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ABSTRACT
Introduction  An accurate understanding of total energy 
intake, energy requirements for healthy body weights and the 
resultant imbalance is important for many aspects of dietary 
analysis. Despite its importance, existing estimates are highly 
uncertain and not well aligned with trends in body weight and 
malnutrition, especially at regionally comparable and global 
levels. We estimated energy intake, energy requirements 
and energy imbalances at global, regional, national and 
sociodemographic levels based on anthropometric measures.
Methods  We used predictive equations for estimating energy 
requirements derived from a comprehensive database of doubly 
labelled water studies, and paired them with global datasets 
on body weight, height and physical activity to estimate a new 
proxy of energy intake. We calculated energy requirements to 
attain healthy body weights by applying the predictive equations 
to a body mass index that minimises risks for weight-related 
diseases and is classified as normal. We calculated energy 
imbalances as the difference between the estimated intake and 
energy requirements to attain healthy body weights.
Results  On average, 2160 kilocalories per person per day 
(kcal/day) were required in 2020 to sustain measured levels of 
body weight, height and physical activity (95% CI, 2100 to 2210 
kcal/day), ranging from 1980 (95% CI, 1900 to 2060) kcal/day 
in low-income countries to 2360 (95% CI, 2310 to 2410) kcal/
day in high-income countries. The estimated intake exceeded 
energy requirements to attain healthy body weights by 80 
(95% CI, 70 to 100) kcal/day on average, with 192 countries 
(97%) having average intakes above recommendations, and 
6 countries (3%) with intake below, and increasing to 14 (7%) 
when considering rural residences. Between 1990 and 2020, 
50 countries (25%) changed from average intakes below 
recommendations to intakes above.
Conclusions  Estimating total energy intake based on 
anthropometric measures captures the regional and temporal 
trends in body weight, height and physical activity. The estimates 
can be used as a complementary measure to existing proxies of 
energy intake. Among other things, they can inform misreporting 
of intake in dietary surveys, uncertainty in the amount of food 
wasted and the lack of data on at-home production in food 
availability statistics. Aligning existing measures of food intake 
with consistent estimates of overall energy intake could improve 
dietary analyses and policy planning.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Population-level estimates of total energy intake, as 
well as derived measures such as energy imbalanc-
es are highly uncertain. Data from dietary surveys 
tend to substantially underestimate total energy 
intake, for example due to incomplete reporting, un-
clear serving sizes and a social-desirability bias of 
providing specific answers. Another frequently used 
source of data comes from national statistics on the 
food available for human consumption, but those 
have been found to overestimate actual intake if not 
carefully adjusted for food waste and do not provide 
information on sociodemographic differences such 
as across age groups and sex within countries. As 
a result, there is not a good understanding of total 
energy intake and imbalances at global, regional, 
national and subnational levels. This affects the con-
sistency, comparability and uncertainty of dietary 
assessment, including of nutritional intake, dietary 
risks, environmental impacts and affordability.

WHAT THIS STUDY ADDS
	⇒ We complement and improve available estimates of 
energy intake and imbalances by calculating those 
levels of energy intake that are required to sustain 
measured levels of body weight, height and phys-
ical activity and comparing them to energy levels 
that are required to attain healthy levels of body 
weight. By design, this method of estimating ener-
gy intake reflects observed differences in anthro-
pometric measures globally, regionally and across 
and within countries. The derived estimates are not 
affected by the same structural misreporting of en-
ergy intake in dietary surveys, or the misreporting 
of food production and waste in national statistics. 
In complementing existing estimates, they can help 
address the misreporting in energy intake, food pro-
duction and waste, and contribute to a better un-
derstanding of total energy intake at the population 
level, all of which are needed for consistent policy 
assessments.
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INTRODUCTION
An accurate understanding of total energy intake and 
energy requirements is essential for many aspects of 
dietary analysis. This includes nutritional analysis,1 assess-
ments of dietary risks,2 3 environmental impact assess-
ments1 4 and cost studies.5 Together with data on food 
composition and production, it is also important for 
informing health and food policies, both nationally and 
internationally.6 7 This includes their use by governments 
to assess the adequacy of food supplies and the degree 
of malnutrition, including both overnourishment and 
undernourishment,8 and their use for developing dietary 
guidelines and informing nutrition policies.9 In each of 
these contexts, planning for too few calories can result in 
weight loss and contribute to undernourishment, espe-
cially in at-risk populations,10 whereas planning for too 
many calories can result in weight gain and increases in 
non-communicable diseases associated with overweight 
and obesity such as coronary heart disease, stroke, cancer, 
respiratory disease and type 2 diabetes.11 12

Despite their importance, estimates of total energy 
intake are associated with large uncertainties, and esti-
mates of energy requirements, especially at global and 
regional levels often rely on outdated methods. Dietary 
surveys, including 24-hour recalls and food-frequency 
questionnaires, provide a rich source of information 
on food consumption,13 but are prone to misreporting 
and known to substantially underestimate total calorie 
intake.14–18 Estimates of how much food is available in a 
country are an alternative source of data provided by the 
Food and Agriculture Organization of the United Nations 
(FAO),19–21 which is regularly updated and used in global 
assessments of food-system impacts.4 6 22 However, food-
availability estimates have been found to overestimate 
actual intake if not carefully adjusted for food waste and 
do not provide information on sociodemographic differ-
ences such as across age groups and sexes within coun-
tries.23 24

When it comes to energy requirements, a comprehen-
sive literature exists to guide calorie planning at the indi-
vidual level,25 26 but there has been little development 
in assessing and updating the energy requirements at 
national and regional levels. The standard resource on 
human energy requirements that is still in regular use for 
policy planning at the population level is a joint report 
of several UN institutions (FAO/WHO/United Nations 
University (UNU)) first published in 1984 and revised in 
2004.27 28 It followed a now outdated factorial approach 
based on measurements of basal metabolic rates (BMR) 
and assumptions on physical activity, instead of measuring 
total energy expenditure directly. In addition, the data-
base of BMR measures contained a disproportionate 
number of physically active young Italian males, which 
has led to overestimates of energy requirements based on 
the derived equations.29 30 While improved methods for 
measuring total energy expenditure have been developed, 
their application has been limited to select countries.31

In this study, we estimate energy intake and require-
ments at global, regional and national levels and for 
sociodemographic groups within those. Complementing 
existing proxies for energy intake, we developed new esti-
mates of energy intake that are based on anthropometric 
measures. We estimated the energy intake required for 
current levels of body weight, height and physical activity 
by using predictive equations for estimating energy 
requirements that are based on an updated methodology 
and current best practice, and we paired those with global 
datasets of body weight, height and physical activity.31–37 
This approach of deriving energy intake has the advan-
tage of mirroring observed changes in physical activity, 
body weight, height and derived indices such as body 
mass index (BMI) across time and region. It can there-
fore be used to test the consistency of existing measures 
at the population level and to complement those in 
dietary analyses.

Using the set of predictive equations also allowed for 
estimating energy requirements to attain healthy levels 
of body weight, defined as being within the normal BMI 
category. In this study, we use the estimates of recom-
mended intake as an additional comparison. Comparing 
estimated intake to recommended intake provides a 
measure of energy imbalance as intakes above or below 
recommendations are expected to lead over time to 
increases or decreases in body weight.38 39 Measures of 
energy imbalance can therefore help inform dietary plan-
ning, impact assessments and policy analysis. For each 
country and to trace the evolution of energy imbalances 
over time, we provide estimated energy intake, require-
ments and imbalances both at an aggregated level as well 
as by age group, sex and urban/rural residence for the 
years 1990–2020.

METHODS
We estimated the energy requirements to sustain meas-
ured levels of body weight and heights, and estimated 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ Our estimates suggest that populations in almost all countries now 
have a greater energy intake on average than would be recom-
mended to attain healthy levels of body weight. The excess intake 
is largest in North America and smallest in sub-Saharan Africa. 
Intake below recommended levels persists in several low-income 
countries, especially among the rural population. Over the last thirty 
years, the number of countries with populations that consume less 
than recommended levels of energy has decreased by 50 countries 
or 90%. While various factors might be contributing to the estimat-
ed imbalances in energy intake, population-level approaches would 
be needed to address the near universal overconsumption of food, 
in particular energy-dense ultra-processed foods, whereas target-
ed interventions might be needed to address undernourishment 
among the rural population in those low-income countries that do 
not have well-functioning food systems, for example, due to conflict 
or institutional failure.
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levels of physical activity at global, regional and national 
levels by using predictive equations for estimating energy 
requirements (EERs). We used the EER equations that 
have been developed by the Committee on Dietary Refer-
ence Intakes for Energy of the US National Academies 
of Sciences, Engineering and Medicine (NAS), and 
released in 2023.31 The equations are based on estimates 
of total energy expenditure derived from a database of 
doubly labelled water (DLW) studies containing 8600 
values including all ages and life stages. Added to those 
were estimates of the energy costs of growth in children 
and of pregnancy and lactation in women. The final set 
of EER equations is differentiated by age (0–2.99 years, 
3–18.99 years, 19+ years), sex (female, male) and physical 
activity level (inactive, low active, active, very active), and 
for each of those strata is dependent on age, height and 
weight. The equations were validated against external 
DLW data that included 5056 participants. We provide an 
overview of the full set of EER equations in the Supple-
mentary Information (online supplemental tables 1–6).

The data on body weight and height were sourced 
from the Non-Communicable Disease Risk Factor Collab-
oration (NCD-RisC) which collected and harmonised 
measurements from population-based studies glob-
ally.32–34 The data are based on 3663 population-based 
studies with measurements of weight and height on 
22 million participants aged 5 and older. The data are 
differentiated by age, sex and urban/rural residence and 
are available for the years 1975–2016 and 1990–2022, 
respectively. We harmonised the data on body heights 
to a common time horizon of 1990–2020 by projecting 
forward birth cohorts and applying three-year rolling 
averages where required. In the absence of comparable 
data for years 0–5, we adopted normative values of weight 
and height from WHO’s reference growth standards for 
weight for age and height for age, and we used matching 
population data from the United Nations (World Popu-
lation Prospects and World Urbanization Prospects) for 
aggregating across countries and socio-demographic 
groups.40 The online supplemental tables 7–10 provide 
an overview of the data on body weight and height.

The data on physical activity were sourced from a global 
pooling analysis of surveys on physical inactivity among 
adults and adolescents commissioned by the WHO.35–37 
The estimates of physical inactivity cover the years 2001–
2016 and 2000-2022 and were derived from 298 school-
based surveys from 146 countries including 1.6 million 
students aged 11–17 years for adolescents, and from 
507 surveys across 163 countries including 5.7 million 
participants for adults. The estimates were made for the 
prevalence of physical inactivity as defined by the WHO, 
and in line with the NAS classification, as doing less than 
60 min of daily physical activity of moderate-to-vigorous 
intensity for adolescents, and doing less than 150 min of 
moderate-intensity or 75 min of vigorous-intensity phys-
ical activity per week for adults. In the absence of more 
detailed data, we assumed that the prevalence of phys-
ical inactivity among adolescents is indicative of physical 

inactivity among children, and that those who are not 
physically inactive can be classified as ‘active’ on average, 
which corresponds to the middle active category. Lastly, 
we adopted urban–rural splits in physical activity by 
income region from the Prospective Urban and Rural 
Epidemiology study based on data from 698 communi-
ties across 22 countries.41 Theonline supplemental tables 
11 and 12 provide an overview of the data on physical 
inactivity.

To calculate energy imbalances, we subtracted the 
energy requirements to sustain measured levels of body 
weights, height and physical activity from the energy 
requirements to sustain healthy body weights. We esti-
mated healthy body weights by using the estimates of body 
height together with recommended values of BMI which 
are calculated as weight in kilograms divided by height in 
metres squared. In line with WHO recommendations, we 
used the BMI category of normal weight (18.5–25 kg/m2) 
with a midpoint of 21.75 kg/m2 as recommended BMI 
in adults, which is also in line with values that minimise 
mortality risks in epidemiological cohort studies.11 12 For 
children and adolescents, we used growth reference data 
provided by the WHO, including recommended levels 
of BMI, weight and height for age.42 The online supple-
mental tables 9 and 10 provide an overview of the growth 
standards used.

We accounted for several sources of uncertainty in 
our analysis. The input parameters used for calculating 
energy requirements, in particular body weight, height 
and physical inactivity levels, are subject to uncertainty 
and have been estimated with low and high values of 
95% CIs. We used standard methods of error propaga-
tion (first-order Taylor expansions) to incorporate these 
input-related uncertainties into our calculations. In 
addition, the EER equations have been estimated with 
SEs.43 However, the Committee on the Dietary Reference 
Intakes for Energy of the US National Academies has 
argued that those apply when used for estimating energy 
requirements for individuals, but not at the group level 
for which the mean values are considered the preferred 
target values.31 We therefore do not apply them in our 
analysis. For contextualisation, we conducted a set of 
sensitivity analyses in which we varied our assumption on 
physical activity and optimal BMI, and we compared our 
estimates of total energy intake to other global estimates 
that are based on food availability data adjusted for food 
waste,20 21 and to estimates from dietary surveys in select 
countries.44–46

RESULTS
On average, 2160 kilocalories per person per day (kcal/
day) were required in 2020 to sustain measured levels 
of body weight, height and physical activity in that year 
(95% CI, 2100 to 2210 kcal/day) (table 1, figure 1, online 
supplemental table 13). The estimated energy intake 
ranged from 1200 (95% CI, 1150 to 1250) kcal/day in chil-
dren to 2520 (95% CI, 2460 to 2580) kcal/day in young 

https://dx.doi.org/10.1136/bmjph-2024-002244
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https://dx.doi.org/10.1136/bmjph-2024-002244
https://dx.doi.org/10.1136/bmjph-2024-002244


4 Springmann M. BMJ Public Health 2025;3:e002244. doi:10.1136/bmjph-2024-002244

BMJ Public Health

adults, and from 1930 (95% CI, 1880 to 1980) kcal/day in 
women to 2390 (95% CI, 2330 to 2450) kcal/day in men. 
Across urban/rural residence, it ranged from 2090 (95% 
CI, 2030 to 2140) kcal/day in rural areas to 2220 (95% 
CI, 2170 to 2280) kcal/day in urban areas. Across income 
regions, it ranged from 1980 (95% CI, 1900 to 2060) 
kcal/day in low-income countries to 2360 (95% CI, 2310 
to 2410) kcal/day in high-income countries, and across 
geographical regions, it ranged from 1990 (95% CI, 1920 
to 2060) kcal/day in sub-Saharan Africa to 2430 (95% 
CI, 2380 to 2470) kcal/day in North America. The three 
countries with the lowest intake were Timor-Leste, Congo 
and Niger (1870 to 1900 kcal/day), and the three coun-
tries with the highest intake were Cook Islands, Qatar and 
American Samoa (2540 to 2570 kcal/day).

In comparison, an average energy intake of 2070 (95% 
CI, 2030 to 2120) kcal/day was required to sustain healthy 
body weights with a BMI of 21.75 kg/m2 (18.5–25 kg/
m2) at current levels of physical activity and body heights 
(table  1, figure  1, online supplemental table 14). The 
requirements ranged from 1900 kcal/day (95% CI, 1880 
to 1920 kcal/day) for inactive populations who are mini-
mally active beyond what is involved in daily living to 2400 
kcal/day (95% CI, 2370 to 2430 kcal/day) for very active 
ones who add more than 2 hours of vigorous activity such 
as endurance sports or prolonged occupational activities 
per day (online supplemental tables 5 and 16). Across 
sociodemographic groups, the requirements ranged 
from 1200 (95% CI, 1150 to 1240) in children to 2430 
(95% CI, 2390 to 2480) kcal/day in young adults, and 

Table 1  Estimated energy intake, recommendations and imbalances (kcal/day) by demographic groups and regions in 2020. 
Group estimates were averaged by population and across all ages if not otherwise specified. Estimates are reported as mean, 
low and high values of 95% CIs. The values reported in the text are rounded to the nearest 10

Demographic level
Estimated energy intake 
(kcal/day)

Estimated energy 
recommendations (kcal/day)

Energy imbalance (kcal/
day)

Global

 � Average 2158 (2102 to 2213) 2073 (2021 to 2116) 85 (72 to 98)

Sexes

 � Females 1925 (1875 to 1976) 1852 (1813 to 1890) 74 (62 to 86)

 � Males 2388 (2327 to 2448) 2292 (2246 to 2338) 95 (81 to 110)

Age groups

 � Children 1202 (1153 to 1252) 1196 (1153 to 1239) 7 (0 to 13)

 � Adolescents 2191 (2141 to 2240) 2180 (2148 to 2212) 11 (−6 to 28)

 � Adults 2403 (2345 to 2462) 2280 (2235 to 2325) 123 (109 to 137)

 � Young adults 2518 (2460 to 2575) 2431 (2385 to 2476) 87 (75 to 99)

 � Middle-aged adults 2380 (2321 to 2440) 2222 (2178 to 2266) 158 (143 to 174)

 � Senior adults 2100 (2040 to 2161) 1962 (1916 to 2008) 138 (124 to 153)

Residence

 � Urban population 2225 (2168 to 2281) 2109 (2066 to 2152) 116 (102 to 130)

 � Rural population 2086 (2021 to 2141) 2041 (1998 to 2083) 45 (33 to 57)

Income region

 � High-income countries 2357 (2305 to 2410) 2177 (2139 to 2216) 180 (166 to 194)

 � Upper middle-income 2250 (2200 to 2300) 2135 (2098 to 2173) 115 (102 to 127)

 � Lower middle-income 2027 (1970 to 2083) 1995 (1949 to 2042) 31 (21 to 42)

 � Low-income countries 1976 (1896 to 2057) 1960 (1906 to 2014) 17 (−10 to 43)

Geographical region

 � North America 2425 (2380 to 2471) 2179 (2144 to 2214) 246 (237 to 256)

 � Latin America and Caribbean 2255 (2195 to 2314) 2094 (2048 to 2140) 161 (147 to 174)

 � Europe and Central Asia 2373 (2311 to 2435) 2202 (2162 to 2242) 171 (149 to 193)

 � Middle East and North Africa 2214 (2145 to 2282) 2060 (2008 to 2112) 154 (137 to 170)

 � East Asia and Pacific 2204 (2157 to 2252) 2125 (2089 to 2161) 79 (67 to 91)

 � South Asia 1995 (1944 to 2045) 1983 (1939 to 2028) 11 (6 to 17)

 � Sub-Saharan Africa 1987 (1917 to 2057) 1966 (1916 to 2016) 21 (1 to 42)

kcal/day, kilocalories per person per day.
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from 1850 (95% CI, 1810 to 1890) in women to 2290 
(95% CI, 2250 to 2340) kcal/day in men. Across regions, 
the requirements ranged from 1960 (95% CI, 1910 to 
2010) kcal/day in low-income countries to 2180 (95% CI, 
2140 to 2220) in high-income countries, and from 1970 
(95% CI, 1920 to 2020) kcal/day in sub-Saharan Africa 
to 2200 (95% CI, 2160 to 2240) kcal/day in Europe and 
Central Asia. The three countries with the lowest require-
ments were Congo, Afghanistan and Yemen (1890 to 
1900 kcal/day), and the three countries with the highest 
requirements were the Netherlands, Montenegro and 
Bosnia and Herzegovina (2310 to 2360 kcal/day).

Estimated intake exceeded energy requirements to 
attain healthy body weights by 80 (95% CI, 70 to 100) 
kcal/day on average (table  1, figure  2, online supple-
mental table 16). The imbalances were relatively smaller 
for children (7, 95% CI, 0 to 13 kcal/day) and adoles-
cents (11, 95% CI, −6 to 28 kcal/day), larger for middle-
aged and senior adults (160, 95% CI, 140 to 170 kcal/day; 
140, 95% CI, 120 to 150 kcal/day), and they ranged from 
70 (95% CI, 60 to 90) kcal/day in women to 100 (95% 
CI, 80 to 110) kcal/day in men. Across regions, average 
imbalances ranged from 20 (95% CI, −10 to 40) kcal/
day in low-income countries to 180 (95% CI, 170 to 190) 
kcal/day in high-income countries, and from 10 (95% 
CI, 6 to 17) kcal/day in South Asia to 250 (95% CI, 240 
to 260) kcal/day in North America. Out of 198 countries, 

192 (97%) had intakes above recommendations, and 6 
(3%) had intakes below (online supplemental table 17), 
with the latter ranging from urban residences in 2 coun-
tries (1%) to rural residences in 14 countries (7%). The 
three countries with the greatest exceedance were Amer-
ican Samoa, Cook Islands and Tokelau (330 to 380 kcal/
day), and those with the greatest shortfalls were Ethiopia, 
Timor-Leste and Eritrea (−20 to −40 kcal/day).

Between 1990 and 2020, estimated intake increased by 
130 kcal/day (6%) on average (figure 2, online supple-
mental table 18), ranging from 80 kcal/day (3%) in 
high-income countries to 200 kcal/day (10%) in upper 
middle-income countries, and from 90 kcal/day (4%) in 
Europe and Central Asia to 220 kcal/day (11%) in the 
Middle East. In contrast to 2020, estimated intake in 1990 
was below recommendations in low-income and lower 
middle-income countries on average (-30, 95% CI, −60 
to –1 kcal/d; −40, 95% CI, −50 to –20 kcal/day), whereas 
positive imbalances were relatively lower in high-income 
and upper-middle income countries (100, 95% CI, 90 
to 120 kcal/day; 16, 95% CI, 7 to 25 kcal/day). Across 
geographical regions, estimated intake in 1990 was below 
recommendations in South Asia (-60, 95% CI, −60 to –50 
kcal/day), sub-Saharan Africa (-30, 95% CI, −50 to –2 
kcal/day), and East Asia (-11, 95% CI, −18 to −4 kcal/day). 
In 1990, 56 countries (28%) had intakes below recom-
mendation, ranging from 40 (20%) in urban residences 

Figure 1  Estimated energy intake (a) and energy requirements to attain healthy body weights (b) in kilocalories per person per 
day (kcal/d) in 2020.

https://dx.doi.org/10.1136/bmjph-2024-002244
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to 63 (32%) in rural residences. Between 1990 and 2020, 
50 countries (25%) changed from average intakes below 
recommendations to intakes above (online supplemental 
table 17).

Sensitivity analysis
We conducted several analyses to assess the sensitivity 
of our results. To understand the contributions of each 
source of uncertainty, we iteratively varied each input 
parameter across its uncertainty range (online supple-
mental table 19). Using the low and high values of the 
estimates of body weights, physical activity and heights 
changed the estimated energy requirements of current 
intake by ± 40 kcal/day (2.0%), 30 kcal/day (1.5%) 
and 15 kcal/day (0.6%), respectively. The estimates of 
energy imbalances were not affected by changes in phys-
ical activity and height, because recommended intake 
changed in similar proportions as current intake. In 
contrast, healthy body weights are derived independently 
in the analysis (from optimal BMI levels). As a result, the 
changes in body weights did affect energy imbalances 
by either decreasing or increasing them by 25 kcal/
day (1.25%). Using the lower value led to a reversal of 
energy imbalances in low-income countries (from posi-
tive to negative), which we also captured in our main 

uncertainty analysis based on propagating the uncertain-
ties of each source (table 1).

Second, we conducted several sensitivity analyses 
around our assumptions on physical activity (online 
supplemental table 20). In the main analysis, we assumed 
the non-inactive population can be classified as being 
active on average. Assuming non-inactive populations 
adhere to low activity reduced energy requirements by 
4% (80 kcal/day), whereas assuming a very active popu-
lation increased requirements by 6% (110 kcal/day), but 
without affecting energy imbalances as recommended 
intake changed by the same proportion. In the main 
analysis, we assumed physical activity is similar between 
adolescents and children. Assuming 20% lower or 
higher activity in children than in adolescents changed 
the estimates of current and recommended energy 
intake in children by 20 kcal/day (1.7%) each, and the 
population-averaged intake by 4 kcal/day (0.2%), again 
without affecting energy imbalances. For the main anal-
ysis, we included a region-specific gap in physical activity 
between urban and rural populations of 8% on average, 
based on estimates from a subset of countries.41 However, 
assuming the gap in physical activity is either double as 
what we used in our main analysis or null, it had little 

Figure 2  Energy imbalance in 2020 (a) and 1990 (b) in kilocalories per person per day (kcal/day). The energy imbalance 
was calculated as the difference between estimated energy intake and recommended intake to attain healthy body weights. 
Negative values indicate intake below recommendations, and positive values indicate intake above recommendations.

https://dx.doi.org/10.1136/bmjph-2024-002244
https://dx.doi.org/10.1136/bmjph-2024-002244
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effect on estimated energy intake (<5 kcal/day) and 
imbalances (<0.2%).

Lastly, we conducted a set of sensitivity analyses around 
our assumption of healthy body weights and the associ-
ated BMI values (online supplemental table 21). In the 
main analysis, we used the midpoint of the normal BMI 
range (21.75 kg/m2) as recommended BMI in adults (and 
BMI derived from growth charts for children), which is 
in line with values that minimise mortality risks in epide-
miological cohort studies.11 12 A change in targeted BMI 
of 1 kg/m2 around the midpoint changed population-
averaged energy requirements by 25 kcal/day (1%), and 
using the lower and upper ends of the normal BMI range 
(18.5 kg/m2 and 25 kg/m2, respectively) decreased and 
increased the recommended energy intake by 80 kcal/
day (4%). There were no countries with average energy 
intake below the energy intake associated with the lower 
cut-off point between underweight and normal weight. 
On the other hand, there were 135 countries (68%) with 
intake above values associated with the upper cut-off 
point between normal weight and overweight.

DISCUSSION
Statement of principle findings
National health and food policies depend on having 
accurate estimates of energy intake, requirements and 
imbalances at the population level. Current measures 
of energy intake have major shortcomings, including 
substantial misreporting in dietary surveys14–18 and trans-
lating estimates of food availability to intake.23 24 In this 
study, we provide a third, complementary method which 
is based on estimating total energy intake by calculating 
the energy requirements for attaining measured levels 
of body weight, height and physical activity. By design, 
our estimates are in line with observed trends in these 
parameters.32–36 They indicate levels of energy intake 
that exceed levels recommended to attain healthy body 
weights in most regions, with greatest levels of excess 
intake in North America, and levels of intake that are 
below recommended intake in several sub-Saharan 
African and East Asian countries. Our estimates also 
highlight how total energy intake has evolved from 
a state of average shortfall to a state of average excess. 
While hunger and undernourishment continue to exist, 
they now coexist with increasing levels of overweight and 
obesity.33 34 Total energy intake mirrors these changes, 
and our estimates provide a consistent picture of the level 
and change in total energy intake over time and across 
regions and sociodemographic groups.

Meaning of the study: possible explanations and implications 
for clinicians and policymakers
While various factors might be contributing to the esti-
mated imbalances in energy intake, the near universal 
overconsumption of energy from foods that we identified 
suggests that population-level approaches would be most 
appropriate for addressing them.47 48 These can include 

the regulation of ultra-processed foods which are particu-
larly energy dense and have been found to increase 
overeating.49 Several countries and municipalities have 
recently started to levy health-motivated taxes on sugary 
drinks, with early results indicating beneficial changes 
in intake.50 51 In addition to sugary drinks and refined 
grains, red meat intake has also been associated with 
weight gain,52 which could warrant similar attention for 
both health and environmental reasons.1 7 We identified 
a relatively small number of countries whose populations 
have energy intake below recommended levels. However, 
this number increased when considering rural residen-
cies, which suggests that more targeted approaches could 
be warranted to address underconsumption. These can 
include policies to improve the functioning of local food 
systems and increase the affordability of healthy diets.53 
However, given that the identified countries, most of 
which are in sub-Saharan Africa, have a history of conflict 
and institutional failure, wider policy approaches that 
also target institutional resilience and internal conflict 
might be needed.54

Strengths and weaknesses in relation to other studies, 
discussing important differences in results
Our estimates complement and improve the available 
data on energy intake that are estimated from dietary 
surveys and food availability statistics. Data from dietary 
surveys tend to substantially underestimate total energy 
intake, which among other things has been attributed to 
incomplete reporting, unclear serving sizes and a social-
desirability bias of providing specific answers.14–18 We 
compared our estimates with the reported energy intake 
from several nationally representative dietary surveys,44–46 
which confirms this trend. The reported energy intake 
in adult men and women in 21 European countries, the 
USA and 8 Latin American countries was on average 
420–630 kcal/day lower than estimated intake (online 
supplemental table S22). At the reported levels, most 
populations in those countries would be underweight,31 
something that runs counter to observations.33 34 Most 
dietary surveys were not designed to accurately measure 
total energy intake,13 so this finding is not surprising per 
se. However, using consistent levels of overall energy 
intake is important for a range of applications for which 
dietary surveys form the basis, including nutritional,1 
dietary-risk,2 3 cost5 and environmental analyses.1 4 Our 
estimates can offer one measure of misreporting in 
national dietary surveys which could be used to energy-
correct their estimates.

An alternative source of intake estimates, often used 
in global and regional food-system assessments, stems 
from food availability data adjusted for food waste.19–21 
In contrast to dietary surveys, food-availability data have 
been shown to overestimate actual intake if not carefully 
adjusted for food waste.23 24 We compared our estimates 
with global data on food available for human consump-
tion adjusted for food waste, which confirms this obser-
vation (online supplemental table S23). In 2010 when 
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the data on food waste were last updated,21 both sets 
of estimates showed good overlap in high and middle-
income countries, with a difference of 5–10 kcal/day 
(0–1%), whereas differences increased to 90–110 kcal/
day (4–5%) in 2020. The differences were also greater 
and in opposite directions in low-income countries (−5% 
in 2010 and –9% in 2020). Explanations for the differ-
ences include increasing rates of food wastage in high 
and middle-income countries and incomplete reporting 
of food production in low-income countries, especially of 
home-produced foods and local fishing.55 We think our 
complementary estimates can inform how levels of food 
waste might have changed and what levels of overall food 
intake are not officially recorded, something that can 
have implications for estimates of undernourishment in 
low-income settings.

Strengths and weaknesses of the study
As other estimates, deriving levels of energy intake based 
on biophysical measures has shortcomings and is subject 
to caveats. The first relates to the extent and quality of 
the data we were able to use. While the data on body 
weights and heights were estimated from a comprehen-
sive collection of harmonised measurements,32 56 we 
used data on physical inactivity from pooled analyses of 
surveys which can be subject to biases related to recall 
and social desirability.35–37 In addition, we assumed 
the non-inactive population can be classified as being 
active on average. However, some populations’ activity 
levels might be more skewed towards low activity, while 
others might tend towards being highly active. One way 
of addressing this uncertainty, which we have followed 
in this study, is to compare estimated levels of intake to 
recommended levels of intake which are based on the 
same estimated distribution of physical activity levels in a 
population, making the relative difference between the 
two measures more robust than each measure individu-
ally. The same argument applies to uncertainties related 
to physical activity in children and between urban and 
rural populations, each of which changes absolute levels 
of estimated energy intake and recommendations, but 
without affecting imbalances. We expect future estimates 
to benefit from efforts to increase and harmonise the use 
of objective measures of physical activity (for example 
from accelerometers).37

Another source of uncertainty relates to the BMI 
values associated with healthy body weights. We chose 
the midpoint of the normal weight category (21.75 kg/
m2) as the mean target value for our estimates, but also 
reported the estimated energy requirements across the 
whole range of normal BMI values (18.5–25 kg/m2). Our 
choice of targeted BMI values is supported by two large-
scale meta-analyses on the association between BMI and 
mortality which identified risk-minimising values in the 
range of 20–25 kg/m2 on average in participants with at 
least 5 years of follow-up,11 decreasing to 20–22 kg/m2 
in people who never smoked cigarettes in their life with 
over 20 years of follow-up,12 and further to 18.5–20 kg/m2 

for specific regions such as East Asia and specific diseases 
such as coronary heart disease.11 Using the midpoint 
of the normal BMI range can therefore be considered 
conservative. Our sensitivity analysis indicated no country 
had an average energy intake below the low end of the 
normal range, implying that underweight (classified 
by BMI values lower than 18.5 kg/m2) is confined to 
subgroups within countries. Conversely, we found that 
two-thirds of all countries had a level of energy intake 
that is above the upper value of the normal BMI range 
(25 kg/m2), implying that populations in most countries 
can on average be classified as overweight. We included 
estimated energy requirements for the whole range 
of normal BMI values (in increments of 1 kg/m2) in 
the Supplementary Datafile57 and Information (online 
supplemental table 21) to allow for multiple comparisons 
and context-specific planning.

Lastly, the equations used to estimate energy require-
ments are associated with uncertainty, and they do 
not resolve how changes in energy intake affect body 
weight over time. We used predictive equations based 
on a comprehensive dataset of DLW studies that directly 
measured total energy expenditure,31 which contrasts 
with previous predictive equations based on measure-
ments of basal metabolic rates and assumptions on 
physical activity. Analyses have shown that the previous 
equations developed for two FAO/WHO/UNU consul-
tations tend to overpredict energy requirements due to 
imbalances in the underlying dataset which contained a 
disproportionally large number of physically active young 
Italian males.29 Although we used the most recent set of 
equations for predicting energy requirements, they are 
periodically updated as the underlying database becomes 
larger, something that will further improve the precision 
of the estimates. Our estimates provide a static picture of 
energy intake, requirements and imbalances in a given 
year. Validated models of weight change suggest that 
about half of a targeted weight change can be achieved 
within 1 year, and 95% within 3 years.38 This suggests 
that reductions or increases in energy imbalances have 
delayed impacts on anthropometric measures also at 
the population level, and that both would benefit from 
careful monitoring.

Unanswered questions and future research
Despite the uncertainties related to estimating energy 
intake, requirements and imbalances, such estimates 
are essential inputs for food, health and nutrition 
programmes and policies.8 Our analysis provides a 
comprehensive set of estimates that can be used at 
global, regional and national levels, and for sociode-
mographic groups within these. We believe they can 
help improve policy and impact assessments at the 
population level,4 6 22 and complement other key deter-
minants, including dietary composition, and the distri-
bution and level of production. As any measure of food 
intake, ours also comes with a set of caveats and uncer-
tainties. We therefore see them as a resource to be used 
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in complementarity with other estimates. For example, 
combining available proxies of food intake along the 
dimensions they are most reliable on (eg, total energy 
intake based on biophysical measures, dietary composi-
tion based on dietary surveys and food availability data) 
can be one way to address structural uncertainties and 
arrive at a more consistent and robust understanding 
of likely intake. This is especially relevant in situations 
in which exact measures of food intake are unavailable, 
including at the global level where food intake is a major 
driver of climate change and biodiversity loss.6 7 Building 
on continued global assessments of body weight, height 
and physical activity, we therefore suggest also including 
the derived estimates of energy intake, requirements and 
imbalances as standard measures in the surveillance of 
global nutrition and food systems.
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