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ABSTR AC T
Background: Stress is an acknowledged part of normal aging. Lifestyle choices can influence age-related declines in cognition. It has been 
discovered that caloric restriction protects aging processes and downregulates normal aging by lowering stress. This study assessed 
the effects of caloric restriction (CR) and physical activity (PA) on age-related cognitive changes. Methods: From the low-income and 
middle-income healthy population, 236 males with ages ranging from 20 to 35 years and 300 males with ages ranging from 55 to 
70 years were selected. Information was obtained about socioeconomic status, health status, physical activity level (PAL), cognitive 
function as assessed by the Mini-Cog and 6 CIT, and calorie intake through the completion of questionnaires. Results:  When comparing 
the elderly group to the younger members of the same calorie group, the AP diet (at-par i.e. diet consumed in an amount equal to the 
energy needed for 24 hours) reduced cognitive function. The CR diet enhanced the patients’ cognitive abilities more in the younger 
group than in the older one. Regardless of age or caloric intake, subjects’ cognition was positively affected by high PAL relative to low 
PAL. Conclusion: (a) Both young people on a CR diet and elderly people on an AP diet have enhanced cognitive capacities. (b) Regardless 
of calorie consumption, high PAL, as opposed to low PAL, improves cognition in both young and old populations.
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INTRODUC TION
It is well recognized that one of the main health hazards 
of aging societies is impaired cognitive function1. The 
problems related to aging-induced cognitive decline 
have been addressed earlier by several researchers2. The 
updated information confirms that our cognitive capacity 
deteriorates with age.3 Memory is the cognitive function that 
deteriorates the most.4,5 It is still unclear if learning ability 
and cognitive decline may be restored, given the impact of 
aging on cognitive impairment. Many variables contribute 
to age-related cognitive deterioration.  Some of these 
include things like personality6, lifestyle7, health8, cognitive 
style9, and educational level10. Cognitive impairment is 
also known to be caused by worry, anxiety, or sadness11,12. 
Research has demonstrated that Caloric restriction (CR) 
can enhance resistance to age-related neurotoxicity and 
neurodegeneration in animals13. CR involves subjecting the 
organism to a low level of stress (hormetic), which may, in 
turn, trigger stress responses that offer protection against 
various aging processes14. The successful maintenance of 
cognitive abilities and cognitive skills with age depends on 
several conditions: the absence of diseases leading to loss 
of autonomy, the practice and maintenance of cognitive 
and physical activities15, adequate sleep16,17, abstinence 
from smoking and excessive alcohol consumption18,19, a 
socially active lifestyle20, and a healthy diet21. Because diet 
is modifiable, it is of interest to what extent dietary factors 
cause adverse cognitive outcomes in old age. The possible 
beneficial (protective or delaying) role of several members 
of the vitamin B-complex family22,23 and antioxidants24,25 

on aging-related cognitive decline have been discussed in 
literature along with the risk and benefit of chronic alcohol 
consumption26 and intake of CR diet27 respectively. In 
experimental animals, caloric restriction slows the normal 
aging process28 and lowers the production of beta-amyloid 
plaques29,30. Numerous studies published in the last 30 
years suggest that some lifestyle decisions, such as eating 
a low-calorie or CR diet and consuming specific micro- and 
macronutrients, like unsaturated fatty acids (UFA), may 
benefit the aging brain31-33. Long-term studies in humans 
have shown that following dietary CR can promote healthy 
aging and longer life.34,35 It is evident from animal studies 
that increased physical activity could lead to a perceived 
enhancement in cognitive function in behavioral tasks 
like the Morris water maze36. The current study’s goal is to 
assess how caloric restriction affects age-related cognitive 
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deterioration in individuals. Further, the study investigates if 
physical activity potentiates the effect, if any, of CR on ageing-
induced natural decline of cognition in young (20–35 years) 
and aged (55–70 years) male subjects.

METHODS AND MATERIALS

Ethical Clearance of the Study
The work has been carried out with appropriate ethical 
sanction from the Institutional Ethics Committee for Human 
Research of the Department of Physiology, University of 
Kalyani [Ref No. KU/IEC (H)/1/10/2023-24].

Subjects 
The Indian state of West Bengal served as the study’s location. 
After screening a total of 672 people, 536 men (236 young 
and 300 aged) were chosen as the sample population (Figure 
1). The young people’s age range was 20 to 35 years, and 
the senior people’s age range was 55 to 70 years. According 
to their self-report, none of the study participants had a 
history of addiction. There were no signs of morbidity or 
disability in the study individuals’ health status. The Health 
Assessment Questionnaire (HAQ) was used to evaluate the 
state of health37. The study participants were selected from 
among those who go for morning walks and also from free 
health check-up camps, construction sites, marketplaces, 
and educational institutions, among other places. According 
to Kuppuswamy’s Socio-economic scale38, the entire study 
population, as evaluated, belonged to the Middle-Education 
Low Income group.

General Procedure
Subject interviews were always scheduled in advance. 
Either the interview day and time were fixed or comparable 
preparations were made, or the participants’ assent was 
acquired in advance (like with morning walkers), with 
institutions, neighborhood clubs that offered free health 
checkups to the locals, or the village chief. Without a set 
program, participants were chosen at random for interviews 
at a marketplace during business hours. In each instance, 
the individuals were told what they had to do and how to 
execute it. Depending on the respondents’ priorities, the 
rejection rate for participating in the interview procedure 
ranged from 3 to 28%. Except for the mini-cog test, which 
required active participation from the subjects, all other 
data on the subjects’ calorie intake, health, socioeconomic 
position, physical activity level (PAL), and cognitive function 
as assessed by the 6-item Cognitive Impairment Test were 
collected, by having them complete questionnaires that 
were administered by interviewers with training. The subjects 
provided only passive answers to the questions (Figure 2). 
The procedure was designed by skilled interviewers to take 
15 to 20 minutes to gather information from a single person. 
Based on the data from their voter ID, male subjects from the 
state of West Bengal were split into two age groups for the 
current study: young (20–35 years old) and old (55–70 years 

old). After the 24-hour Dietary Recall method described in 
this section was used for assessment, individuals of both ages 
were split into two calorie groups. A questionnaire method 
was used to assess each subject’s activities over 24 hours, 
and the physical activity level (PAL) was computed. Using 
the previously mentioned established methods (Mini-Cog 
and 6CIT), individuals were classed as either demented or 
not-demented.  The current investigation was conducted in 
three stages to assess the experimental individuals’ cognitive 
condition. Data collection from fieldwork, which included 
interviewing study participants, was the first phase. In the 
second phase, subjects were grouped based on their level 
of cognitive function, age, PAL, and calorie intake (Figure 2). 
Using the proper statistical techniques, all of the primary data 
were arranged and examined in the third step.

Evaluation of Energy Consumption 
The estimate of food and nutrient intake, or Diet Survey, was 
used to determine each subject’s calorie consumption. The 
three-24-hour recall method, as outlined by Gibson et al.39 
and verified by Maet al.40, was used to conduct the diet survey.

Figure 1: Protocol for subject selection

Figure 2: Experimental design and parameters studied. CR = Calorie 
Restricted, CF = Cognitive Function, PAL = Physical Activity Level, MC = 

Mini-Cog, 6CIT = 6-Item Cognitive Impairment Test



Impact of CR & Physical Activity on Male Cognition

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 1 (2025)20

AP indicates an at-par diet (as per calorie requirement); The 
average calorie requirement of young and aged groups are 
2618 ± 19.98 and 2337 ± 15.92 kcal, respectively.
CR indicates a calorie-restricted diet (<20% of calorie 
requirement); The average calorie requirement of young 
and aged groups are 2677 ± 22.20 and 2480 ± 19.09 kcal, 
respectively. 

Assessment of Cognitive Function
Mini-Cog: The Borson et al. technique41 was followed to 
conduct the qualitative evaluation of cognitive function, 
whether it was demented or not. To put it briefly, the 
interviewer had given each respondent a 3-word sentence 
that was unconnected to each other. For various subjects, 
different word phrases were used. The individual was 
instructed to draw a clock face and indicate the time 
by sketching the clock’s two hands as soon as the three 
unrelated word phrases were given to them. The interviewer 
provided the precise time to be put. The individual was 
instructed to recall the three unrelated word phrases as soon 
as he finished the clock drawing test (CDT). Based on the 
information indicating the subject’s level of accomplishment 
in completing the activities, they were classified as either 
demented or not. 
Six-Item Cognitive Impairment Test (6 CIT): Mini-Cog was 
first used to qualitatively assess each study participant’s 
cognitive function. To measure this performance, the 6-item 
Cognitive Impairment Test (6 CIT) was used. On the 6CIT, there 
were several questions. The respondents were instructed to 
listen to and memorize a five- to six-line “Name and Address” 
phrase before the questions were asked and to repeat the 
phrase after responding to the questions. Following that, the 
subjects underwent 6CIT in accordance with Blessedet al.’s 
methodology42 which was validated by Brooke and Bullock43 

to determine if they were demented or not.

Evaluation of Physical Activity Level (PAL)
The subjects’ level of physical activity was assessed using the 
standard questionnaire (PAL). Every subject’s daily activities 
were recorded for 24 hours, and the Bharathi et al. method44 
was used to calculate the average energy consumption of 
each person in finishing the various activities throughout 24 

hours. Factorial estimation of total energy expenditure and 
physical activity level was the method used.45

Statistical Analysis
The demographic characteristics, BMI, and calorie intake were 
displayed as mean ± SEM. The significance of the difference 
between the study groups’ obtained BMI and calorie 
consumption was assessed using the student’s t-test46. The 
study employed one-way analyses of variance (ANOVA) and 
the post-hoc Tukey’s HSD test47 to investigate the significance 
of variations in population change (%) across study groups 
concerning the cognitive performance of young and senior 
individuals who consumed various amounts of calories. 
The significance of the difference between the percent 
population with respect to cognitive status in different age 
and calorie groups with varying physical activity levels was 
ascertained using the student’s t-test between the relevant 
groups. P values were deemed significant if they were less 
than 0.05; Version 20.0 of SPSS software (IBM) was used for 
statistical calculations.

RESULTS

Demographic Features and Calorie Consumption
In Table 1, The percentage of each group’s population in 
each category in relation to the group’s overall population 
was denoted in parenthesis. The BMI of both the young 
and aged participants on the CR diet had a mean that was 
considerably (p < 0.01) lower than the BMI of the subjects in 
the same age groups but on the AP calorie diet (21.55 and 
20.98%, respectively). The calorie intake of young and aged 
subjects in the AP group consumed considerably (p <0.01) 
more mean calories (15.70 and 18.47%, respectively) than the 
comparable CR diet-receiving group.

Cognitive Performance by Caloric Intake
It is observed that of the 137 young participants on an AP 
calorie diet, 21.17% were demented and 78.83% were not. 
Among 99 participants in the same age group on the CR diet, 
88.89% were not demented while 11.11% were demented 
(Table 2).
Table 2 also shows that young participants who consumed 

Table 1: Demographic features and calorie consumption of young and aged male subjects

Parameters Observed Male Subjects

Age Group Young (N=236) Aged (N=300)

Calorie Group AP CR AP CR

Number of subjects (%) 137 (58.05) 99 (41.95) 134 (44.67) 166 (55.33)

Age (Years.) 32.2 ± 0.36 28.85 ± 0.28 58.66 ± 0.29 58.85 ± 0.43

BMI (kg/m2) 22.56 ± 0.18 18.56 ± 0.34a 22.03 ± 0.24 18.21 ± 0.063b

Calorie Intake (kcal) 2344 ± 29.86 1976 ± 17.94a 2220 ± 22.76a 1810 ± 16.24b,c

Data are presented as mean ± SEM of individual observations; significant (p<0.05) differences are indicated by a(for Young AP),b(for Aged AP), 
c(for Young CR). 
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Table 2: Effect of calorie intake on cognitive performance in young 
and aged male subjects

Age group (N) Calorie 
group (N)

Cognitive status

ND* D**

Young (236)
AP (137) 4.16 ± 0.15 (108) 10.05 ± 0.3 (29)

CR (99) 3.16 ± 0.15 (88)a 10.53 ± 0.37 (11)a

Aged (300)
AP (134) 4.32 ± 0.14 (88)a 9.7 ± 0.14 (46)a

CR (166) 3.85 ± 0.21 (96)b,c 9.84 ± 0.12 (70)b,c

Data are presented as mean ± SEM of individual observations; significant 
(p <0.05) differences are indicated by a(for Young AP), b(for Aged AP), 
c(for Young CR). *Cognitive score 0-7 indicates ND = NOT-DEMENTED, 
**Cognitive score > 7 indicates D = DEMENTED. 

Table 3: Effect of physical activity level (PAL) on calorie–induced changes in cognitive performance of young and aged participants

Age group Calorie group PAL group (N)
Cognitive status

ND* D**

Young (N=236) AP (N= 137) HIGH (107) 3.87 ± 0.16 (101) 12.0 ± 2.0 (6)

LOW (30) 5.26 ± 0.33 (19)a 9.88 ± 0.25 (11)a

CR (N= 99) HIGH (60) 3.28 ± 0.16 (60)a --

LOW (39) 4.617 ± 0.27 (30)c,e 10.13 ± 0.32 (9)c,e

Aged (N=300) AP (N= 134) HIGH (85) 4.305 ± 0.15 (69) 10.42 ± 0.89 (16)

LOW (49) 4.461 ± 0.49 (18)b 9.625 ± 0.13 (31)b

CR (N= 166) HIGH (70) 3.47 ± 0.2 (58) 9.857 ± 0.55 (12)

LOW (96) 5.27 ± 0.45 (33)d 9.915 ± 0.13 (63)d

Data are presented as mean ± SEM of individual observations; significant (p <0.05) differences are indicated by a(for Young AP with high PAL), 
b(for Aged AP with high PAL), c(for Young CR with high PAL),  d(for Aged CR with high PAL), and e(for Young AP with low PAL). *Cognitive score 0-7 
indicates ND = NOT-DEMENTED, **Cognitive score > 7 indicates D = DEMENTED. HIGH indicates when the PAL value is ≥ 1.70, and LOW indicates 
when the PAL value is 1.40 to 1.69

CR diet had a significant increase in the not-demented 
population (12.76%, p <0.05) and a significant decrease in the 
demented population (47.52%, p <0.005) when compared to 
young people consuming an AP calorie diet. In contrast, the 
subjects in the aged group as revealed from the results of 
Table 2 shows that out of 134 participants on the AP calorie 
diet, 65.67% were not demented and 34.33% were demented; 
while on the CR diet, out of 166 aged subjects 57.83% were 
not demented and 42.17% were demented. In contrast to 
the young population, the old population’s consumption 
of the CR diet resulted in a substantial increase (22.84%, p 
<0.01) in the number of demented subjects and at the same 
time significant decrease (11.94%, p <0.05) in the number of 
non-demented participants (Table 2). 
Furthermore, Table 2 revealed that the demented population 
in aged subjects on an AP calorie diet was significantly higher 
(62.16%, p <0.01) than that in young subjects on an AP calorie 
diet, while the not-demented population was significantly 
lower (16.69%, p <0.01) compared to the results observed 
in young subjects consuming an AP calorie diet. Table 2 
further reveals that the percent population of not-demented 
subjects aged with CR diet was significantly less (34.94%;  

p <0.001) than that observed in young subjects with CR diet. 
On the other hand, the demented population aged with the 
CR diet was significantly higher (279.57%; p <0.001) than the 
young people consuming the CR diet. Table 2 shows that 
of the 137 young participants fed an AP calorie diet, 21.17% 
had dementia and 78.83% did not. Again, out of 99 subjects 
on the CR diet and in the same age group, 88.89% were not 
demented and 11.11% were demented. The findings (Table 
2) also show that, when compared to the young population 
consuming an AP calorie diet, the consumption of the CR diet 
significantly increased (by 12.76%, p <0.05) the not-demented 
population while concurrently significantly reducing (by 
47.52%, p <0.005) the demented population. In contrast, 
the aged group revealed that of 134 participants on an AP 
calorie diet, 65.67% were not demented and 34.33% were; of 
166 aged subjects on a CR diet, 57.83% were not demented 
and 42.17% were demented. Unlike the young population, 
the old population’s consumption of the CR diet resulted 
in a substantial increase (22.84%, p <0.01) in the demented 
subjects and a significant decrease (11.94%, p <0.05) in the 
non-demented participants (Table 2). Furthermore, Table 
2 revealed that the demented population in aged subjects 
on an AP calorie diet was significantly higher (62.16%, p 
<0.01) than that in young subjects on an AP calorie diet, 
while the not-demented population was significantly lower 
(16.69%, p <0.01) compared to the results observed in young 
subjects consuming an AP calorie diet. Table 2 further shows 
that compared to young participants on the CR diet, the 
percentage of not-demented subjects in the older population 
was substantially lower (34.94%; p <0.001) in the former 
group. Conversely, compared to young subjects on the CR 
diet, the demented population in elderly adults on the CR 
diet was much greater (279.57%; p <0.001).  

Impact of Physical Activity Level
Table 3 demonstrates that 94.39% of the 137 young subjects 
on an AP calorie diet and high PAL were not demented, 
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while only 5.61% of them were demented. Conversely, of 
30 participants with low PAL who were in the same age 
and calorie group, 36.66% were found to be demented 
while 63.3% were not.  Table 3 further demonstrated that 
compared to the young AP calorie group with -high PAL, 
the not-demented population in the AP low-PAL group had 
a considerable.
lower percentage (32.94%, p <0.001).Results of Table 3 also 
showed that, compared to the young AP group with high 
PAL, the demented population in those on an AP calorie 
diet and with low PAL was substantially greater (553.47%, p 
<0.001). Analysis of the results of Table 3 further highlighted 
that, of the young individuals on a CR diet with high PAL, 
100% were not demented; in contrast, 76.92% of the young 
CR participants with low PAL were not demented and 
23.07% were demented. The not-demented population 
was dramatically reduced (23.08%, p <0.001) by low PAL in 
the young population with the CR diet with a simultaneous 
accountable increase in the demented population under 
comparable conditions. In contrast to the young, 82.14% 
of the elderly subjects who followed an AP calorie diet and 
had high PAL scores were not demented, while 18.82% 
were. Within the same calorie group, 36.73% of participants 
did not exhibit dementia and 63.26% did (Table 3). There 
was a large increase (236.13%, p <0.001) in the demented 
population and a significant decrease (55.28%, p <0.001) in 
the not-demented population among elderly adults on an 
AP diet and with low PAL. In contrast to the AP calorie diet, 
the CR diet was consumed by 82.86% of the not-demented 
and 17.14% of the demented-aged subjects with high PAL. 
However, in the same age and calorie group, the proportion 
of the demented and not-demented population with low PAL 
was found to be 34.37 and 65.62%, respectively (Table 3). The 
table (Table 3) also reveals that Compared to aged subjects 
with a CR diet and high PAL, the percentage of the population 
without dementia was considerably lower in those with a CR 
diet and low PAL (58.52%, p <0.001). Conversely, the aged 
subjects having a CR diet with low PAL significantly increased 
(282.85%, p <0.001) the demented population in comparison 
to the aged population with a CR diet with high PAL.

DISCUSSION
The current study evaluates the impacts of caloric restriction 
on age-related cognitive deterioration in young (20–35 years) 
and aged (55–70 years) male subjects. Additionally,  the study 
investigates if physical activity potentiates the effect, if any, 
of CR on aging-induced natural decline of cognition.
Tables 2 and 3 show that the effects of the CR diet on 
cognitive performance appear to be opposing in young 
and aged participants. The hypothesis that the CR diet 
reduces oxidative damage by reducing energy flux and 
metabolism48,49 may be the reason for the percent increase in 
the population that is not demented and the corresponding 
decrease in the population that is demented among young 
subjects on the CR diet compared to young subjects on the 

AP diet (Table 2). The CR diet appears to lower the rate of 
metabolism in the population of young adults.50 Because a 
change in food or nutrient intake may result in the creation of 
a new or different steady state51, multiple types of metabolic 
adaptation with CR diet are not even unlikely52. Heilbronn 
and Ravussin’s research53 makes it clear that the CR diet 
promotes the development of metabolic adaptability. The 
literature that is now available thus supports the theory that 
the rise in cognitive function induced by the CR diet in young 
subjects is probably caused by a decreased metabolic rate 
as a result of some kind of metabolic adaptation. Further, 
lower metabolic rates reduce the generation of superoxide 
radicals, which lessens the harm that these radicals do to brain 
neurons and may account for the possibility of improved 
cognitive function54.
In contrast to the younger group, the elderly population 
on a CR diet exhibits diminishing cognitive ability (Table 
2). This decline may be caused by malnourishment of the 
brain tissue. It is not justifiable to completely rule out the 
chance that an aging population’s inability to maintain 
the functional integrity of brain neurons by supplying the 
necessary amount of energy through a CR diet may result 
from the GI system’s declining functional capability.55 This 
opinion is further reinforced by the current study’s findings, 
which demonstrate that older participants on a CR diet 
performed less cognitively than their AP-calorie-consuming 
counterparts (Table 2). The current study suggests that the 
reasons behind the consumption of the CR diet by the elderly 
population may differ from those of the younger population, 
who follow a regular low-calorie diet. Furthermore, the health 
status questionnaire fails to identify any clinical justification 
for the CR diet among older participants. Differential insulin 
sensitivity and glucose utilization may be the cause of 
the elderly subjects’ poor and the young subjects’ better 
cognitive performance when following a similar low-calorie 
diet (Table 2). Evidence exists that macronutrients (energy 
providers) have an impact on cognitive function56 supporting 
the fact that brain tissue uses glucose for energy.57

It has previously been demonstrated that physical activity 
and both physical and mental well-being are positively 
correlated58-60. The current investigation shows that 
among young and aged groups, as well as among those 
following AP or CR diets, high PAL increases the population 
that is not demented in comparison to low PAL (Table 3). 
Regarding age and calorie consumption, the low PAL not 
demented population of the comparable group is smaller 
than the high PAL, not demented population among young 
people following a CR diet. A favorable effect of high PAL 
on cognitive function is indicated by the rise in the not-
demented population of young participants with an AP diet 
and high PAL compared to the low PAL population of the 
same age and calorie group (Table 3). Regarding age and 
calorie consumption, the low PAL not demented population 
of the comparable group is smaller than the high PAL, not 
demented population among young participants following a 
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CR diet. A favorable effect of high PAL on cognitive function 
is indicated by the rise in the not-demented population of 
young subjects with an AP diet and high PAL compared to the 
low PAL population of the same age and calorie group (Table 
3). However, a study on mentally stable young people who 
had high PAL with CR and AP diets (Table 3) indicates that CR 
diets have a stronger favorable impact on cognitive function 
than AP diets. The results can be explained by the fact that, 
regardless of age, high PAL increases glucose utilization by 
peripheral tissues, including brain tissue, allowing the brain 
to perform better61 in comparison to low PAL, where there 
is a greater chance that brain tissue will starve to death from 
lack of fuel. 
Reduced risks of cognitive decline are linked to physical 
activity. Likewise, there is a noteworthy tendency of 
protection against cognitive deterioration associated with 
increased physical exercise, as demonstrated by Laurin 
D et al.1In response to high levels of physical activity, the 
metabolism of proteins and carbohydrates is more tightly 
regulated than that of fat62. Thus, the current data may 
imply that elevated PAL provides improved control over the 
metabolism of carbohydrates, which in turn affects brain cell 
function and influences cognition. 
Engaging in physical activity is linked to a decreased risk 
of cognitive deficit. The majority of human populations 
exposed to naturally occurring episodes of CR are deficient 
in micronutrients and protein53. In the context of the current 
study, the prevalence of poor cognition among older adults 
on CR diet (Table 3) may be the result of malnourished 
brain tissue as well as its degraded function and/or fuel 
deprivation63,64. According to reports, high PAL61 within a 
certain calorie group slows down the natural phenomena of 
cognitive decline with aging. On the other hand, high PAL in 
a young population with a specified calorie intake can also 
positively influence brain development and functioning65.
In summary, the current cross-sectional study involving both 
young and old populations consuming either an AP or CR 
diet leads to the following conclusions: (a) CR diet improves 
cognitive function in the young population (20–35 years 
old) when compared to AP diet in the same age group; (b) 
AP diet is preferred over CR diet in the elderly population 
(55–70 years old) due to better cognitive function; (c) 
Regardless of calorie consumption, high PAL, in contrast to 
low PAL, preserves cognitive abilities in both young and old 
populations. This may be accomplished by interfering with 
cellular physiological and biochemical components. 
Further research is required to clarify how other confounding 
factors, such as food quality, socioeconomic status, 
occupation, education, sex, and stress besides many others, 
affect cognitive abilities in humans at various ages, rather 
than just calories or PAL.  
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