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Abstract
Objective: To assess knowledge of nutrition and physical activity; examine
associations of knowledge with sociodemographic and anthropometric para-
meters; and evaluate the relationship between knowledge and practice in adults.
Design: In a cross-sectional design, 720 adults were selected using random
sampling. Data on anthropometry, body fat, diet, physical activity, and nutrition
and physical activity knowledge were collected using standardized questionnaires.
Tertiles were used to categorize nutrition knowledge (NK) and physical activity
knowledge (PK).
Settings: Subjects selected through routine health checks from hospitals, housing
societies and residential areas.
Subjects: A total of 720 adults (361 men) aged 35–50 years participated.
Results: Mean age was 42·7 (SD 9·4) years and mean BMI was 25·8 (SD 5·0) kg/m2.
Mean energy intake was 64%, protein was 68% and fat was 144% of the RDA.
Mean NK and PK scores were 10·2 (SD 2·9) and 6·5 (SD 1·7), respectively, and were
similar across genders (P> 0·05). Individuals with higher education exhibited
significantly higher NK and PK. Individuals with high fat had significantly higher
NK and PK (P< 0·05) than participants with normal fat percentage. Overweight
and obese individuals had significantly higher PK (P< 0·05). Multivariate
regression modelling indicated that NK was positively associated with dietary
intakes of leafy vegetables, salads and sprouts but negatively associated with fruit
intake. BMI, television and reading time were positively associated with PK, even
after adjusting for sociodemographic status.
Conclusions: There is a need for increased efforts towards developing health
education programmes focusing on transforming nutrition and physical activity
knowledge into practice and adherence to guidelines.
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In recent years, diet and physical activity patterns of the
Indian population have undergone major changes. This
trend is exemplified in the urban setting where indus-
trialization and global influences are more prevalent.
Convenience food culture has led to the consumption of
processed foods which are refined and high in sugars, fats
and salt. Increased consumption of these foods coupled
with decreased physical activity has contributed to the
rising rates of chronic lifestyle diseases among young
adults(1).

Good dietary practices are one of the many factors that
can contribute to a healthy lifestyle. However, frequent
consumption of cereals and legumes with limited intakes of
dairy products, vegetables and fruits can cause an imbalance
of nutrients that may result in micronutrient deficiencies.

Poor dietary habits in combination with physical activity risk
factors may result in poor health outcomes(2).

An individual’s diet is influenced by his/her knowledge
of nutrition(3). Nutrition knowledge (NK) has been shown
to play an important role in influencing healthy food
habits, ensuring that nutrient needs are met throughout the
life cycle. Knowledge of nutritional needs facilitates food
choices that enhance health and wellness by preventing
excess or less intake of nutrients(4). Educating the popu-
lation on healthy eating habits and increasing their
awareness of the importance of healthy foods are the first
logical steps in altering eating habits. However, increasing
awareness does not necessarily ensure appropriate action,
as the relationship between what people know and what
people do is ‘very weak’(5).
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Studies identifying determinants of NK, including
sociodemographic and cultural factors(6,7), warrant
community-specific studies. A report on NK in England
focused on the serious gaps in knowledge of the rela-
tionship between diet and disease(8). In other Caucasian
studies, the predictors may remain the same; however,
findings from these studies regarding the association of NK
with practice are inconsistent(9).

Physical activity knowledge (PK) concerns the aware-
ness and understanding of the benefits of physical activity,
which has an impact on daily life(10). A study on Hong
Kong Chinese adults indicated that increasing under-
standing of the effects of physical activity, particularly
knowledge about appropriate exercise prescription, is a
positive factor in improving participation levels(11).
Research on the relationship between knowledge of
physical activity recommendations and adherence to a
suitable regimen has shown mixed results. Cameron
et al.(12) and Plotnikoff et al.(13) found that knowledge of
physical activity recommendations predicted the level of
physical activity. In contrast, Morrow et al.(14) found no
association between knowledge of physical activity and
the actual level of physical activity. A possible explanation
for the inconsistent results is that knowledge of physical
activity alone does not directly affect behaviour.

There are very few studies in India on NK and PK,
particularly in healthy adults. The available literature on
NK and PK focuses on specific populations, such as
patients with diabetes, individuals with hypertension,
athletes or students(15–17). It is surprising that relatively few
studies have evaluated levels of NK and PK in the general
community or the impact of NK on dietary intakes and the
impact of PK on physical activity regimen(17–20). Given
the widespread lifestyle education initiatives, studies in
healthy populations are necessary.

Taken together, NK and PK assessment are critical.
Levels of knowledge may be associated with eating habits
and may promote alterations in nutritional status and daily
physical activity. Therefore, the objectives of the present
study were to: (i) assess knowledge about nutrition
and physical activity in healthy Indian adults; (ii) examine
associations of knowledge with sociodemographic and
anthropometric parameters; and (iii) evaluate the
relationship between knowledge of nutrition and physical
activity and practice (dietary intake and daily physical activity).

Methods

Selection of participants
The current cross-sectional study was conducted in Pune city
in the western region of Maharashtra State, India. The city is
the second largest in the state and the seventh most popu-
lous city in India. Pune is known for its manufacturing and
automobile industries, as well as for research institutes,
information technology, education and management and
training. Fifteen to twenty sites comprising housing societies,

residential areas, schools, corporate offices and hospitals (for
routine health checks) from Pune were approached during
2014–2015 for participation in the study. From these sites, a
total of 2500 adults was randomly selected, of whom 1800
provided consent to take part in the study. The following
inclusion criteria were used for enrolment of the participants:
(i) healthy adult aged 35–50 years; (ii) not suffering from any
major or minor ailments or any other health complaints; and
(iii) not suffering from any nutrition deficiency disorder or
any established metabolic disorder (CVD, diabetes mellitus,
hypertension). A clinical examination was administered to
all participants prior to enrolment. In total, 1000 adults met
the inclusion criteria. Of these, 720 adults (361 men) were
selected by computerized random number generation. With
the sample size of 700, the power of the study was estimated
to be 80% at the 5% level of significance to detect a dif-
ference of more than 10% between groups based on the SD

of the score observed from previous studies(21,22). Written
informed consent was obtained from all participants prior to
commencement of the study. The research protocol was
approved by the institutional ethics committee.

Anthropometric and demographic measurements
Height was measured to the nearest 0·1 cm (Leicester
Height Meter, range 60–207 cm; Child Growth Foundation,
UK)(23). Weight was measured on an electronic digital
scale to the nearest 0·1 kg (Salter India, Faridabad, India).
Waist circumference was measured with an inelastic tape
to the nearest 0·1 cm at the end of normal expiration at the
narrowest point between the lower borders of the rib cage
and the iliac crest (Seca 201 Ergonomic circumference
measuring tape, ECOMED). Hip circumference was mea-
sured as maximal circumference at the level of the tro-
chanters. BMI was computed using the formula:
BMI= [weight (kg)]/[height (m)]2. Using Asian Indian BMI
cut-offs, participants were classified as normal weight
(BMI< 23 kg/m2), overweight (BMI= 23–28 kg/m2) or
obese (BMI> 28 kg/m2)(24).

Body fat percentage was estimated using bioelectrical
impedance (Tanita SC-240 portable body composition
analyser, Japan) with a sensitivity of 0·1 kg and 0·5% fat.
The equipment utilizes the principle of leg-to-leg bio-
electrical impedance analysis, which is accurate and reliable
for calculating fat percentage. Participants were classified
as normal fat and adipose using Williams’ body fat cut-offs
of 25 and 35% for men and women, respectively(25).

Using structured questionnaires from the National
Family Health Survey(26), information on demographic and
socioeconomic characteristics was recorded.

Clinical examination
A physician performed a routine clinical examination of
each participant. Blood pressure was assessed by auscul-
tation with a mercury-column sphygmomanometer. The
onset of the first Korotkoff phase was used to determine
systolic blood pressure, and the onset of the fifth Korotkoff
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phase was used to determine diastolic blood pressure. The
average of the three measurements was used for analysis.

Diet assessment
Daily food habits were assessed using a standardized semi-
quantitative FFQ administered by the interview method(27).
The FFQ consisted of cooked food items derived from an
exhaustive list of the habitual food items of the study par-
ticipants. The food items were categorized into the following
food groups: green leafy vegetables, sprouts, fruits, salads,
junk/fast foods (fried snacks) and bakery items (refined
foods such as breads and biscuits). The frequency of con-
suming various food groups was further divided for analysis
purposes into three categories: daily, more frequent (once
or twice weekly) and less frequent (once or twice monthly).
Test–retest reliability of these measures was calculated
(intraclass correlation coefficient, r= 0·93, P<0·05).

Dietary intakes were also assessed using the 24h recall
method for one day using the multiple-pass approach(28).
Nutrient intakes were estimated by applying nutritive values
from the database of Indian cooked foods using the nutrient
analysis software C-Diet version 2.1 (Xenios Technology,
2012) comprising cooked and raw food databases(29). Com-
parison of participants’ nutrient intakes with the Indian RDA
for their age and gender were made to judge the adequacy(30).

Physical activity
Daily physical activity was assessed with a validated,
structured, 24 h activity questionnaire(31). Type of exercise
and total time spent in daily exercise were noted for each
participant. Detailed information of time (minutes) spent
in sleep, daily chores, meals, commuting, office and
household work, reading, exercise time and watching
television were recorded using a standardized ques-
tionnaire. Total exercise time included time spent in
walking, jogging, playing a sport or at a gym. As per the
guidelines of the Centers for Disease Control and
Prevention(32), time spent in activity was further divided
into the categories of 30–60min/d and >60min/d.

Nutrition and physical activity knowledge
assessment
A standardized NK and PK questionnaire was adapted for
Indian circumstances(21,22). The questionnaire was used to
elicit information on nutrition and physical activity knowledge.

1. NK questionnaire: Consisted of questions on NK
regarding dietary recommendations, sources of
nutrients and diet–disease relationships (covering
declarative knowledge) and on food choices and
cooking practices (covering procedural knowledge).
There was a total of twenty questions in this section.

2. PK questionnaire: Consisted of questions on knowledge
of physical activity such as types of activity, facts and
myths related to exercise. There were ten questions in
this section.

Reliability of the questionnaire was assessed by Pear-
son’s correlation coefficient at two time points, with a gap
of 8 d. For NK, results indicated acceptable reproducibility
for the tool with intraclass correlation coefficient r= 0·81
(P< 0·05) and Cronbach’s α= 0·83. Similarly, for PK
questionnaire, intraclass correlation coefficient was
r= 0·84 (P< 0·05) and Cronbach’s α= 0·89.

One point was given for each acceptable (correct)
answer and the sum of scores was calculated to define the
knowledge score. For NK, the maximum score was 20
points, as there were twenty questions. Similarly, for PK,
the maximum score was 10 points, as there were ten
questions. When the NK and PK scores of participants
were arranged in ascending order of magnitude, the two
points that divided each of these ordered distributions into
three parts were identified, each containing a third of the
population (tertiles). The first tertile (low scores), second
(average scores) and third tertile (high scores) were
termed ‘low’, ‘average’ and ‘good’ knowledge for nutrition
and physical activity(33).

Statistical methods
Analyses were performed using the statistical software
package SPSS for Windows version 11.0 (2001). Prior to the
statistical analyses, all study parameters were tested for
normality using the one-sample Kolmogorov–Smirnov test.
Descriptive statistics, including mean and SD or SE for
continuous variables, were calculated. Non-normal data
were presented as median and interquartile range. Differ-
ences in means between two groups were tested using
Student’s t test, while ANOVA was used to test for differences
between three groups. The t test and ANOVA were used
to examine group differences as appropriate. Multivariate
generalized regression model analysis was performed for NK
and PK scores, adjusting for sociodemographic factors. Level
of statistical significance was set at P<0·05.

Results

Mean age of participants was 42·7 (SD 9·4) years. Mean
age, weight, height, waist circumference, systolic and
diastolic blood pressures were significantly higher in men
compared with women, whereas BMI, hip circumference
and total body fat percentage were higher in women
(P< 0·05). About 49% of participants (53·5% of men and
44·9% of women) were overweight (BMI greater than the
Asian cut-off of 23 kg/m2) and about 25% (20·0% of men
and 29·9% of women) were obese (BMI> 28 kg/m2). More
than half of the study participants (52·9%) were adipose
(i.e. had high body fat percentage) when measured using
bioelectrical impedance analysis (Table 1).

Data on sociodemographic factors showed that
70% were graduates and postgraduates, more than a
quarter (28·1%) had studied up to high school (12 years
of schooling) and the remaining 2% had studied up to
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middle school (10 years of schooling). For the majority of
participants (88·3%), their primary occupation was service
(i.e. either government or a private job). Four per cent
were self-employed in their own business, 6% were
homemakers and the remaining 1·3% were students.

Average minutes of PA was 30 for both men and
women (Table 2). Almost half (47·3%) of the participants
reported no physical activity or exercising for less than
30min/d, 33·6% reported exercising for 30–60min/d and
only 19·1% exercised for at least 60min/d, on 6 d/week.
To explore association of physical activity with obesity,
average time spent in physical activity was compared
across BMI categories. It was observed that daily time
spent in physical activity was similar across all three
categories: median (interquartile range) was 30 (0–120)
min in overweight, 30 (0–200) min in obese and 30 (0–90)
min in normal-weight participants (P> 0·1).

Figure 1 illustrates participants’ consumption frequencies
of the different food groups. Almost half of the participants
reported daily intake of green leafy vegetables (48·7%) and
salads (45·9%), while many participants reported frequent
intake of sprouts (57·6%). Conversely, fruit intake was
decreased, with 15·2% of participants reporting daily intake
and 33·4% reporting frequent intake. Consumption of junk

foods and bakery products was also reported by a lower
percentage of participants on a frequent basis (25·2% and
29·0%).

Mean intakes of energy, protein, fat and carbohydrates
were significantly higher in men than women (P<0·05;
Table 3). Micronutrients were expressed as energy-adjusted
values. Micronutrient intakes were similar in men and women
(P>0·1; Table 3). Furthermore, energy intake was 64% of the
RDA and protein was 68% of the RDA, indicating inadequacy
of these nutrients, whereas fat intake was more than double
(144%) the Indian RDA in both men and women. Ca and
vitamin C were 73 and 99% of the RDA, respectively; whereas
β-carotene, folic acid, Zn and Fe intakes were less than 50%
of the RDA (33, 42, 43 and 37% of the RDA, respectively),
indicating micronutrient deficiency.

Daily fat intake was found to be significantly different
across BMI categories (P< 0·05). Overweight participants
had significantly a higher mean intake of fat (41·2 (SD 17·8)
g/d) compared with obese (37·2 (SD 14·5) g/d) and
normal-weight participants (37·3 (SD 14·2) g/d; P< 0·05).

Nutrition knowledge score
Mean NK score was 10·2 (SD 2·9) and was similar among
men (9·9 (SD 3·0)) and women (10·4 (SD 2·7); P> 0·1).

Table 1 General characteristics of the study participants: apparently healthy adults aged 35–50 years, Pune, India, 2014–2015

Men (n 361) Women (n 359) Total (n 720)

Parameter Mean SD Mean SD Mean SD

Age (years) 44·2* 8·7 40·9 9·8 42·7 9·4
Weight (kg) 66·9* 20·1 59·8 16·7 63·0 19·3
Height (cm) 166·4* 9·0 154·4 8·1 160·4 10·4
BMI (kg/m2) 25·5* 4·8 26·1 5·3 25·8 5·0
% Overweight† 53·5 44·9 49·1
% Obese† 20·0 29·9 24·9
Waist circumference (cm) 90·7* 11·9 88·2 10·8 89·4 11·4
Hip circumference (cm) 97·5* 10·4 99·4 10·4 98·5 10·5
Body fat percentage 23·3* 8·2 34·9 9·5 28·9 10·8
% Adipose‡ 46·6 59·2 52·9
Systolic blood pressure (mmHg) 126·4* 13·6 118·9 14·2 122·5 14·4
Diastolic blood pressure (mmHg) 83·8* 10·8 79·4 11·3 81·5 11·3

*Significant difference between genders: P< 0·05 (t test).
†Overweight, BMI=23–28 kg/m2; obese, BMI> 28 kg/m2 (Asian Indian BMI cut-offs)(24).
‡Adipose, body fat percentage >25% for men and >35% for women (Williams’ body fat cut-offs)(25).

Table 2 Daily physical activity of the study participants: apparently healthy adults aged 35–50 years, Pune, India, 2014–2015

Men (n 361) Women (n 359) Total (n 720)

Parameter Median IQR Median IQR Median IQR

Sleep (min) 420* 120 420 60 420 60
Morning chores (min) 20 15 30 15 30 15
Meal time (min) 45 35 45 30 45 30
Commuting time (min) 30* 30 15 40 30 30
Television watching (min) 45 30 30 30 45 30
Reading (min) 30* 0 30 15 30 10
Office hours (min) 480* 60 420 180 480 120
Household hours (min) 21* 0 70 120 44 0
Moderate physical activity (min) 30 25 30 30 30 45

IQR, interquartile range.
*Significant difference between genders: P< 0·05 (non-parametric Kruskal–Wallis test).
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Tertiles of NK score were used for further analysis as low
knowledge (<9 points, lowest tertile), average knowledge
(9–12 points, middle tertile) and good knowledge (>12
points, highest tertile). Figure 2 illustrates NK across edu-
cational categories. It was observed that a significantly
higher percentage of participants who were highly educated
(graduates and postgraduates) were in the good knowledge
group compared with less educated participants (under-
graduates; P<0·05). This indicates that the higher the
education, the better was the knowledge on nutrition.

When age was compared across NK groups, a decreasing
trend of age was noticed with increasing (ascending)
knowledge from low to good (P<0·05). Mean age was 45·1

(SD 10·8) years in the low knowledge group (i.e. NK score
<9 points) as opposed to 40·7 (SD 8·7) years in the good
knowledge group (i.e. NK score >12 points; P< 0·05),
indicating that younger age groups had significantly higher
nutritional knowledge than older participants.

To evaluate the relationship of BMI and body fat with
NK, mean BMI and body fat percentage were compared
across the NK groups (Fig. 3). Mean BMI was observed to
be similar in all knowledge groups (P> 0·1). However,
mean body fat percentage increased with increasing
(ascending) knowledge (from low to good), being sig-
nificantly higher in the group with good nutritional
knowledge; thus, NK was higher in high fat individuals.
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Fig. 1 Consumption frequency ( , daily; , more frequently, i.e. once or twice weekly; , less frequently, i.e. once or twice monthly)
of different food groups, by gender, among 720 apparently healthy adults (361 men) aged 35–50 years, Pune, India, 2014–2015.
Values presented are the percentages of men and women consuming the food groups at the respective frequencies

Table 3 Daily nutrient intakes of the study participants: apparently healthy adults aged 35–50 years, Pune, India, 2014–2015

Men (n 361) Women (n 359) Total (n 720)

Parameter Mean SD or SE Mean SD or SE Mean SD or SE

Macronutrients
Energy (kJ) 6686* 2142 5971 1987 6330 2096
Energy (kcal) 1598* 512 1427 475 1513 501
Protein (g) 40·3* 14·9 36·4 14·0 38·3 14·6
Fat (g) 42·2* 18·2 37·2 16·3 39·7 17·5
Carbohydrates (g) 265·4* 93·6 236·4 77·5 250·9 87·2

Micronutrients (energy-adjusted)
Ca (mg) 32·5 0·8 34·2 0·7 33·3 0·6
Thiamin (mg) 42·4 0·7 42·5 0·9 42·4 0·6
Vitamin C (mg) 2·2 0·09 2·4 0·09 2·3 0·06
Riboflavin (mg) 35·1 0·9 35·2 0·8 35·2 0·6
β-Carotene (µg) 87·6 5·7 96·4 5·0 92·0 3·8
Folic acid (µg) 6·7 0·1 6·5 0·1 6·6 0·08
Zn (mg) 0·34 0·004 0·31 0·005 0·33 0·003
Fe (mg) 0·57 0·009 0·54 0·01 0·55 0·007

*Significant difference between genders: P< 0·05 (t test).
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Apart from food groups, dietary energy, fat and protein
intakes were also compared across NK score categories.
Although not statistically significant, an increasing trend
was observed across the three knowledge groups (<9,
9–12 and >12 points) for mean intake of energy (6255
(SD 170) kJ/d (1495 (SD 40·7) kcal/d), 6355 (SD 149) kJ/d
(1519 (SD 35·7) kcal/d) and 6565 (SD 166) kJ/d (1569
(SD 39·7) kcal/d), respectively; P> 0·1) and fat (39·6
(SD 1·4), 40·5 (SD 1·3) and 42·3 (SD 1·4) g/d, respectively;
P> 0·1). Mean protein intake was significantly higher in
the good knowledge group (i.e. NK score >12 points; 42·3
(SD 1·4) g/d) than in the other groups (36·9 (SD 13·2) and
40·5 (SD 1·3) g/d, respectively; P< 0·05).

Additionally, to explore the relationship between NK
and dietary habits, a multivariate regression model was
fitted with NK score as dependent variable and food
consumption groups as explanatory variables, adjusting
for sociodemographic factors (age and education). Results
indicate that NK was positively associated with dietary

intakes of green leafy vegetables, sprouts and salads but
negatively associated with fruit intake even after adjusting
for sociodemographic status (P< 0·05). Intakes of bakery
products and junk foods did not show any association
with NK (P> 0·05; Table 4).

Physical activity knowledge score
Mean PK score was 6·5 (SD 1·7) and was similar in men and
women (6·6 (SD 1·7) and 6·5 (SD 1·8), respectively; P> 0·1).
PK scores were categorized into tertiles as ‘low’ (<6
points), ‘average’ (6–7 points) and ‘good’ (>7 points)
knowledge.

PK score was compared across education categories
and it was observed that a significantly higher percentage
of participants who were graduates and postgraduates
were in the good knowledge group as compared with
undergraduates (P< 0·05). This indicates that the higher
the education, the better was the knowledge on physical
activity (Fig. 2).

Further, to evaluate association of PK with anthro-
pometry, mean BMI and body fat percentage were com-
pared across PK groups (Fig. 4). Mean BMI showed an
increasing trend with increasing (ascending) group of
knowledge (low to good). BMI was significantly higher in
the middle PK group as compared with other two groups
(P< 0·05). Also, mean body fat percentage increased with
increasing (ascending) knowledge (low to good), being
significantly higher in the group with highest knowledge
on physical activity; thus, PK was higher in high fat indi-
viduals (Fig. 4). These results indicate that overweight and
adipose individuals had better PK scores.

PK scores were compared across participants who
exercised and those who did not. Mean PK scores were
the same (6·5 (SD 1·7)) in both groups, those who did and
did not exercise. The differences were not statistically
significant (P> 0·05).

A generalized multivariate regression model was fitted
with PK score as dependent variable and BMI and daily
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Fig. 2 Physical activity knowledge (PK) and nutrition knowledge (NK), by educational level ( , undergraduates; , graduates and
postgraduates), among 720 apparently healthy adults (361 men) aged 35–50 years, Pune, India, 2014–2015. Values presented are
the percentages of the population with low, average and good knowledge on physical activity (PK score <6, 6–7 and >7 points,
respectively, out of a maximum of 10) and nutrition (NK score <9, 9–12 and >12 points, respectively, out of a maximum of 20) by
level of education
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Fig. 3 BMI and body fat percentage, by nutrition knowledge
(NK) category ( , low, i.e. NK score <9 points; , average, i.e.
NK score= 9–12 points; , good, i.e. NK score >12 points; out
of a maximum of 20), among 720 apparently healthy adults
(361 men) aged 35–50 years, Pune, India, 2014–2015. Values
presented are means with their standard deviations
represented by vertical bars; *P< 0·05
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activity groups as explanatory variables adjusting for socio-
demographic factors (age and education). Results indicate
that PK was positively associated with BMI, office hours, and
time spent watching television and reading, but negatively
associated with household hours. This association persisted
even after adjusting for sociodemographic status (P< 0·05).
This suggests that participants who spent more time in an
office, watching television or reading and who were over-
weight had more knowledge on physical activity (Table 4).
Overall, the results suggest that overweight and obese
participants had good knowledge on physical activity and

they also spent significantly more time in physical activity
than normal-weight participants.

Discussion

The present study highlights the current status of nutrition
and physical activity knowledge and their association with
BMI, adiposity and dietary intakes in healthy Indian adults
from Pune, a metropolitan city in western India. The city
has a varied population due to migration, with diet and
lifestyle diversity. Our results demonstrate that education
was positively associated with NK and PK. Consumption
of healthy foods such as green leafy vegetables, sprouts
and salads was positively associated with NK. Television
and reading time and BMI were positively associated with
PK. BMI and body fat percentage were significant factors
related to NK and PK.

Mean NK score in the present study was 10·2 (of 20
points). A similar study from Malaysia used cut-offs of 9 and
14 points out of 20 to define low (0–9) moderate (10–14)
and high (15–20) score of NK(33). In their systematic review,
Spronk et al. reported a mean score of 11·2 (of 17, range
2–17), with the validity of NK instruments scoring a mean of
2·5 out of 5 points (range 0–5)(34). Castro et al.(35) in 2010
defined cut-offs as low (0–6), moderate (7–10) and high
(>10) in a Brazilian study. Present study knowledge score
cut-offs based on tertiles of the scores are on a par with the
above two studies.

In the present study, NK was found to be associated
with education levels. A possible explanation is that
educated individuals may also have health education and
they may implement the same in their lifestyles(8). Other
researchers have also observed a positive association
between educational level and the NK questionnaire
score, which clearly shows that education is critical for
obtaining knowledge on nutrition(36,37).

Lower age groups showed significantly higher scores for
NK compared with the higher age groups. The reason for

Table 4 Generalized multivariate regression models for nutrition
and physical activity knowledge scores among 720 apparently
healthy adults (361 men) aged 35–50 years, Pune, India,
2014–2015

Nutrition knowledge (NK)
score model†

Independent variable OR 95% CI
Significance
(P value)

Green leafy vegetables
Less frequently 2·4NS 0·9, 4·2 0·08
More frequently 2·4* 1·4, 4·3 0·002
Daily (ref.)

Sprouts
Less frequently 1·0NS 0·5, 2·2 0·9
More frequently 1·9* 1·1, 3·4 0·02
Daily (ref.)

Salads
Less frequently 0·9NS 0·4, 1·8 0·8
More frequently 1·9* 1·0, 3·6 0·03
Daily (ref.)

Fruits
Less frequently 0·4* 0·1, 0·8 0·02
More frequently 0·4NS 1·0, 3·4 0·08
Daily (ref.)

Junk foods
Less frequently 1·5NS 0·5, 4·7 0·4
More frequently 0·8NS 0·3, 2·7 0·7
Daily (ref.)

Bakery products
Less frequently 1·0NS 0·5, 2·2 0·8
More frequently 3·0* 1·3, 6·2 0·007
Daily (ref.)

Physical activity knowledge
(PK) score model‡

Independent variable OR 95% C
Significance
(P value)

Television watching and
reading

1·03* 0·9, 1·9 0·09

Moderate physical activity 1·02NS 0·9, 1·0 0·57
Household hours 0·99* 0·9, 1·0 0·05
Office hours 1·0* 1·001, 1·002 0·03
BMI category
Normal 1·2NS 0·9, 2·1 0·24
Overweight 1·36* 0·9, 2·5 0·05
Obese (ref.)

Ref., reference category.
*P< 0·05.
†Dependent variable for NK model is NK score; food groups are independent
variables. Model is adjusted for sociodemographic status (age, education
and occupation).
‡Dependent variable PK model is PK score; food groups are independent
variables. Model is adjusted for sociodemographic status (age, education
and occupation).

0

5

10

15

20

25

30

35

BMI (kg/m2) Body fat (%)

*

*

Fig. 4 BMI and body fat percentage, by physical activity
knowledge (PK) category ( , low, i.e. PK score <6 points; ,
average, i.e. PK score= 6–7 points; , good, i.e. PK score >7
points; out of a maximum of 10), among 720 apparently healthy
adults (361 men) aged 35–50 years, Pune, India, 2014–2015.
Values presented are means with their standard deviations
represented by vertical bars; *P< 0·05
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such differences may be that younger people are more
aware and vigilant about nutritional knowledge due to
easy access to the Internet and other sources of informa-
tion. However, greater levels of NK have typically been
found in middle-aged as opposed to younger or older
persons in an English study(8).

Reports of associations between NK and dietary intakes
and patterns are variable; while some studies showed a
positive association, others did not. Our study indicates that
NK is not the only determinant of dietary intake(3). In the
present study, regression analyses showed that frequent
intakes of green leafy vegetables, sprouts and salads were
positively associated with NK, indicating good agreement
between knowledge and eating practice. The above
association also reflects their good procedural knowledge as
the individuals consumed healthier options (frequent intake
of healthy food groups). Despite the positive association,
however, there was a high prevalence of overweight and
obesity and increased body fat percentage. This shows no
conversion of declarative knowledge into practice, which
further emphasizes the need for more focused lifestyle
intervention programmes and training on declarative
knowledge especially the diet and health outcome
relationship.

Studies by Parmenter and Wardle(21) and Roberts and
Marvin(3) assessed the link between NK and its practical
application. The authors observed a correlation between
knowledge and healthy eating habits. Eating lots of fruit
and vegetables was most frequently cited as a component
of a healthy diet. Obese adults were significantly less likely
to consider their diet to be very healthy(3), showing
adequate knowledge conversion into healthy eating. In
contrast, O’Brien and Davies(9) described that obese
individuals achieved highest NK compared with normal-
weight individuals. Thus, studies investigating a possible
association of NK with anthropometric data show varying
results and do not suggest a protective effect of NK on
BMI. In the present study, NK was similar for normal- as
well as overweight and obese individuals; however, a
positive relationship was noticed between NK and body
fat. Energy and fat intakes showed increasing trend across
the NK groups. Market penetration by convenience foods,
easy availability and affordability of packed foods,
fortification, processed foods, cultural and religious beliefs
possibly influence the dietary intake(38).

For PK, in the present study it was noted that mean
score was 6·5 out of 10 points. In a Chinese study, the
authors observed that PK scores ranged from 19·4 to
90·7% with higher scores in the well-educated, elderly and
normal-weight participants. Participants with higher edu-
cation levels demonstrated a higher likelihood of per-
forming sufficient (moderate- or high-level) physical
activity(17). These findings are consistent with present
study where the PK score was higher in participants with
higher education level. The present study showed that
overweight or obese participants and high fat individuals

more often had good knowledge than normal-weight
participants, indicating disagreement between knowledge
and practice. Our regression model also showed a positive
association between overweight and activity knowledge.
Some previous studies have shown a lack of association
between knowledge of physical activity and reported
weekly duration of physical activity(39,40) which is sup-
ported by the results of our study.

Based on the above findings, it was deduced that
overweight/obese participants were not putting their
nutritional knowledge into practice. However, it may also
be possible that after attaining excessive weight, these
adults acquired the knowledge of nutrition and it would
take a while for this knowledge to be reflected in their BMI.

A limitation of the present study was estimates of dietary
pattern using a single 24 h diet recall, although adminis-
tered by a trained investigator with optimum precision. A 3
or 7 d diet record would have been better representative of
the dietary habits. However, it was difficult to collect
accurate diet data on multiple days due to time constraints
and length of the questionnaires.

Conclusion

In conclusion, BMI, age, education and diet pattern
(intakes of food groups) were important determinants of
nutrition and physical activity knowledge. Knowledge
of food choices (core facts on essential skills for selection
of an appropriate diet), nutritional functions and recom-
mendations on size and frequency of consumption must
be the primary goals of nutritional education programmes
throughout the life of individuals. Despite the study
participants’ good level of knowledge on nutrition and the
positive association of NK score and healthy food groups,
nutritional knowledge was higher in high fat individuals;
conversion of knowledge on physical activity into practice
was observed. Thus, there is need for increased effort
towards developing programmes focusing on transforming
nutritional knowledge into practice.
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