale re-
flects an absence of positive affect or anhedonic state, 
which is a presentation of depression, more typically seen 
among older people  [46] .

  Whilst it is possible that a longer duration of study may 
have shown further alterations in mood or a positive as-
sociation with other micronutrients, a time period of 8 
weeks was chosen to ensure that morbidity and mortality 
in this frail population did not significantly decrease 
numbers. Seasonal variability also impacts on mood and 
therefore the research needed to be carried out in the 
same season. Other studies where mood has been affect-
ed by micronutrients have also had durations of 4–8 
weeks.

  The most important findings from this study were the 
association of low positive affect with relatively low levels 
of selenium and the significant improvements in mood 
after 8 weeks of active supplementation with a measur-
able increase in serum selenium. Whether this trend to-
wards improvement in HAD depression scores in the 
supplemented group was due to the improvement in sele-
nium levels, can only be speculated. 

  Study Limitations 
 There was an unsystematic loss of subjects at end-

points from the active treatment group. Return visits to 
two of the homes were impossible and there was, as is 
often found in studies of older frail individuals, a num-
ber of subjects unable to complete studies due to acute 
illness or increase in frailty. Those who completed the 
treatment in the active treatment group were apparently 
more depressed and anxious than those in the placebo 
group, although the differences were not statistically sig-
nificant. 

  Conclusions 

 Our study shows a high level of psychiatric morbidity 
within residential and nursing home residents. It sug-
gests that selenium may be particularly implicated in im-
provement of mood in frail older people. Further re-
search in a longitudinal placebo controlled study looking 
at individual substances, such as selenium, thiamine and 
zinc, as well as a specific study of selenium administra-
tion and its effects on serum thyroxine should be con-
ducted. If depression is as common in nursing home res-
idents as suggested, particularly when using the HAD 
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depression score, it is likely that some individuals would 
benefit from anti-depressant therapy. There is no evi-
dence whether micronutrient coadministration with an-
tidepressants may act in a synergistic fashion and there-
fore the role of micronutrient coadministration with an-
tidepressants requires further research. Whilst depres-

sion and dementia in nursing home residents is well 
documented and researched, prevalence of anxiety found 
in our sample suggests that further research in the diag-
nosis and potential management of this condition is re-
quired.
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