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Why?

• Individual health

• Public Health



‘Normal
range’

‘Sedentary
zone’

Ludlow Jute Mill, Calcutta: studies on wide range of 
physical activity, from sedentary to very hard work

You would think energy intake would go up with hard work

Self regulated



SDG goal to have zero hunger

• Dependent on a notional energy requirement

• Quantum of food subsidy is energy and cereal centric

• Counter-intuitively: has potential for positive energy balance



India was the first country in the world to define poverty as the total per 

capita expenditure of the lowest expenditure class, which consumed 

2400 Kcal /day in rural and 2100 Kcal/day in urban areas 

and attempted to provide comprehensive package of essential goods 

and services to people below the poverty line. 



• Estimating the hungry in the BPL population

• Based on FAO norm – minimum dietary energy requirement
• 1800 kCal/day

• Based on weighted avg 5th percentile of BMI for attained height

• Too low, and probably would not be sustainable

• Chand and Jurmani (2013) – used ICMR-2010 requirement and 
FAO – found that prevalence of undernourishment in BPL persons 
was 30% higher with ICMR norm, compared to FAO norm



Age Sex Activity

Population 

weights(Rural)*

Population 

weights(Urban)*

Energy requirement 

(kcal) (ICMR)- 2010

less than 1 1.79 1.44 585

1 to 3 6.07 4.83 1060

4 to 6 6.7 5.19 1350

7 to 9 6.65 5.24 1690

10 to 12 7.33 5.85 2100

13 to 14 Male 2.22 1.92 2750

Female 2.06 1.76 2330

15 to 59 Male Sedentary 3.67 13.66 2320

Moderate 12.78 9.03 2730

Heavy 7.93 3.84 3490

Non-worker 5.35 7.31 2320

15 to 59 Female Sedentary 1.05 3.43 1900

Moderate 5.45 1.64 2230

Heavy 4.03 1.53 2850

Non-worker 17.78 24.84 1900

60 & above# Male 4.32 4 2320

Female 4.47 4.11 1900

Energy requirement (kcal)* 2155 2090

Computation of revised energy requirement – Rangarajan Committee 

*Planning commission, 2014. The population weights are based on the proportion of each population represented as the population structure in the 2011 Census of India separately for 

rural and urban sectors. This is specific to age, sex and occupation (used as a proxy for activity).  



Defining the Energy Requirement

Energy intake Energy expenditure

• Based on Energy Expenditure (EE)
• Not Energy Intake (EI)

FAO/WHO/UNU, 2004



Present energy requirement- ICMR-NIN 2010 (kCal/day)

Man 60 Kg

Sedentary work 2320

Moderate work 2730 +400

Heavy work 3490 +1150

Woman 55 Kg

Sedentary work 1900

Moderate work 2230 +330

Heavy work 2850 +950



Boys – ICMR-NIN 2010

Age Total Energy requirement
Sedentary Moderate Active

1-2 910
2-3 1120
3-4 1230
4-5 1290
5-6 1390
6-7 1270 1510 1760
7-8 1340 1630 1850
8-9 1530 1750 2070
9-10 1610 1890 2180
10-11 1700 2030 2310
11-12 1920 2180 2550
12-13 2020 2370 2680
13-14 2160 2580 3010
14-15 2280 2760 3180
15-16 2530 2890 3310
16-17 2600 2980 3400
17-18 2660 3060 3490



Defining the requirement

• Factorial method- measure each component of EE

• Total measurement of EE



Predict from Components of Energy Expenditure

Basal Metabolic Rate
(BMR, REE)

Thermic Effects of Food
(TEF, FIT)

Physical Activity
(PA)

Based on prediction equations
-weight, age and sex

Based on measurement
Questionnaire



Measuring BMR



BMR measurements are not trivial

• Require a great deal of attention to detail

• Soon after awakening

• Fasting

• Not sleeping

• Thermoneutral

• Many reports will show that measurements were actually RMR
• May be about 10% higher than BMR



At scale…

• BMR is usually predicted from age- sex-specific equations

• Most famous – Schofield or WHO equation
• Many clinical equations - Harris-Benedict, Owen, Mifflin

• The equation depends on the population it was derived from
• Muscular, active young men (army recruits) in the WHO data set would 

probably have a higher BMR



Body composition & BMR Adaptation?

• 60 kg with 15% fat = 51 Kg FFM

• 60 kg with 30% fat = 42 Kg FFM

• 10 Kg difference in the active tissue

• Could account for about 250 Kcal/day
• Or >10% of EE

FFM

Fat



Is BMR Over-estimated by prediction equations?

BMR predicted using Schofield’s equation (FAO/WHO/UNU, 2004) 
McNeill et al. 1987; Soares and Shetty, 1988; Soares et al. 1993
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Comparison of measured and predicted BMR for Indian men and 
women with normal BMI 

BMR predicted using Schofield’s equation (FAO/WHO/UNU, 2004) 
Soares and Shetty, 1988; Soares et al. 1993; Piers and Shetty, 1993
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Measuring the other component- activity



Nearly 4,300 steps/d
Females: 1,086 steps/d
Males: 4,092 steps/d

• Activity inequality associated 
with obesity

• Higher the inequality higher the 
obesity

Measured physical activity using app-based step counts from smartphones 
and self reported BMI (n=717,527)

• Indian ranked low in physical activity with large gender gap; 
• A careful attention is required in defining energy requirement for 

sedentary population



• Take a history of activity

• Multiply each activity duration into its activity expenditure (PAR)

• Sum

• Divide by the total number of minutes 

• This gives a ‘summed factor’ that is multiplied into the BMR



• Studies on Indian population 
showed that PAR is 
significantly different from 
PAR reported by 
FAO/WHO/UNU, 2004

• Could translate into 
significant differences in an 
summed index of activity

• Population-specific PAR 
values

Swaminathan et al, 2018

We take the PAR from books: Is energy cost for each activity for 
Indians low? 



PAR – Different for same activity; 
Interactions to body weight

Haggarty et al, 1997

Extrapolation of PAR measured in 70 kg individual 
to a 40 kg individual overestimates the energy 
cost of an activity

Using same PAR, regardless of body weight, to express energy cost of each activity can introduce potential errors



Relationship between BMI 
and PAR among males (n=30)

Correlations are significant

Walking at 3.2 km/h
Walking at 3.2 km/h with 5 
kg load

Ironing Walking at 4.8 km/h



Recommendations for PAL

Activity Sedentary Moderate Heavy

FAO/WHO/UNU 1985

• Males 1.55 1.78 2.1

• Females 1.56 1.64 1.82

FAO/WHO/UNU 2004

• Males and females 1.40-1.69 1.7-1.99 2.0-2.40

ICMR 2010

• Males and females 1.53 1.8 2.3



Energy Requirement – Current Vs Tentative

BMR – 9% lower than 
FAO/WHO/UNU, 2004 
equations

PAL – Lower bound from 
FAO/WHO/UNU, 2004 for 
sedentary (1.4-1.69)
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Energy Requirement – Current Vs Tentative
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BMR – 10% lower than 
FAO/WHO/UNU, 2004 
equations

PAL – Lower bound from 
FAO/WHO/UNU, 2004 for 
sedentary (1.4-1.69)



https://tatanin.org/#/dashboard
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• Chand and Jurmani (2013) – used ICMR-2010 requirement and
FAO – found that prevalence of undernourishment in BPL persons
was 30% higher with ICMR norm, compared to FAO norm

• A recalculation based on the new tentative reduced energy
requirement

• A work in progress- only sedentary recalculation available at this
time



Age Sex Activity

Population 

weights(Rural)*

Population 

weights(Urban)*

Energy requirement 

(kcal) (ICMR)- 2010

Revised energy 

requirement 

(kcal)

less than 1 1.79 1.44 585 585

1 to 3 6.07 4.83 1060 1060

4 to 6 6.7 5.19 1350 1350

7 to 9 6.65 5.24 1690 1690

10 to 12 7.33 5.85 2100 2100

13 to 14 Male 2.22 1.92 2750 2750

Female 2.06 1.76 2330 2330

15 to 59 Male Sedentary 3.67 13.66 2320 2021

Moderate 12.78 9.03 2730 2730

Heavy 7.93 3.84 3490 3490

Non-worker 5.35 7.31 2320 2021

15 to 59 Female Sedentary 1.05 3.43 1900 1656

Moderate 5.45 1.64 2230 2230

Heavy 4.03 1.53 2850 2850

Non-worker 17.78 24.84 1900 1656

60 & above# Male 4.32 4 2320 2021

Female 4.47 4.11 1900 1656

Energy requirement (kcal)* 2155 2090

New requirement (kcal) 2058 1936

Computation of revised energy requirement – using Rangarajan Ctte method 

*Planning commission, 2014. The population weights are based on the proportion of each population represented as the population structure in the 2011 Census of India separately for 

rural and urban sectors. This is specific to age, sex and occupation (used as a proxy for activity).  #Calculated for sedentary workers



Prevalence of undernourished in BPL with new tentative energy requirement 

was 

• 10% lower (70 to 60%) in rural 

and 

• 15% lower (68 to 53%) in urban sector

• Note: only recalculated with new norms for sedentary and elderly



The quality of that energy intake is 
another matter entirely



A search for validity of 
these estimates



The use of Doubly Labelled Water (DLW) to measure energy expenditure 
over 2 weeks

2H2
18O

Washout in 
breath – C18O2

Washout in water –
2H2O & 2H2

18O

TEE (kcal/d) calculated using modified Weir’s equation

IAEA Human health series no. 3, 2009

rCO2

production

2H2

18O



2005: A reduction in ER of infants
DLW measures + energy deposited in growth

Intake data

TEE by DLW
+
Growth



2005: Children to boys and girls
DLW regressed on average weight

Intake data
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*

#BMR lowered to 10% as per literature and lower bound of PAL recommended by FAO/WHO/UNU, 2004 was considered;
*Results from our ongoing study on young adult male - TEE measured using DLW; (n=5)

Preliminary results

Variable Mean (± SD)

Age (y) 20.4 ± 0.54

Weight (kg) 59.37 ± 7.09

BMI (kg/m2) 19.28 ± 0.82

TEE (kcal/d) 1916 ± 456

BMR (kcal/d) 1524 ± 105

PAL 1.25 ± 0.2

PAEE (kcal/d) 284 ± 108

#

Current Research on Energy Requirement for Millennials 
– a validation



Factorial method of estimating the requirement…and physiology

• Activity driven TEE plateaus after 
a certain point

• Non-muscular EE can reduce

• Behavioral adaptation



Conclusion

• Energy expenditure is low and therefore requirement is not what we thought

• Potential errors can emerge due to factorial approach

• Sedentary behavior has increased- the joys of mechanization

• Overweight is doubling and tripling, along with NCD

• In preventing obesity and related health outcomes, both reduced energy intake 
and increased physical activity is required



What’s coming? Reducing our calories

Country Type n

India Full service 10

Fast food 10

US Full service 71

Fast food 19

Roberts, Raj et al, 2018 (accepted in BMJ)

kCal Wt (g)

1414 855

1129 731

1362 741

969 475




