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Introduction

Abstract

Depression is less prevalent among older adults than among younger adults but can have serious consequences. Overeating, inac-
tivity, and obesity have emerged as new challenges in manifestation of depressive symptoms. To study the influence of excess calorie 
intake and physical activity level on depression of a randomized human male population in urbanized areas of West Bengal, India, the 
present cohort study was carried out with 357 young (30.13 ± 0.24 yr) and 287 aged (58.62 ± 0.29 yr) subjects. Participants’ socio-
economic status (according to Kuppuswamy’s socio-economic scale), health status (as per health assessment questionnaire; HAQ), 
calorie and micronutrient consumption (considering Diet Survey - Three 24h Recall), depression level (using CES-D scale) and physi-
cal activity level (PAL) (as per questionnaire) were assessed. No significant differences in depression level was found between At 
Par (AP) and Excess Calorie (CE) consuming subjects of young and aged groups. However the percent population of depressed aged 
subjects consuming CE diet was significantly higher compared to young of the same calorie consuming group. High PAL effectively 
masked the occurrence of depression in the CE diet-consuming aged subjects compared to CE diet consuming young with high PAL. 
The present study suggests that CE diet in the aged, unlike AP calorie diet, increases the percent population of depressed subjects. 
Young subjects do not exhibit any significant difference in depressive outcome when on CE diet compared to their AP calorie consum-
ing counterpart. Further, High PAL masks the excess calorie- induced depressive symptoms in aged subjects. 
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WE live in an aging society. In the next 30 years, there will be a 
rise in elderly population of up to 300% in Asia and Latin America 
[1,2]. Aging refers to a deterioration of multidimensional process-
es in humans, at the level of Physiological, Biochemical and even 
social [3]. Increased longevity is associated with an increase in 
multiple chronic conditions that sometimes translate into func-
tional disability and need for assistance [4]. The extra years can 
be marked by declining health, reduced mobility, depression, isola-
tion, and loneliness [5] Health and functioning of older adults are 
influenced by many factors other than biological senescence. De-
mographic, social, and environmental factors, including physical 
activity and dietary habits, play a major role. Fortunately, many of 
these societal factors are amenable to public health interventions 
and programs [6]. Among the most important self-care behaviors 
are those that involve physical activity and diet. In view of the rap-
id growth of aged population continued good health of the elderly 
population is a major challenge to public health [7].

In many past studies the success of the efforts at health promo-
tion has been measured in terms of lower mortality rates or re-
duced disease risk. There is increasing concern that these classic 
medical endpoints (mortality and morbidity) may not adequately 
represent functional impairments and disabilities during the later 
years of life. Increasingly, health is viewed as not only the absence 
of infirmity and disease but also as a state of physical, mental, and 
social well-being [8,9]. Much progress has been made in estab-
lishing a broader conceptual framework of health status for older 
adults [10]. Health-related quality of life (HRQL), a relatively new 
concept, expands the morbidity- and mortality-based definition of 
health to include a personal sense of physical and mental health, 
social functioning, and emotional well-being. Other and more glob-
al measures of quality of life are even more inclusive, taking overall 
life satisfaction and happiness into account [11,12]. Quality-of-life 
measures permit researchers to compare the status of different 
groups over time and assess the effectiveness of public health in-
terventions and programs [4]. 
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Materials and Methods
Subjects

Of many factors, sleep disturbance, consisting of inadequate 
sleep and sleep deprivation are common among the aged, which 
often leads to manic and depressive episodes [13]. Depression is 
more typically thought of as strictly biochemical-based or emo-
tionally-rooted. On the contrary, nutrition can play a key role in 
the onset as well as severity and duration of depression. Many of 
the easily noticeable food patterns that precede depression are the 
same as those that occur during depression. These may include 
poor appetite, skipping meals, and a dominant desire for sweet 
foods [14]. It has been reported that young adults (18-29yrs) are 
more vulnerable to depression and the number has been shown to 
be positively correlated to the level of education [15]. It has also 
been shown that a high proportion of community-dwelling elderly 
persons suffer from significant symptoms of depression [16]. Oth-
er than sleep, diet and exercise are important influences on devel-
opment, progression and treatment of depression [17]. The work 
of Anders Abildgaard., et al. [18] have suggested from their study 
on rats with a genetic model of depression that metabolic stress 
induced by high calorie intake/high fat diet developed aberrant 
behaviors related to depression. Depression maintains a correla-
tion with physical activity levels. The work of Camacho., et al. 1991 
have shown that adjustments for physical health, socioeconomic 
status, life events, social supports, and other health habits do not 
affect the association appreciably [19]. A significant number of 
studies examining the relation between calorie intake and obesity 
[20] make it logical to view calorie (excess) consumption as a pre-
dictor of obesity. However the propensity to obesity (higher BMI) 
among individuals with depression is also sometimes observed in 
patients who live in apparently-supportive environments and who 
have not been treated with psychotropic drugs that are recognized 
as promoting obesity [21]. Bidirectional associations have been 
reported from a meta-analysis of longitudinal studies [21] where 
it has been found that obesity increased the risk of depression by 
55% and depression increased the risk of becoming obese by 58%. 

Nutrition is an important determinant of health in elderly [22]. 
Malnutrition is both a cause and a consequence of ill health [23]. It 
can be of various types: undernutrition, overnutrition, or specific 
nutrient-related deficiencies. Malnutrition in older individuals is 
regularly underdiagnosed [24].

The data on the efficacy of exercise as an intervention for Ma-
jor Depressive Disorder (MDD) and bipolar disorder have yielded 
effect sizes comparable to medications [25]. Preliminary research 
also reports the benefits of exercise augmentation strategies add-
ed to cognitive-behavioral therapy for anxiety disorders or treat-
ment as usual for depression [26].

Very few studies have explored the interrelationships among 
dietary measures, physical activity variables, and quality-of-life in 
older adults or the nature of the intervening variables. The aim of 

the present study is to assess the mental health (depression level) 
of an aged population sampled from an urban and suburban areas 
of the state of West Bengal, who belong to lower- middle and up-
per- lower [27,28] classes and happened to be exposed to variable 
micronutrient deficiency. The study further aims to examine the ef-
fects of intervention of excess calorie consumption and physical ac-
tivity on depression. The novelty of the study lies in the method of 
random sampling of subjects of a definite socioeconomic class from 
within a population consuming differential calorie, having different 
PAL and includes both young and aged for comparison. In addition, 
the entire study population is exposed to micronutrient deficiency, 
the impact of which on mental health is undetermined. 

In the present investigation human male subjects were selected 
from the district of Kolkata and suburbs in the state of West Ben-
gal, India. The work was initiated with a total randomized sample 
population of 1032 human male subjects belonging to either Low-
er-middle or Upper-lower class, as assessed according to Kuppus-
wamy’s socio-economic scale [27,28]. 

The diagrammatic representation (Figure 1) explains the flow 
of participants during the work. The present study has been carried 
out with only at par (AP) and excess calorie (CE) consuming above 
mentioned subjects under prevailing micronutrient deficiency as 
evaluated using dietary survey [29-31]. Accordingly the working 
sample size has been reduced to 644 (N) from 1032 out of which 
357 were young (20 -35 years) and 287 were aged (55 -70 years). 
The individuals considered in this study were free from any ad-
diction (self- reported). The health status assessed by the Health 
Assessment Questionnaire (HAQ) [32] of the subjects considered 
in the study did not reflect any disability or morbidity. Subjects 
were selected from groups of morning walker, free health check-
up camps, construction site, market place, academic institution etc. 

General procedure
The subjects were interviewed in a very planned manner. Con-

sent were taken either earlier from the subjects (as for morning 
walkers) with subsequent fixing of date and time of interview or 
similar arrangements were made with institutions, local clubs pro-
viding health check-up facilities to local low-income people, or the 
head of a community in the village. In all instances the subjects 
were briefed about what they were required to do and how. Rejec-
tion rate to comply with the interview process varied between 5 to 
25% depending on the subjects’ pre - occupation. 

Calorie consumption
The calorie consumption by individual subject was assessed 

from the estimation of food and nutrient intake, i.e. Diet Survey. The 

Assessment
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Demographic characteristics, calorie intake and BMI were ex-
pressed as mean ± SEM. The numerical differences with respect to 
BMI and calorie intake were calculated using student’s t-test [36]. 
Significance of difference of depression between relevant groups 
with respect to age, calorie intake and physical activity level (PAL) 
were calculated using one-way analyses of variance (ANOVA) fol-
lowed by post-hoc Tukey’s HSD test [37]. Qualitative differences of 
depression status with respect to age, calorie intake and PAL were 
calculated by using binomial logistic regression analysis [38]. 

Binomial logistic regression analysis was used to evaluate the 
influence of age, calorie intake and PAL on the results of depres-
sion status. Test results were used as response variables whereas 
age, calorie intake and PAL were used as predictors in the logistic 
regression models. 

Linear correlation coefficients were calculated between age/
calorie consumption/physical activity level and depression. In all 
cases differences were considered significant if p<0.05. All statisti-
cal analyses were done using SPSS (SPSS Version 20.0, SPSS Inc., 
Chicago, IL). 

Results

Statistical analysis

The depressive status of the experimental human subjects was 
measured by using The Center for Epidemiological Studies-De-
pression Scale (CES-D) as described by Radloff [33]. The scale, in 
the form of a questionnaire was asked among the studied subjects 
and the same were classified as non-depressed and depressed 
individuals from the score of the CES-D Scale. The subjects were 
given a set of behavioral queries that they were required to grade. 
Scoring was done from the grades and the scale assigned those 
subjects as non-depressed whose score was between the range of 
0 to 15 and those score equal to or greater than 16, was considered 
as depressed individuals [33]. The CES-D is intended to be com-
pleted independently by the subject. 

Depression status 

Figure 2 describes the demographic characteristics and calorie 
intake of young and aged human male subjects who participated 
in the present study. The subjects in each age group were catego-
rized as At Par (AP) and Excess Calorie (CE) based on their calorie 
consumption. Percent population of each calorie category is given 
in parenthesis. The mean BMI of young and aged subjects on CE 
diet is significantly (p<0.001) higher than that of the correspond-
ing AP calorie consuming subjects. Mean calorie consumption of AP 
subjects significantly (p<0.001) differs from the mean calorie value 
consumed by the subjects in the CE category and it holds for both 
young and aged subjects. 

Diet Survey was carried out following three 24h Recall Method as 
described by Gibson and Ferguson [29,31], and validated by Yun-
sheng., et al. [30].

Figure 1: Flow of subjects through the study. Number in 
 the parenthesis indicates sample size in respective category.

Physical activity level (PAL) was assessed by following the stan-
dard questionnaire where the subjects’ self-reported average daily 
activities in 24 hr were recorded and then the average energy ex-
penditure of each individual in performing the different activities 
for 24 hour was calculated following the method as described by 
Bharathi., et al [34]. The method followed was by factorial estima-
tion of total energy expenditure and physical activity level [35].

Physical activity level (PAL)

Figure 2: Demographic characteristics and  
Calorie intake of the participants.
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Table 1 shows the average amount of micronutrient available 
in the diet consumed by the same study population as shown in 
Figure 2. Dietary micronutrient analysis reflects a prevalence of 
deficiency of certain micronutrient and vitamin such as Ca2+, Zn2+, 

riboflavin (B2), pyridoxine (B6) and cobalamin (B12) (p<0.05) in the 
whole study population compared to their recommended dietary 
allowance (RDA) [39]. 

Figure 3 shows that among the young (n=163) with AP calorie 
diet 71.78% were not-depressed and 28.22% were depressed. In 
the same age group but on CE diet, 64.95% out of 194 subjects 
were not-depressed and 35.05% were depressed. The results (Fig-
ure 3) also revealed that no significant difference (p>0.05) were 
observed in term of change in percent population of depressed and 

not-depressed individuals when compared between young AP and 
young CE and aged AP and aged CE. Of all the groups studied, only 
significant (p<0.001) difference in the percent population change 
of depressed (48.67%) and not-depressed (26.27%) subjects were 
seen between young CE and aged CE. 

Number within parenthesis represents number of subjects in respective groups. Y represents Young; A represents Aged; AP indicates 
At Par, CE indicates Calorie Excess (> 30% of calorie requirement); NDep represents not-depressed, Dep represents depressed.  

Figure 3: Effect of Excess Calorie consumption on Depression status.

 Micronutrients Dietary intake of micronutrients Dietary Reference Intakes (DRIs): 
Estimated Average Requirements*

Calcium (mg/d) 478.03 ± 21.10 800.0
Iron (mg/g) 24.35 ± 1.30 6.0
Zinc (mg/d) 6.54 ± 0.46 9.4
Magnesium (mg/d) 446.50 ± 29.88 350.0
Vitamin C (mg/d) 93.90 ± 5.65 75.0
Thiamine (B1) (mg/d) 1.53 ± 0.09 1.0
Riboflavin (B2) (mg/d) 0.79 ± 0.03 1.1
Niacin (B3) (mg/d) 21.84 ± 1.45 12.0
Pyridoxine(B6) (mg/d) - 1.4
Cobalamin (B12) (µg/d) - 2.0

Table 1: Micronutrient consumption status of study population
Results expressed as mean ± SEM of observed number of subjects in the present study.
*Sources: Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride (1997); 
Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B

6
, Folate, Vitamin B

12
, Pantothenic Acid, Bio-

tin, and Choline (1998); Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); 
Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, 
Molybdenum, Nickel, Silicon, Vanadium, and Zinc (2001); Dietary Reference Intakes for Energy, Carbohydrate, 
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (2002/2005); and Dietary Reference Intakes for 
Calcium and Vitamin D (2011). These reports may be accessed via www.nap.edu.
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It is evident from Figure 4(a) that out of 101 young subjects 
having AP calorie diet with high PAL 92.08% were not-depressed 
and 7.92% were depressed in comparison to 38.71% and 61.29% 
not-depressed and depressed respectively out of 62 subjects in the 
same age and calorie group but with low PAL. Thus, the results re-
veal that the change in per cent population of not-depressed young 
subjects having AP calorie diet with low PAL was significantly low-
er (57.96%; p<0.001) in comparison to that observed in the young 
AP calorie group but with high PAL; while that of young depressed 
subjects having AP calorie diet with low PAL was significantly 
higher (673.86%; p<0.001) compared to young AP subjects with 
high PAL. Results of Figure-4(b) show that out of 115 aged subjects 
in the AP calorie group with high PAL, 93.91% were not-depressed 
and 6.09% were depressed but with low PAL out of 101 subjects, 
36.63% were not-depressed and 63.37% were depressed in the 
same age and calorie group. Thus among aged having AP calorie 
diet and with low PAL a significant decrease (60.99%; p< 0.001) 
in not-depressed population and a significant increase (940.56%, 
p<0.001) in depressed population were observed compared to 
their high PAL counterpart.

When depression status of aged subjects on AP calorie diet with 
high PAL was compared to their young counterpart no significant 
difference (p>0.05) in percent population either of depressed or of 
not-depressed subjects was observed. Also, when young subjects 
on AP calorie diet but with low PAL were compared to their cor-
responding aged populations, aged subjects on AP calorie diet with 
low PAL showed no significant change (p>0.05) in percent popula-
tion either of depressed or of not-depressed subjects. Again, when 
young and aged subjects on AP calorie diet but with low PAL were 
compared to their corresponding aged and young populations 
with high PAL, young subjects on AP calorie diet with low PAL 
showed significantly higher (906.40% p<0.001) depressed popu-
lation compared to the aged subjects on AP calorie diet with high 
PAL; while aged subjects on AP calorie diet with low PAL exhibited 
significantly higher (700.13% ; p<0.001) depressed population 
compared to young subjects on AP calorie diet but with high PAL.

When both young and aged subjects were on CE diet and with 
low PAL [Figure 4 (a) and (b)] they both exhibited greater percent-
age of depressed population (young = 64.20%, aged=70.83%). 
Figure 4 (a) and (b) further reveals that excess calorie consum-

ing young subjects with low PAL showed significantly higher 
(392.33%; p<0.001) depressed population compared to aged high 
PAL subjects in the same calorie group. Results also revealed [Fig-
ure 4(a) and (b)] that excess calorie consuming aged subjects with 
low PAL showed a significant increase (400.21%; p<0.001) in de-
pressed population when compared with young subjects in same 
calorie group but with high PAL.

Figure 4(a) also shows that out of 113 subjects in the young CE 
diet consuming group with high PAL 85.84% were not-depressed 
and 14.16% were depressed, however among subjects in the 
same age and calorie group but with low PAL 35.80% were not-
depressed and 64.20% were depressed. The percent population of 
not-depressed young subjects on CE diet with low PAL was signifi-
cantly decreased (58.29%; p<0.001) and that of depressed popu-
lation was significantly increased (353.39%; p<0.001) compared 
to young subjects on CE diet and with high PAL. Results [Figure 4 
(b)] reveals that of out 23 aged subjects on CE diet and with high 
PAL 86.96% and 13.04% were categorized as not-depressed and 
depressed respectively. Again out of 48 aged subjects on CE diet 
but with low PAL the not-depressed and depressed populations 
were found to be 29.17% and 70.83% respectively [Figure 4 (b)]. 
Results also reveals that among aged consuming CE diet, low PAL 
significantly decreased (66.45%, p<0.001) not-depressed popu-
lation while significantly increased (443.17%; p<0.001) the de-
pressed population compared to population of the same age and 
calorie group but with high PAL. No significant differences (p>0.05) 
in not-depressed and depressed populations were noted between 
young and aged subjects consuming CE diet and with high PAL [Fig-
ure 4 (b)]. Similarly CE diet consuming aged subjects with low PAL 
showed no significant change (p> 0.05) in not-depressed and de-
pressed populations [Figure 4(a) and (b)] compared to their young 
counterparts. CE diet consuming young subjects with low PAL 
showed significant decrease (58.83%; p<0.001) in not-depressed 
and significant increase (392.33%; p<0.001) in depressed popula-
tions [Figure 4 (a) and (b)] when compared with aged subjects in 
the same calorie group but with high PAL. Conversely, when aged 
subjects on CE diet and with low PAL were compared to young sub-
jects in the same calorie group but with high PAL, the aged subjects 
showed significantly lower (66.02%; p<0.001) not-depressed pop-
ulations while depressed populations were significantly increased 
(400.21%; p<0.001).
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Number within parenthesis represents number of (a) Young subjects and (b) Aged subjects in respective groups. 
Y represents Young; A represents Aged; AP indicates At Par, CE indicates Calorie Excess (> 30% of calorie requirement); HPAL indi-

cates High PAL, LPAL indicates Low PAL and NDep represents not-depressed, Dep represents depressed. 

Figure 4: Effect of PAL on CE-induced changes in Depression of (a) Young and (b) Aged subjects.

Results of logistic regression analysis (Table 2) reveals that 
excess calorie intake and aging had no significant effect on the 
outcome of occurrence of depression, however PAL affected the 
outcome of occurrence of depression in a negative manner (i.e., 
number of depressed subjects decreased with high PAL). In ad-
dition, PAL was identified as a stronger predictor of depression. 
In the present models chi square had 3 degrees of freedom, a val-
ue of 216.747 and p < 0.001 for depression (Table 2) indicating 
that the models had a poor fit, with the models containing only 
the constant suggesting that the predictors had a significant ef-
fect and created essentially a different model. Well-fitting models 
showed non-significance on the H-L goodness-of-fit test [38]. This 
desirable outcome of non-significance indicated that the model 
prediction did not significantly differ from the observed results 
(Table 2). In the present analysis H-L statistic had the significance 
of 0.307 for depression (Table 2) which indicated statistically not 
significant and therefore the present models were quite good fit. 
Nagelkerke’s pseudo R2 value of 0.394 (Table 2) for depression in-

Independent  
variables

Dependent variable
Depression

Risk factors B SE OR CI
p 

value
Age -0.002 0.007 0.998 0.983,1.012 >0.05
Calorie intake 0.0001 0.0001 1.000 1.000,1.001 >0.05
PAL -2.782 0.219 0.062 0.040,0.095 <0.001
Nagelkerke’s pseudo R2: 0.394 
Model X2: 216.747, df = 3, p<0.001
H & L Test: p = 0.30
N = 644

Table 2: Logistic regression analysis of the effects of age, calorie 
intake and PAL on Depression of human male subjects.

B: Regression Coefficient; SE: Standard Error; OR: Odds Ratio; CI: 
Confidence Interval; PAL: Physical Activity Level; H & L: Hosmer 
and Lemeshow; N: Study Population.
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dicated a weak relationship of 39.4% between predictors and pre-
diction of depression. Age and calorie intake showed no significant 
effect on depression status; whereas, increase in PAL significantly 
decreased the likelihood of being depressed among both the young 
and aged population.

The assumption that aging is associated with an increased risk 
of depression is a recurring theme in the gerontological literature. 
Yet empirical studies that have investigated the relation between 
aging and depression do not show consistent support for this as-
sumption or hypothesis. Indeed, some investigators contend that 
the thrust of empirical evidence favors a view of elderly persons 
as relatively immune from depression, at least in contrast to their 
younger adult counterparts. Diverse measurement approaches, 
coupled with flaws in design and analysis, make it difficult to draw 
any definitive conclusions regarding the age-depression relation 
[40]. The question remains: why are not all elderly persons suf-
fering from depression? The answer may lie in the interaction of 
environment, life stresses, and the internal adaptive capacities 
of the individual [41]. Applying a developmental perspective on 
biological change, psychological adaptation, and stress processes 
throughout adulthood shows that risk for depression onset in 
young adults is typified more through psychological vulnerability 
and stress, as well as genetic factors, while risk for depression in 
older adults typified more through comorbid medical and neuro-
logical disorder [42]. 

The present study includes subjects who belong to lower mid-
dle (III) and upper lower (IV) socio economic class [27,28]. Signifi-
cantly (p<0.05) higher percentage of carbohydrate content of food 
consumed by the entire study population compounded with defi-
ciency of micronutrients faithfully validate their self- reported eco-
nomic status. The study has also found that, significant (p<0.001) 
excess energy consumed by the young and aged subjects in the 
CE category compared to their AP counterparts, accounts for the 
difference in total carbohydrate intake. Reports on correlation 
between excess calorie consumption and depression are scanty. 
However, association of obesity with depression has been reported 
in a number of earlier studies [43-45]. 

In the present study significant decrease (p< 0.05) in the per-
cent population of excess calorie consuming not-depressed aged 
subjects compared to their young counterparts and significant in-
crease in the percent population of depressed aged subjects on CE 
diet with respect to the young CE subjects (Figure 3) suggest that 
excess calorie intake in aged probably induces depressive symp-
toms. Though the exact mechanism of induction of depression by 
excess calorie consumption in the aged is not known, explanation 
of the effect is rather an extrapolation of various mechanisms 
described in available literature [46]. In this context the effect of 

Discussion

calorie restriction on depression is of utmost importance which 
may help to explain the relation of depression with intake of excess 
calorie. Available reports describing relation between obesity and 
depression state that obesity is the consequence of sustained posi-
tive energy balance over time [47]. The factors that influence en-
ergy balance can be considered as relating to the host (i.e., people), 
the environment (the set of external factors to which people are 
exposed) and the vector (food and drink). These factors interact in 
a complex way to influence eating and drinking patterns as well as 
behavioral activity [48].

People affected by obesity are often self-conscious about their 
appearance or their physical abilities. They withdraw or are ex-
cluded from social activities. They find themselves feeling more 
isolated from friends, co-workers and loved ones. All the while, 
their feelings of self-worth continue to fall. Similarly, depression is 
debilitating, and someone suffering from it may be less motivated 
to exercise, less able to follow a diet closely, less able to take the 
time to prepare healthy foods versus grabbing something fast, and 
less convinced that taking care of their health is a good use of time. 
All these feelings develop from Stigma and discrimination toward 
obese leading to numerous consequences for their psychological 
and physical health [49].

The root cause of expression of depressive behavior by both the 
young and the aged participants of the present study is difficult to 
reveal. Though all the subjects identified to be deficient in proteins, 
essential vitamins, minerals and to some extent lipids, still all of 
them are not equally affected from depression. This is because fac-
tors that influence nutrition can be considered as relating to the 
host (i.e., people), the environment (the set of external factors to 
which people are exposed) and the vector (food and drink) [48]. 
Moreover very low quantity of essential amino acids in the diet of 
the study population is more likely. Lack of balanced diet with as-
sociated poor absorption due to aging may precipitate depression. 
The essential amino acids tyrosine and tryptophan are the raw 
ingredients for synthesis of dopamine and serotonin [50,51] and 
low levels of these two neurotransmitters are linked with depres-
sion. According to Marcus and Berry [52] depression in the aged 
may relate to physiologic changes associated with aging, such as 
dementia. They also find medical, social, and environmental issues 
as causative factors.

Physical inactivity is a modifiable risk factor for various life style 
diseases including depression [53]. Adults with Major Depressive 
Disorder (MDD) engage in low levels of physical activity (PA) and 
high levels of sedentary behavior (SB). PA and SB are independent 
predictors of mortality [54]. Controversy continues if depression 
leads to over eating (Binge eating) or the reverse.
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Results of the present study [Figure 4(a) and (b)] also show 
that high PAL compared to low PAL decreases depressed popula-
tion and increases not depressed population irrespective of age 
and calorie intake. In this context an interesting study report on 
Indian population with 14227 male and female subjects [55] re-
veals that the prevalence of inactivity (54.4% males) is higher than 
that of all other modifiable risk factors. Routine Moderate physical 
activity level is associated with improved psychological well-being 
probably through reduced stress, anxiety and depression [56].

 
The present findings of goodness-of-fit test (Table 2) may fur-

ther suggest by reconfirming using Pearson correlation statistical 
analysis [57] which determines the association of independent 
variable with the dependent variable (depression) (a) a correla-
tion between depression and (i) aging r(642)= 0.047, p>0.05; (ii) 
calorie intake r(642)= -0.078 p<0.05; and (iii) PAL r(642)= 0.562 
p<0.001 (Table 3), (b) association of depression with aging (0.047) 
and calorie intake (-0.078) are weak and that with PAL (0.562) is 
moderate (Table 3) and (c) association between depression and 
aging or PAL is positive but with calorie intake the association is 
negative. 

While the importance of lifestyle factors such as diet and physi-
cal activity level are generally acknowledged in the research litera-
ture on depression, the mechanisms of their potential influence are 
often not fully appreciated. Sleep, not taken as a parameter in the 
present study, can also influence several physiological pathways 
associated with depression. A bi-directional relationship likely ex-
ists between depression and these lifestyle factors, thereby creat-
ing a potentially increasing cycle of influence. 

The importance of these lifestyle factors has been highlighted 
in a recent paper by Jacka., et al. [58] who argued that depres-
sion should be included under the umbrella of non-communicable 
diseases influenced by lifestyle factors, with increasing efforts 
directed toward prevention through the promotion of lifestyle 
changes. While these lifestyle factors are significant in the etiol-
ogy and maintenance of depression, a multitude of other lifestyle 
influences may also be important. These include chronic stress, so-
cial influences, mental and physical effects associated with medical 

diseases and even chronic pain. It is these influences, plus a large 
array of psychological, genetic and biological factors that often 
make the treatment of depression difficult. The present study is be-
lieved to add to the existing knowledge on mental health problems 
of people in a part of eastern India with micronutrient deficiency 
that belong to lower socioeconomic class and the outcome of in-
tervention of variable calorie intake and physical activity. Finally 
a limitation associated with the present study is that significant 
portions are correlational and/or epidemiological, thereby limiting 
conclusions about causation.

It may be concluded from the present study (Figure 5) that 
(1) Consumption of CE diet by the aged, unlike AP calorie diet, in-
creases the percent population of depressed subjects; (2) Young 
subjects do not exhibit any significant difference in depressive out-
come when on CE diet as compared to AP calorie consumption; 
(3) High PAL, unlike low PAL, masks the excess calorie-induced 
depressive symptoms among aged subjects.

Conclusion 

Figure 5: Schematic presentation of the influence of aging,  
excess calorie intake, and physical activity on depression.
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