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ABSTRACT
Objective: The “fetal origin of adult diseases hypothesis” encompasses the notion that intrauterine growth restriction (IUGR) 
alters fetal development trajectories. Various neonatal metrics inform IUGR, but not all contributors to IUGR have an impact on 
development trajectories. Chronic IUGR (twins) and slowly varying IUGR (seasonal) have little to no effect on later life trajec-
tories. Perhaps development trajectories may evolve through other mechanisms, as for example, multiple short-lived periods of 
IUGR and repeated stimulation of metabolic pathways.
Methods: Daily temperature variation could deliver a frequent IUGR as pregnant women would experience some degree of 
placental vasoconstriction during maximum/midday temperatures. We assessed the association with daily temperature ampli-
tudes for globally distributed records of crude fetal growth rates (CFGR) and BMI. Paired birthweight (BW) and gestational age 
(GA) data permitted analyses of CFGR in 70 countries and subsequent analysis of CFGR for association with daily temperature 
amplitude, seasonal temperature amplitude, mean annual temperature, calorie intake per day per−1 person−1, BMI, height, and 
socioeconomic conditions. Analog analyses were performed for gestational age, calorie intake, BMI, and height.
Results: CFGR and BMI showed a clear association with daily temperature amplitudes, which was not the case for gestational 
age, calorie intake, and height.
Conclusion: We show that daily temperature amplitudes are associated with both CFGR and BMI. These results permit a wider 
ecological appreciation of the hypothesis because daily temperature amplitudes inform environmental aridity and food scarcity. 
We discuss how scarcity, affluence, and the epidemiological environment influence the prevalence of afflictions associated with 
the fetal origin of adult disease hypothesis.

1   |   Introduction

The “thrifty genotype”/“fetal origin of adult diseases”/“develop-
mental origins of health and disease” hypotheses have, in past 
decades, been accepted as the principal explanation for an array 
of health challenges affecting current populations in developed 
countries (Buklijas and Al-Gailani  2023). The hypothesis was 
initially developed to address the rising prevalence of obesity, 
elevated blood pressure, and diabetes in developed countries 

in the mid-20th century. Before, these afflictions were seen as 
the product of a particular lifestyle (e.g., Harvey 1872). All in-
dividuals were equally vulnerable, and the condition could be 
amended by added physical activity and a change in diet. It was, 
however, increasingly clear that some individuals and certain 
families were more vulnerable to the adverse effects of a mod-
ern lifestyle. Thus, Neel  (1962) proposed that the underlying 
reason was of genetic origin and suggested that people with di-
abetes represented “A thrifty” genotype rendered detrimental 
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by “Progress”. He made parallels to sickle-cell anemia to clarify 
that a genotype could be advantageous under certain environ-
mental conditions, even though it generally had negative health 
impacts. The negative impact of “progress” was continued by 
Barker and Osmond  (1986), who argued that the underlying 
cause for later life health challenges was linked to nutritional 
deficits during fetal development. Thus, the association with 
nutritional conditions remained, but the origin was associated 
with differences in growth, that is, a phenotype. Neel (1999) and 
others (Prentice et al. 2005) continued their work on thrifty gen-
otypes, while others gradually changed course and perused the 
ideas connected to Barker and Osmond (e.g., Wells 2009). The 
“foetal origins of adult disease” rapidly gained traction and was 
widely adopted in the scientific community. As the hypothesis 
increasingly embraced the theories of evolutionary ecology, a 
rich vocabulary emerged. In some cases, the terminology was 
drawn directly from existing ecological theories, for example, on 
capital and income breeders (Wells 2010), which was expanded 
to embrace the peculiarities of humans (Wells et  al.  2019). In 
other cases, new concepts were coined to address specific as-
pects of the overarching hypothesis.

It is currently accepted that phenotype formation during 
embryonic and fetal development advances under the influ-
ence of various “environmental factors” (environmental cues; 
Wells  2006), which shape development trajectories (Mustillo 
et  al.  2003) and/or amend “fetal programming” (Godfrey and 
Robinson 1998). The environmental cues are integrated across 
the parental lineage (generational phenotypic inertia; Kuzawa 
and Fried  2017) and may result in a phenotype that is poorly 
matched with the actual environmental conditions (Predictive 
Adaptive Responses; Gluckman et al. 2005; Bateson et al. 2014). 
The inertia is linked to biological limitations associated with 
maternal physical size, parity, and nutritional status, which 
can limit/be permissive of fetal development (Gluckman and 
Hanson 2004). The socioeconomic setting is often seen as crit-
ical for pregnancy outcomes because several key contributors 
to fetal health have associations with the mother's socioeco-
nomic status (Wells 2023). There seems to be a convergence in 
the theoretical framework across multiple disciplines (e.g., Del 
Giudice 2014; Wells et al. 2019), and with a broader scope, we 
now refer to the “developmental origins of health and disease” 
(Hollstein et  al.  2020; Wells  2023). The more comprehensive 
application has emphasized the benefit and cost of adaptation, 
which increasingly considers life-history trade-offs. Pathologies 
are often cast as biologically meaningful events, even though 
they negatively influence the health and well-being of individu-
als (e.g., Del Giudice 2014).

Despite these advances, many unanswered questions limit the 
hypothesis's applicability as a model of phenotype formation in 
humans. What environmental cues are relevant, and how does 
phenotypic inertia modulate their impact? Is it meaningful to 
refer to development trajectories without defining a target, as 
described for physical growth and attainment of adult height 
(Tanner 1986)? Will the answers to such questions help us iden-
tify newborns who will meet health challenges in adulthood 
more accurately?

These questions seem particularly relevant when birth weights 
(BW) are used as indices of risk of elevated BMI and diabetes. 

“Low birth weight” (< 2500 g) was initially used as a biometric 
risk marker, while later studies often use other metrics such as 
“small-for-gestational-age” (SGA) and skinfold thickness to esti-
mate IUGR (Wilcox 2001). Contributions from maternal, fetal, 
placental, and environmental causes seem equally important 
(Suhag and Berghella  2013), and several studies suggest that 
differences in gestation length (GA, prematurity) also is asso-
ciated with added risk (de Mendonça et  al.  2020). The lack of 
specificity is compounded by evidence suggesting that large ne-
onates (> 4000 g) often have a higher risk of elevated BMI than 
normal and low-weight neonates (Zhao et  al.  2012) and that 
fetal growth restriction in many cases has limited bearing on 
future development trajectories. Thus, twins and triplets have 
little to no added risk, although they typically have reduced BW 
(Petersen et  al.  2011; Bjerregaard-Andersen et  al.  2013). Nor 
does seasonal variation in BW (Chodick et  al.  2009) and co-
occurring differences in maternal caloric intake (Westerterp-
Plantenga 1999) lead to a clear association with adult diseases 
like diabetes (Jensen et  al.  2015; Vaiserman et  al.  2009). The 
meager significance of permanent (twins) and gradually devel-
oping (seasonal) nutritional deficits compare well to that ob-
served in adults when they experience food deficits for several 
months (Keys et  al.  1950; Prentice et  al.  1992; Dulloo  2021). 
As suboptimal food intake continues, they gradually become 
leaner as they lose weight. Months later, when they eat ad libi-
tum, they initially overcompensate and achieve a higher weight 
and BMI than before starvation (Dulloo 2021). However, their 
weight will gradually be normalized to pre-starvation levels 
without any measurable physiological or metabolic change. It 
is, however, possible to alter physiology/physiological targets 
(BMI) in human adults (Kroke et al. 2002; Zou et al. 2021) and 
experimental animals (Brownell et al. 1986) by exposing them 
to recurrent weight loss and weight regain, which suggests that 
metabolic change can evolve through repeated stimulation of 
metabolic pathways. The current evidence supports that weight-
cycling may result in higher BMI. It also seems that there may be 
a risk of further development of diabetes (Mackie et al. 2017), but 
that it depends on the anatomical-physiological reference point 
and the age when weight-cycling begins, ethnicity, and so forth. 
(Field et al. 2004; Wells 2012; Montani et al. 2015; Yokomichi 
et al. 2017; Andréasson et al. 2022).

Accepting that repeated stimulation of metabolic pathways in 
early life (rather than an accumulated effect measured at par-
turition) influences development trajectories is a simple way 
of addressing the poorly defined association between BW and 
development trajectories. However, assessing the frequency of 
intrauterine nutrition deficiencies induced by socioeconomic 
stressors and infections is problematic because these phe-
nomena would not show predictable frequencies throughout a 
pregnancy. Albeit, we can investigate whether the frequency of 
nutrient deficits is relevant because elevated temperatures neg-
atively affect pregnancies (Roberts 1969; Wells and Cole 2002; 
Jensen and Sørensen  2013). Placental vasoconstriction during 
daily maximum temperatures can diminish nutrient delivery 
(Hansen  2009; Choudhari  2022) and deliver predictable high-
frequency intrauterine nutritional perturbations through di-
minished placental blood flow. Hence, fetal growth rates and 
BW should be affected in populations that live in locations with 
high daily temperature amplitudes. Regrettably, this interpreta-
tion seems remote from any ecological context, and it is difficult 
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to connect to an ecological or evolutionary logic. We cannot 
offer simple, intuitive explanations such as those presented in 
earlier works (Neel 1962; Neel 1999), which, with support from 
WWII famine studies, proposed that historical famines occur-
ring throughout human history favored a thrifty genotype/
phenotype (Bleker et al. 2021; De Rooij et al. 2022; Tolkunova 
et al. 2023). Suppose we seek a past evolutionary context, which 
could allow humans to adapt to such perturbations or adopt 
daily temperature amplitudes as an environmental cue. In that 
case, we must look further back into our history.

Daily temperature amplitudes are an environmental index that 
indirectly informs of the lack of environmental resources and/
or the need for an extensive home range. High daily amplitudes 
(up to 20°C) are observed at high altitudes and in arid regions 
where water bodies and vegetation are scarce or absent (Wang 
et al. 2014; Jang et al. 2022; see global map in Wikipedia 2024). 
Where rainfall, water bodies, and vegetation are abundant, 
daily amplitudes decline towards a minimum of five degrees 
Celsius. It can thus be speculated that a thrifty (oligotroph) 
phenotype/genotype emerged within human populations be-
cause our species lived in arid African environments for an ex-
tended period. Possibly, early humans began to cope with the 
energetic challenges of arid environments like other animals 
do (Grimaldi et al. 2015; Rocha et al. 2021). As humans later 
spread across the world, differences between ethnic groups 
emerged (Wells 2012) due to founder effects and genetic drift. 
Whether this elaborate vision is true or not, we must return to 
more recent socioeconomic “progress” to explain why the asso-
ciated health challenges emerged in the 20th century (see dis-
cussion for further details).

Contemplating the impact of daily temperature amplitudes is un-
conventional, but at the same time, a logical extension of previous 
work on human plasticity in relation to climate (Roberts 1978). 
It has been argued that climates, that is, the long-term effect 
of temperatures, influence human anthropometrics and that 
the response aligns with Bergman's rule (Bergmann  1847; 
Foster and Collard 2013; Bindon and Baker 1997; but see Bogin 
et  al.  2022; Pomeroy et  al.  2021), that is, that animals tend to 
attain larger size in cooler climates. As BW is associated with 
height (Kramer 1987), we can expect that BW is related to mean 
temperatures, as noted by Roberts  (1969), (but see Wells and 
Cole 2002; Jensen and Sørensen 2013). Similar notions are given 
by Allen's rule (Allen 1877), which states that the body's extrem-
ities will be shortened in cooler climates. Human populations 
adhere to Allen's rule due to postnatal temperature growth re-
strictions induced by vasoconstriction (Serrat et al. 2008; Betti 
et al. 2015). Albeit, Allen's rule only affects populations at very 
high latitudes, which means that people tend to grow larger and 
heavier (higher BMI) with increasing latitudes (Roberts  1953; 
OWD 2019; GHO 2020). Last, there is a theoretical foundation 
for assuming that the timing of births occurs in tune with sea-
sonal resource availability (Varpe  2017). Hence, the seasonal 
variation in BWs (Chodick et  al.  2009) could result from sea-
sonal physiological variations combined with a long-term adap-
tation to local weather patterns (Pereira et al. 2012).

We assessed the association between annual mean tempera-
ture, seasonal temperature amplitudes, daily temperature am-
plitude, BW, gestational age (GA), and crude fetal growth rate 

(CFGR = BW/GA) in a globally distributed sample that encom-
passed significant differences in daily temperature variation 
(n = 163). In aggregating these for each nation (n = 70), we also 
assessed whether the global variation in calorie intake, BMI, and 
height is associated with average daily temperature variation. 
By optimizing our selection of data records (excluding data on 
individuals and communities) and aggregating these by country, 
we improve our ability to detect general patterns of adaptation. 
This also meant that the influence of socioeconomic and cul-
tural factors (Anekwe et  al.  2020) was suppressed, and hence 
the outcome primarily addresses general associations shared by 
larger aggregates/populations.

2   |   Materials and Methods

We analyzed and compared the outcome for several attributes, 
including BW, GA, CFGR, calorie intake, BMI, and height. We 
expected an impact of daily temperatures on BW, CFGR, and 
BMI. Secondary effects were likely for GA and height, while no 
effect was expected for calorie intake. The negative expectation 
was rooted in the theoretical consideration that when mammals 
in arid environments seek to improve their energy balance, they 
cannot do so by simply enlarging their home range/increasing 
their food intake. Adaptations in arid environments should 
instead involve improvements in nutrient absorption and post-
absorption processes, which also allow an increase in the pro-
duction/supply of metabolic water (Rocha et  al.  2021). These 
considerations can also explain why human anthropometric 
measurements in African countries indicate a higher food in-
take (uptake) than the food availabilities suggested by FAO's sta-
tistical records (van Wesenbeeck et al. 2009).

We compiled paired records of BW and GA, which permitted 
an assessment of CFGR. The dataset included geographically 
less accurately defined normative studies that included data 
from national registries from larger countries like the USA and 
Canada. The total sample included 163 observations from 120 
locations. The “location” of national and regional samples was 
defined as the capital of the country, the provincial capital, or 
the largest city in the region. The mean year of the sample was 
2000, sd 16.

We retrieved matching information on temperatures for each 
of the locations. Thirty-year mean daily maximum and mini-
mum temperatures from the warmest and the coolest months 
were identified for each location. We first searched for the 
temperatures in the online record of the World Meteorological 
Organization (WMO 2021). If unavailable, we searched in World 
Weather Online (WWO 2021), and in a single instance, we found 
the information on Time and Date (TAD  2021). Eighty-three 
percent of the records (83%; 136/163) originated from WMO, 
16% (26/163) from WWO, and 0.5% (1/163) from TAD. We used 
the mean temperature (mean of the four measures), seasonal 
temperature amplitude (the mean temperature in the warmest 
month minus the mean temperature in the coolest month), and 
the mean daily temperature amplitude from the coolest and the 
warmest months for analysis.

While deleting countries/regions that could not be included in the 
following analysis (The Faroese islands, Taiwan, etc.), the data 
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was aggregated into 70 countries with 2.0 sd 1.7 observations per 
country. Means for national BW, GA CFGR, and temperatures 
were calculated and supplemented with national records for other 
population attributes. Last, we inspected whether data aggregation 
affected the association between temperatures and CFGR. We did 
this by perusing the association between CFGR and mean annual 
temperatures, seasonal amplitudes, and mean daily amplitudes for 
both data sets (n = 163 and 70, respectively).

2.1   |   Statistical Evaluation

The initial model for analyzing global variation in CFGR in-
cluded the three mentioned temperatures, representing thermic-
environment characteristics. The initial model was:

We then added additional variables, expecting that these would 
show a more specific association, and removed those variables 
that became non-significant (forward selection, p > 0.05). We in-
dividually introduced the variables into the model to minimize 
the risk of identifying spurious associations due to confounding/
strong cross-correlations (Table 1). The attributes were added in 
the following order: (1) Calorie intake day−1 person−1 as provided 
by FAO (FAO  2001; FAO  2008; FAO  2020), (2) BMI (mean of 
male and female BMI for +18 years, GHO 2020), (3) Height (mean 
of male and female height, cm; OWD 2019), and (4) Economic 
status given as low income, lower middle income, upper mid-
dle income, or high-income country (Gapminder  2018). When 
the analytical sequence was completed, all variables removed in 
a given analytical step were added again and removed if found 
non-significant. The FAO file (FAO 2020) that provided infor-
mation on calorie intake included data for 1991, 1996, 2001, 
and 2007, that is, covering 10 years before and after the mean 
year of observation. The data for other attributes included the 
same years.

We identified the attributes associated with daily temperature 
amplitudes with the analytical sequence. Some associations 
with daily amplitudes appeared statistically weak, so we con-
tinued to add CFGR to the final model and removed the attri-
butes that became insignificant (p > 0.05). We accepted a change 
in outcome following the addition of CFGR as an indication of 
“weak effects,” while an unaltered outcome implied “strong ef-
fects.” All statistical analyses were performed in SAS 9.4, SAS 
Institute, Cary, USA.

3   |   Results

Both BW and GA showed clear variation over latitudes 
(Figure 1A,B). CFGR showed a clear association with mean an-
nual temperatures and daily temperature amplitudes in the non-
aggregated (Model 1, Table 2, Figure 1C) and aggregated (Model 
2) data sets, indicating that aggregation did not affect the asso-
ciations. The analysis of CFGR identified a significant positive 
association between height and BMI, while daily temperature 
amplitudes had a negative association (Model 3). These three 
variables explained about 2/3 of the global variation in CFGR.

Analysis of GA yielded a relatively weak association with mean 
temperature and seasonal amplitudes, while socioeconomic sta-
tus assigned higher GA for high-income countries (Model 4). GA 
had limited global variation and was generally poorly explained 
(Figure 1B, Table 2, Model 4, R2 = 0.34). Hence, the analysis of 
BWs led to the same outcome as the analysis of CFGR when GA 
was included (Model 5). Daily temperatures negatively affected 
BWs with 16.4 se: 5.0 g pr °C.

The analysis of calorie intake did not show any association 
with daily temperature amplitudes, and adding CFGR to the 
final model did not indicate that it was relevant in the con-
text (p = 0.68, Model 6, Table  3). For BMI, Socioeconomic sta-
tus explained substantial parts of the global variation, but the 

CFGR = a ×mean + b × seasonal amplitude + c × daily amplitude + Error

TABLE 1    |    Pearson Correlation Coefficients for selected variables used in the statistical analyses (n = 70). Crude fetal growth rate (CFGR, g/day), 
Height (cm) BMI (weight/height2), annual mean temperature (°C), Seasonal temperature amplitude (°C), daily temperature amplitude in the coolest 
month (°C), and daily temperature amplitude in the warmest month (°C) of the year. Temperatures are 30-year means.

Calories 
day−1 

person−1 (1)

Height 
female 

(2)

Height 
male 

(3)

BMI 
female 

(4)

BMI 
male 

(5)

Annual 
mean 

temperature 
(6)

Seasonal 
amplitude 

(7)

Daily 
amplitude 

coolest 
month (8)

Daily 
amplitude 
warmest 

month

CFGR 0.62 0.73 0.77 0.50 0.67 −0.61 0.43 −0.56 −0.29

1 0.72 0.77 0.57 0.80 −0.62 0.63 −0.49 −0.11

2 0.98 0.44 0.66 −0.70 0.61 −0.58 −0.15

3 0.50 0.74 −0.72 0.62 −0.58 −0.15

4 0.86 −0.23 0.34 −0.05 0.25

5 −0.53 0.52 −0.32 0.07

6 −0.76 0.52 0.21

7 −0.32 0.06

8 0.67
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contribution from daily amplitudes was also quite clear (Model 
7). Adding CFGR to the model did not change the outcome 
(Model 9). Last, the height analysis showed a clear association 
with mean temperatures and BMI and a weaker association 
with daily amplitudes and socioeconomic conditions (Model 8). 
Daily temperature amplitude was removed from the model after 
adding CFGR (Model 10).

4   |   Discussion

The outcome of the analysis of CFGR was consistent with pre-
vious research showing that BW is strongly associated with 
maternal height and some measure of food intake (calories or 
BMI; Kramer 1987). There is, however, no direct association 
with socioeconomic conditions, even though they, without 
exception, influence adult metrics. The analysis of BMI also 
delivers the expected results, as it would be almost inevita-
ble that calorie intake and socioeconomic status would ex-
plain a substantial part of the global variation in BMI (Azam 
and Idrees 2019). In both analyses, daily temperature ampli-
tudes offer significant explanatory power when considering 
the main known contributors. The same is not the case for 

GA, calorie intake, or height, even though they also have as-
sociations with (other) environmental and/or socioeconomic 
factors.

Each of the variables in Models 3 and 7 points to a set of 
“causes” contributing to CFGR and BMI variation. However, 
viewing the associations as present or absent is not helpful 
because the attributes are mutually dependent. Thus, CFGR 
has no direct link to socioeconomic conditions, but there is an 
indirect association through its association with height. When 
we acknowledge that nutritional, energetic, and epidemiologi-
cal environments contribute to differences in height (Pomeroy 
et al. 2021; Gowland and Walther 2018; Tanner 1990), we must 
accept that this is also partly true for CFGR. Our comments 
on the BMI analysis would be similar, but we would stress 
the importance of dietary components and socioeconomic 
conditions (Kuzawa and Eisenberg  2012). In comparing the 
outcomes, CFGR and BMI are coupled, such that BMI in-
creases CFGR (Model 3) and CFGR increases BMI (Model 9), 
and there are no negative contributions in these simple mod-
els that would allow BMI and CFGR to stabilize. Hence, high 
parental BMI supports high BMI in the following generations 
(Gilley et  al.  2023), perpetuated by a range of physiological 

FIGURE 1    |    Birth weight (BW) and gestational age (GA) data overview. (A) Scatterplot of BW vs. latitude. (B) Scatterplot of GA vs. latitude (C) 
Crude fetal growth rates (CFGR) for individual locations vs. latitude (●, n = 163) and countries (○, n = 70), (D) Scatterplot of fetal weights for weeks 
30, 35, and 40. The data on fetal weight at weeks 30, 35, and 40 was based on 86 publications on national/regional fetal growth rates aggregated to 
34 nations.
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and behavioral factors (Blair et al. 2020). The impact of daily 
temperature amplitude on BMI works independently of this 
association. We could speculate that altered sleeping patterns, 
daytime reductions in physical activity (Booth et  al.  2012), 
and reduction in body temperatures during the day (Grimaldi 
et  al.  2015) deliver added negative feedback by reducing the 
impact of daily temperatures for people with an elevated BMI. 
Unsurprisingly, reducing calorie intake and augmenting en-
ergy expenditure (e.g., Böckerman et al. 2010) will reduce BMI 
and CFGR (Gentil et al. 2020).

The interpretation of the analysis of height is more straight-
forward because we only acknowledge three contributors 
(Table  3, Model 10). Changes in height are typically allome-
tric such that the extremities (tibia and femur) contribute rel-
atively more to changes in height than changes to the upper 
body (Tanner 1990; Jantz and Jantz 1999), but all parts of the 
body will be elongated during height increments. Ad  libitum 
intake of high-quality food (e.g., animal protein) is known to be 

permissive of added juvenile growth (Grasgruber et al. 2016), 
but high protein intake may eventually have a negative impact 
(Xiong et al. 2023). Conversely, high energy expenditure (phys-
ical work) and infectious diseases limit growth (Tanner 1990; 
Hedges et al. 2017). Here we note that the factors that permit 
high CGFR also permit later growth, while low mean tem-
peratures and poor financial settings have a negative effect. 
Mean temperature likely affects the growth of body extremities 
(Serrat et al. 2008; Betti et al. 2015), while other factors such as 
physical work (lower incomes) have a more generally negative 
impact (e.g., Böckerman et al. 2010).

The level of explanation in the models is relatively modest. This 
is partly due to the (forced) assumption that the attributes of 
the mothers (and fathers) in the BW records matched the char-
acteristics of the general population in the calorie, BMI, and 
height records. If the general population did not experience 
temperatures similar to those of the mothers who delivered 
the infants, it would also be a source of error. Other significant 

TABLE 2    |    The statistical outcome for analyses of crude fetal growth rates ((CFGR: Birth weight (g)/gestational age (days)), Gestational age (GA) 
and birth weight (BW) for association with temperatures, anthropometrics, and socioeconomic status. Model 1 included 163 observations, while 
Models 2 to 5 included 70 observations.

Variable Parameter Estimate SE t value Pr > |t| R2

Intercept 13.12 0.19 68.01 < 0.0001 0.44

CFGR Mean temperature −0.05 0.01 −7.02 < 0.0001

Model 1 Seasonal amplitude 0.00 0.01 −0.43 0.66

Daily amplitude −0.06 0.01 −4.29 < 0.0001

Intercept 12.92 0.32 40.51 < 0.0001 0.48

CFGR Mean temperature −0.04 0.01 −3.14 0.002

Model 2 Seasonal amplitude 0.00 0.01 0.05 0.96

Daily amplitude −0.06 0.02 −2.53 0.01

Intercept 1.25 1.84 0.68 0.49 0.66

CFGR Height 0.05 0.01 4.09 0.0001

Model 3 BMI 0.10 0.03 3.46 0.0009

Daily amplitude −0.06 0.02 −3.38 0.0012

GA Intercept 277.63 2.70 102.76 < 0.0001 0.34

Model 4 Mean temperature −0.20 0.09 −2.23 0.03

Seasonal amplitude −0.19 0.08 −2.51 0.01

High Income 4.01 1.79 2.25 0.02

Upper middle income 0.30 1.71 0.18 0.86

Lower middle income −0.92 1.71 −0.54 0.59

Low income 0.00

BW Intercept −3323.38 871.54 −3.81 0.0003 0.74

Model 5 Gestational age 13.77 3.32 4.15 < 0.0001

Daily amplitude −16.44 5.06 −3.25 0.0018

BMI 27.25 7.92 3.44 0.001

Height 13.65 3.80 3.59 0.0006
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TABLE 3    |    The statistical outcome for analyses of mean daily calorie intake, BMI, and height for association with temperatures, anthropometrics, 
and socioeconomic status. The models included 70 observations. The label ‘Without inclusion of CFGR’ refers to models that did not consider CFGR, 
while the label ‘With inclusion of CFGR” models included CFGR, and thus permit an effect of daily temperature amplitudes through CFGR.

Mode Variable Parameter Estimate SE t value Pr > |t| R2

Without inclusion of CFGR Intercept 874.61 453.09 1.93 0.06 0.76

Calories Seasonal amplitude 12.33 4.14 2.98 0.004

Model 6 BMI 51.80 20.94 2.47 0.02

High income 775.19 149.66 5.18 < 0.0001

Upper middle income 471.29 140.75 3.35 0.001

Lower middle income 200.20 119.87 1.67 0.09

Low income 0.00

Intercept −5.08 8.32 −0.61 0.54 0.68

BMI Daily amplitude 0.27 0.06 4.39 < 0.0001

Model 7 Calories 0.0012 0.0006 2.00 0.05

Height 0.13 0.05 2.42 0.02

High income 3.18 0.90 3.55 0.0007

Upper middle income 3.05 0.72 4.25 < 0.0001

Lower middle income 1.99 0.64 3.12 0.003

Low income 0.00

Intercept 152.78 5.11 29.93 < 0.0001 0.74

Height Mean temperature −0.18 0.06 −3.23 0.002

Model 8 Daily amplitude −0.36 0.15 −2.41 0.02

BMI 0.81 0.25 3.21 0.002

High income 1.91 1.95 0.98 0.33

Upper middle income −0.83 1.69 −0.49 0.62

Lower middle income −2.46 1.47 −1.67 0.09

Low income 0.00

With inclusion of CFGR Intercept 2.06 3.84 0.54 0.59 0.71

BMI CFGR 1.15 0.32 3.55 0.0007

Daily amplitude 0.29 0.06 4.94 < 0.0001

Model 9 Calories 0.0014 0.0005 2.58 0.01

High income 2.72 0.88 3.11 0.003

Upper middle income 2.44 0.71 3.46 0.001

Lower middle income 1.35 0.60 2.25 0.03

Low income 0.00

Intercept 127.82 8.48 15.07 < 0.0001 0.76

Height CFGR 3.31 0.73 4.56 < 0.0001

Model 10 Mean temperature −0.12 0.05 −2.15 0.03

High income 3.57 1.44 2.48 0.011

Upper middle income 0.44 1.32 0.33 0.74

Lower middle income −2.04 1.28 −1.59 0.11

Low income 0.00
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contributions were linked to the relatively low accuracy for BWs 
and GAs (Skupski et al. 2017), which in equal terms would apply 
to different attributes like calorie intake (Cialfa et al. 1991; Thar 
et al. 2020). It is, however, more meaningful to emphasize that 
we only considered key contributors that define the “maternal 
phenotype” (food intake, height, weight). The lack of infor-
mation on parity and nuptial status (Kramer  1987), work-life 
(Spencer et al. 2022), macronutrient intake (protein, fat, carbo-
hydrates; Lechtig et al. 1975), micronutrient supplements (iron, 
folic acid, etc. Christian 2010), microorganism infection (mea-
sles, influenza, malaria, etc., e.g. Siegel and Fuerst 1966), and 
so forth, limits our ability to explain the total global variation in 
BW and CFGR (R2 < 0.75). The importance of these omissions is 
more evident in the analysis of GA (Table 2; Model 4; R2 < 0.34) 
because the maternal phenotype (height, weight) has a weaker 
association with GA than with CFGR and BW (Kramer  1987; 
Savitz and Pastore 1999).

It could also seem disconcerting that we assign importance to 
relatively small differences in CFGR. The small number and 
even minor differences in CFGR result from dividing BW with 
GA (Figure 1C), that is, the average weight gain per day for the 
entire pregnancy. However, global differences in fetal weight are 
relatively slight at week 30 (Figure 1D); hence, the worldwide 
pattern of BW emerges in the last 5–10 weeks before parturi-
tion. With this, we would argue that the “true” differences in 
daily fetal weight gain are several-fold higher, as they emerge 
in the last 20%–25% of the pregnancy. The significance of daily 
temperature amplitudes is perhaps better appreciated from the 
analysis of BW (Table 2, Model 5), which indicates that the daily 
temperature amplitude negatively affects BW with approx. 16 g 
per degree. Since daily temperature amplitudes vary globally 
between 5°C and 15°C, we may account for a 160 g difference 
in BW, representing a sizable part of the total global variation 
in BW (3000 to 3700 g, Figure  1A). Other contributions from 
temperatures are channeled through height and calorie intake, 
which account for the diverse contribution of the thermal en-
vironment to CFGR and BMI (Roberts  1953). The association 
seems compelling, but it is impossible to determine whether a 
nutritional deficit equaling 50–100 g BW will change fetal de-
velopment trajectories or whether changes emerge from “falling 
slightly short” every day for 1–2 months. However, in logical 
terms, daily temperature amplitudes must deliver an impact 
day by day either during the pregnancy or by modulating the 
maternal phenotype. Arguing that daily amplitude works by al-
tering the maternal phenotype could inspire the hypothesis that 
mothers to some extend protect their unborn children from daily 
nutritional perturbations by reducing the nutrient flow, that is, 
they adopt daily amplitudes as an environmental cue. To provide 
more compelling evidence of an associated change in fetal devel-
opment trajectory in the gestational period, we must peruse the 
given associations for multiple GAs and show that the associa-
tion changes during the pregnancy, for example, a high-calorie 
intake is associated with higher fetal weight in week 40 but a 
lower fetal weight in week 30.

Multivariate analysis of cross-sectional data records is a stan-
dard testing platform for initial analyses. However, it can-
not carry the burden of evidence alone because pre-analysis 
choices (data selection, transformations, data omissions, 
etc.) substantially influence the outcome. Our comparative 

approach may carry more weight, as we can discriminate 
between two attributes that should be affected by daily tem-
perature amplitudes (CFGR and BMI) and one that should not 
(calorie intake). These ideas are, however, also of interest be-
cause they add cohesion across physiological and ecological 
aspects of the hypothesis. With the impact of daily tempera-
ture variation, we assign importance to physiological processes 
because a diurnal temperature range of 15°C to 25°C has the 
same impact as a variation from 25°C to 35°C. We must refer to 
acclimation and other types of adaptation processes to account 
for the claim that a daily variation of 10°C has the same impact 
on populations living under different mean temperatures. It 
will, however, require substantial efforts to fully establish that 
our thermal environment plays a crucial role in human phe-
notype formation, not only for the effect of daily temperatures 
on CFGR but also for other associations, such as, for example, 
the effect of (seasonal) temperatures on calorie intake (table 3, 
Model 6, Johnson and Kark 1947).

The next logical step would be to determine whether daily tem-
perature amplitudes are associated with patterns of infectious 
disease mortality because this would allow for a more compre-
hensive understanding of the environmental factors related to 
thriftier phenotypes (Zoppini et al. 2018; Ragsdale et al. 2019; 
Corona et al. 2021). As a first step, we would connect the “de-
velopmental origins of health and disease hypothesis” with 
the epidemiological transition theory (Omran  1969; Santosa 
et  al.  2014), as it allows us to appreciate how the impact of 
historical famines, and negative impact on pregnancies, var-
ied with socioeconomic “progress”. Initial studies on the fam-
ine in the Netherlands (1945/1946) showed that a reduction 
in BW of approx. 200 g was associated with various adverse 
health impacts and documented changes in the life history of 
individuals exposed to the famine (Bleker et al. 2021; De Rooij 
et  al.  2022). Less persuasive findings have, however, been re-
ported from other war-induced famines in for example, Japan 
(Matsushima et al. 2018) and Korea (Han and Hong 2019); and 
recent studies have only shown a limited impact of famines in 
Russia (Tolkunova et al. 2023) and Ethiopia (Arage et al. 2020). 
Despite their differences, these observations are not ambiguous 
but underline that an inspection of later life developments re-
quires a high survival rate among low BW neonates during the 
famine (Lindeboom and Van Ewijk 2015). In the terminology of 
epidemiological transition theory, we would state that the later 
life impacts of famines become apparent late in Stage 2 (“the 
age of receding pandemics,” that is, after infant and child mor-
tality is reduced), which the Netherlands entered in 1910–1914 
(Santosa et al. 2014). Other European countries, like Italy, were 
soon to follow, and it is here we find that the decrease in peri-
natal mortality was associated with a divergence in BWs (Ulizzi 
and Terrenato  1992). The same is evident in Germany, where 
the records also allow for an assessment of calorie intake, mean 
birth weight, and the BW distribution over a century (Figure 2), 
which can be interpreted in terms of scarcity and affluence. 
Ninety-two (92%) of German mothers delivered neonates with 
BW of 2500 to 3999 g in 1912 (Peller and Bass 1924, Figure 2), 
which was reduced to 82% in 2012 (UN 2023). The numbers for 
the neighboring country, Denmark, were 85% in 1968 and 80% 
in 2008 (UN 2023), which could explain the increase in obesity 
and diabetes in these countries (e.g., Thomsen et al. 1999). We 
have not implicitly considered the epidemiological stage in our 
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analyses because it is of little relevance in the study of the mean 
BW. We also believe that it is a fair assumption to accept in-
come groups as proxies for the epidemiological stage and, hence, 
that appropriate adjustments have been made in the analysis 
of BMI and height. High income could thus be understood as 
Stage 4, under which a higher proportion of low and high BW 
neonates are born and survive to adulthood. Even though our 
understanding of BW diversification under the epidemiological 
transition remains unclear, we accept that health challenges in 
current populations emerged under a weakening stabilizing se-
lection (Ulizzi and Terrenato 1992). The scale of the phenomena 
encompassed by the “fetal origin of adult diseases hypothesis” 
is thus likely contingent on the BW divergence associated with 
socioeconomic “progress”.

5   |   Conclusion

Our simple assessment considered that thriftier phenotypes are 
associated with high-frequency temperature variations, which we 
explored by parallel analysis of global variation in CFGR and BMI. 
We showed that daily temperature amplitudes add to the level of 
statistical explanation for both CFGR and BMI but not for other 
population attributes. It must, however, be emphasized that the 
association between BW and BMI/obesity/diabetes is contingent 
on the epidemiological environment because it unfolds under low 
perinatal, infant, and child mortality rates. We also find that the 
models are mutually consistent and that the outcome “tally up” in 
a statistical sense, which supports ideas of interdependency across 
anthropometrics and traits, as it is accepted under the develop-
mental origins of health and disease hypothesis.

Author Contributions

Per M. Jensen: conceptualization, data curation, formal analysis, meth-
odology, visualization, writing – original draft. Marten Sørensen: visu-
alization, writing – review and editing.

Acknowledgments

This study was only possible with free access to FAO, WHO, UN, 
Gapminder, WMO, WWO, and TAD data records. The authors declare 
that no funds, grants, or other support were received during the prepa-
ration of this manuscript.

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The authors have nothing to report.

References

Allen, J. A. 1877. “The Influence of Physical Conditions in the Genesis 
of Species.” Radical Review 1: 108–140.

Andréasson, K., J. Edqvist, M. Adiels, et  al. 2022. “Body Mass Index 
in Adolescence, Risk of Type 2 Diabetes and Associated Complications: 
A Nationwide Cohort Study of Men.” EClinicalMedicine 46: 101356. 
https://​doi.​org/​10.​1016/j.​eclinm.​2022.​101356.

Anekwe, C. V., A. R. Jarrell, M. J. Townsend, G. I. Gaudier, J. M. Hiserodt, 
and F. C. Stanford. 2020. “Socioeconomics of Obesity.” Current Obesity 
Reports 9: 272–279. https://​doi.​org/​10.​1007/​s1367​9-​020-​00398​-​7.

Arage, G., T. Belachew, H. Hassen, et  al. 2020. “Effects of Prenatal 
Exposure to the 1983–1985 Ethiopian Great Famine on the Metabolic 
Syndrome in Adults: A Historical Cohort Study.” British Journal of 
Nutrition 124, no. 10: 1052–1060. https://​doi.​org/​10.​1017/​S0007​11452​
0002123.

Azam, R., and A. Idrees. 2019. “Economic Growth, Obesity and Global 
Burden of Disease: An Exploration.” GCU Economic Journal 52, no. 1&2: 
67–106.

Barker, D., and C. Osmond. 1986. “Infant Mortality, Childhood Nutrition, 
and Ischaemic Heart Disease in England and Wales.” Lancet 327, no. 
8489: 1077–1081. https://​doi.​org/​10.​1016/​s0140​-​6736(86)​91340​-​1.

FIGURE 2    |    Changes in birth weights in Germany in the 20th and 21st centuries. Birth weight distributions in Germany as defined by daily calo-
rie intake per person day−1. “Scarcity” refers to calorie intake of less than 2000 cal and mean birth weights of approx. 3100 g, “Nominal” refers to 2150 
to 2850 cal and a mean birth weight of approx. 3250 g. “Affluence” refers to approx. 3350 cal, which matches a mean birth weight of 3350 g. Germany 
entered the epidemiological transition stage 2 in 1930–1934.

https://doi.org/10.1016/j.eclinm.2022.101356
https://doi.org/10.1007/s13679-020-00398-7
https://doi.org/10.1017/S0007114520002123
https://doi.org/10.1017/S0007114520002123
https://doi.org/10.1016/s0140-6736(86)91340-1


10 of 13 American Journal of Human Biology, 2025

Bateson, P., P. Gluckman, and M. Hanson. 2014. “The Biology of 
Developmental Plasticity and the Predictive Adaptive Response 
Hypothesis.” Journal of Physiology 592, no. 11: 2357–2368. https://​doi.​
org/​10.​1113/​jphys​iol.​2014.​271460.

Bergmann, C. 1847. “Uber die Verhaltniesse der Warmeokonomie der 
Thiere zu Ihrer Grosse.” Gottingen Stud 1: 595–708.

Betti, L., S. J. Lycett, N. von Cramon-Taubadel, and O. M. Pearson. 2015. 
“Are Human Hands and Feet Affected by Climate? A Test of Allen's 
Rule.” American Journal of Physical Anthropology 158, no. 1: 132–140. 
https://​doi.​org/​10.​1002/​ajpa.​22774​.

Bindon, J. R., and P. T. Baker. 1997. “Bergmann's Rule and the Thrifty 
Genotype.” American Journal of Physical Anthropology 104, no. 2: 201–
210. https://​doi.​org/​10.​1002/​(SICI)​1096-​8644(199710)​104:​2<​201::​AID-​
AJPA6​>​3.0.​CO;​2-​0.

Bjerregaard-Andersen, M., L. Hansen, L. I. da Silva, et al. 2013. “Risk of 
Metabolic Syndrome and Diabetes Among Young Twins and Singletons 
in Guinea-Bissau.” Diabetes Care 36, no. 11: 3549–3556. https://​doi.​org/​
10.​2337/​dc12-​2653.

Blair, C., C. W. Kuzawa, and M. T. Willoughby. 2020. “The Development 
of Executive Function in Early Childhood Is Inversely Related to 
Change in Body Mass Index: Evidence for an Energetic Tradeoff?” 
Developmental Science 23, no. 1: e12860. https://​doi.​org/​10.​1111/​desc.​
12860​.

Bleker, L. S., S. R. de Rooij, R. C. Painter, A. C. Ravelli, and T. J. 
Roseboom. 2021. “Cohort Profile: The Dutch Famine Birth Cohort 
(DFBC)—A Prospective Birth Cohort Study in The Netherlands.” BMJ 
Open 11, no. 3: e042078. https://​doi.​org/​10.​1136/​bmjop​en-​2020-​042078.

Böckerman, P., E. Johansson, U. Kiiskinen, and M. Heliövaara. 2010. 
“The Relationship Between Physical Work and the Height Premium: 
Finnish Evidence.” Economics and Human Biology 8, no. 3: 414–420. 
https://​doi.​org/​10.​1016/j.​ehb.​2010.​09.​003.

Bogin, B., M. Hermanussen, and C. Scheffler. 2022. “Bergmann's Rule 
Is a “Just-So” Story of Human Body Size.” Journal of Physiological 
Anthropology 41, no. 1: 15. https://​doi.​org/​10.​1186/​s4010​1-​022-​00287​-​z.

Booth, J. N., L. E. Bromley, A. P. Darukhanavala, H. R. Whitmore, J. G. 
Imperial, and P. D. Penev. 2012. “Reduced Physical Activity in Adults 
at Risk for Type 2 Diabetes Who Curtail Their Sleep.” Obesity 20, no. 2: 
278–284. https://​doi.​org/​10.​1038/​oby.​2011.​306.

Brownell, K. D., M. R. C. Greenwood, E. Stellar, and E. E. Shrager. 1986. 
“The Effects of Repeated Cycles of Weight Loss and Regain in Rats.” 
Physiology & Behavior 38, no. 4: 459–464. https://​doi.​org/​10.​1016/​0031-​
9384(86)​90411​-​7.

Buklijas, T., and S. Al-Gailani. 2023. “A Fetus in the World: Physiology, 
Epidemiology, and the Making of Fetal Origins of Adult Disease.” 
History and Philosophy of the Life Sciences 45, no. 4: 44. https://​doi.​org/​
10.​1007/​s4065​6-​023-​00598​-​z.

Chodick, G., S. Flash, Y. Deoitch, and V. Shalev. 2009. “Seasonality in 
Birth Weight: Review of Global Patterns and Potential Causes.” Human 
Biology 81, no. 4: 463–477. https://​doi.​org/​10.​3378/​027.​081.​0405.

Choudhari, R. H. 2022. Research Anthology on Environmental and 
Societal Impacts of Climate Change, 1672–1709. IGI Global. https://​doi.​
org/​10.​4018/​978-​1-​6684-​3686-​8.​ch083​.

Christian, P. 2010. “Micronutrients, Birth Weight, and Survival.” 
Annual Review of Nutrition 30: 83–104. https://​doi.​org/​10.​1146/​annur​
ev.​nutr.​012809.​104813.

Cialfa, E., A. Turrini, and C. Lintas. 1991. “A National Food Survey: 
Food Balance Sheets and Other Methodologies: A Critical Overview.” In 
Monitoring Dietary Intakes, ILSI Monographs, edited by I. Macdonald. 
Springer. https://​doi.​org/​10.​1007/​978-​1-​4471-​1828-​2_​4.

Corona, G., A. Pizzocaro, W. Vena, et  al. 2021. “Diabetes Is Most 
Important Cause for Mortality in COVID-19 Hospitalized Patients: 
Systematic Review and Meta-Analysis.” Reviews in Endocrine and 

Metabolic Disorders 22, no. 2: 275–296. https://​doi.​org/​10.​1007/​s1115​4-​
021-​09630​-​8.

de Mendonça, E. L. S. S., M. de Lima Macêna, N. B. Bueno, A. C. M. de 
Oliveira, and C. S. Mello. 2020. “Premature Birth, Low Birth Weight, 
Small for Gestational Age and Chronic Non-Communicable Diseases 
in Adult Life: A Systematic Review With Meta-Analysis.” Early Human 
Development 149: 105154. https://​doi.​org/​10.​1016/j.​earlh​umdev.​2020.​
105154.

De Rooij, S. R., L. S. Bleker, R. C. Painter, A. C. Ravelli, and T. J. 
Roseboom. 2022. “Lessons Learned From 25 Years of Research Into 
Long Term Consequences of Prenatal Exposure to the Dutch Famine 
1944–45: The Dutch Famine Birth Cohort.” International Journal of 
Environmental Health Research 32, no. 7: 1432–1446. https://​doi.​org/​10.​
1080/​09603​123.​2021.​1888894.

Del Giudice, M. 2014. “Early Stress and Human Behavioral Development: 
Emerging Evolutionary Perspectives.” Journal of Developmental Origins 
of Health and Disease 5, no. 4: 270–280. https://​doi.​org/​10.​1017/​S2040​
17441​4000257.

Dulloo, A. G. 2021. “Physiology of Weight Regain: Lessons From the 
Classic Minnesota Starvation Experiment on Human Body Composition 
Regulation.” Obesity Reviews 22: e13189. https://​doi.​org/​10.​1111/​obr.​13189​.

FAO. 2020. Food and Agriculture Organization of the United Nations. 
FAO statistics Division. http://​www.​fao.​org/​faost​at/​foods​ecuri​ty/​Files/​​
FoodC​onsum​ption​Nutri​ents.​xls.

FAO (Food and Agriculture Organization of the United Nations). 2001. 
Food Balance Sheets: A Handbook. FAO. https://​www.​fao.​org/​docum​
ents/​card/​en/c/​7d49a​baa-​eccf-​5412-​878a-​8c190​c46748a.

FAO (Food and Agriculture Organization of the United Nations). 2008. 
An Introduction to the Basic Concepts of Food Security. FAO. https://​
www.​fao.​org/3/​al936e/​al936​e00.​pdf.

Field, A. E., J. E. Manson, N. Laird, D. F. Williamson, W. C. Willett, and 
G. A. Colditz. 2004. “Weight Cycling and the Risk of Developing Type 2 
Diabetes Among Adult Women in the United States.” Obesity Research 
12, no. 2: 267–274. https://​doi.​org/​10.​1038/​oby.​2004.​34.

Foster, F., and M. Collard. 2013. “A Reassessment of Bergmann's Rule 
in Modern Humans.” PLoS One 8, no. 8: e72269. https://​doi.​org/​10.​1371/​
journ​al.​pone.​0072269.

Gapminder. 2018. “Geographic Territories Frequently Used By 
Gapminder. Includes Geographical Regions and National Income 
Levels as Given by the World Bank Income Group In 2017,” Accessed 
June 2018, Permalink gapm.io/datageo.

Gentil, P., R. B. Viana, J. P. Naves, et al. 2020. “Is It Time to Rethink Our 
Weight Loss Paradigms?” Biology 9, no. 4: 70. https://​doi.​org/​10.​3390/​
biolo​gy904​0070.

GHO. 2020. “Global Health Observatory – World Health Organization: 
Mean BMI (kg/m2) (age-Sandardized Estimate) (2020).” https://​www.​
who.​int/​data/​gho/​data/​indic​ators/​​indic​ator-​detai​ls/​GHO/​mean-​bmi-​
(kg-​m-)​-​(age-​stand​ardiz​ed-​estim​ate)​.

Gilley, S. P., K. K. Harrall, C. Friedman, et  al. 2023. “Association of 
Maternal BMI and Rapid Infant Weight Gain With Childhood Body Size 
and Composition.” Pediatrics 151, no. 5: e2022059244. https://​doi.​org/​
10.​1542/​peds.​2022-​059244.

Gluckman, P. D., and M. A. Hanson. 2004. “Maternal Constraint of 
Fetal Growth and Its Consequences.” Seminars in Fetal and Neonatal 
Medicine 9, no. 5: 419–425. https://​doi.​org/​10.​1016/j.​siny.​2004.​03.​001 
Seminars in Fetal and Neonatal Medicine.

Gluckman, P. D., M. A. Hanson, and H. G. Spencer. 2005. “Predictive 
Adaptive Responses and Human Evolution.” Trends in Ecology & 
Evolution 20, no. 10: 527–533. https://​doi.​org/​10.​1016/j.​tree.​2005.​08.​001.

Godfrey, K., and S. Robinson. 1998. “Maternal Nutrition, Placental 
Growth and Fetal Programming.” Proceedings of the Nutrition Society 
57, no. 1: 105–111. https://​doi.​org/​10.​1079/​PNS19​980016.

https://doi.org/10.1113/jphysiol.2014.271460
https://doi.org/10.1113/jphysiol.2014.271460
https://doi.org/10.1002/ajpa.22774
https://doi.org/10.1002/(SICI)1096-8644(199710)104:2%3C201::AID-AJPA6%3E3.0.CO;2-0
https://doi.org/10.1002/(SICI)1096-8644(199710)104:2%3C201::AID-AJPA6%3E3.0.CO;2-0
https://doi.org/10.2337/dc12-2653
https://doi.org/10.2337/dc12-2653
https://doi.org/10.1111/desc.12860
https://doi.org/10.1111/desc.12860
https://doi.org/10.1136/bmjopen-2020-042078
https://doi.org/10.1016/j.ehb.2010.09.003
https://doi.org/10.1186/s40101-022-00287-z
https://doi.org/10.1038/oby.2011.306
https://doi.org/10.1016/0031-9384(86)90411-7
https://doi.org/10.1016/0031-9384(86)90411-7
https://doi.org/10.1007/s40656-023-00598-z
https://doi.org/10.1007/s40656-023-00598-z
https://doi.org/10.3378/027.081.0405
https://doi.org/10.4018/978-1-6684-3686-8.ch083
https://doi.org/10.4018/978-1-6684-3686-8.ch083
https://doi.org/10.1146/annurev.nutr.012809.104813
https://doi.org/10.1146/annurev.nutr.012809.104813
https://doi.org/10.1007/978-1-4471-1828-2_4
https://doi.org/10.1007/s11154-021-09630-8
https://doi.org/10.1007/s11154-021-09630-8
https://doi.org/10.1016/j.earlhumdev.2020.105154
https://doi.org/10.1016/j.earlhumdev.2020.105154
https://doi.org/10.1080/09603123.2021.1888894
https://doi.org/10.1080/09603123.2021.1888894
https://doi.org/10.1017/S2040174414000257
https://doi.org/10.1017/S2040174414000257
https://doi.org/10.1111/obr.13189
http://www.fao.org/faostat/foodsecurity/Files/FoodConsumptionNutrients.xls
http://www.fao.org/faostat/foodsecurity/Files/FoodConsumptionNutrients.xls
https://www.fao.org/documents/card/en/c/7d49abaa-eccf-5412-878a-8c190c46748a
https://www.fao.org/documents/card/en/c/7d49abaa-eccf-5412-878a-8c190c46748a
https://www.fao.org/3/al936e/al936e00.pdf
https://www.fao.org/3/al936e/al936e00.pdf
https://doi.org/10.1038/oby.2004.34
https://doi.org/10.1371/journal.pone.0072269
https://doi.org/10.1371/journal.pone.0072269
https://doi.org/10.3390/biology9040070
https://doi.org/10.3390/biology9040070
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/mean-bmi-(kg-m-)-(age-standardized-estimate)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/mean-bmi-(kg-m-)-(age-standardized-estimate)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/mean-bmi-(kg-m-)-(age-standardized-estimate)
https://doi.org/10.1542/peds.2022-059244
https://doi.org/10.1542/peds.2022-059244
https://doi.org/10.1016/j.siny.2004.03.001
https://doi.org/10.1016/j.tree.2005.08.001
https://doi.org/10.1079/PNS19980016


11 of 13

Gowland, R., and L. Walther. 2018. “Human Growth and Stature.” In 
The Science of Roman History: Biology, Climate, and the Future of the 
Past, 174–204. Princeton University Press.

Grasgruber, P., M. Sebera, E. Hrazdíra, J. Cacek, and T. Kalina. 2016. 
“Major Correlates of Male Height: A Study of 105 Countries.” Economics 
and Human Biology 21: 172–195. https://​doi.​org/​10.​1016/j.​ehb.​2016.​
01.​005.

Grimaldi, D., F. Provini, G. Pierangeli, et al. 2015. “Evidence of a Diurnal 
Thermogenic Handicap in Obesity.” Chronobiology International 32, no. 
2: 299–302. https://​doi.​org/​10.​3109/​07420​528.​2014.​983603.

Han, C., and Y. C. Hong. 2019. “Fetal and Childhood Malnutrition 
During the Korean War and Metabolic Syndrome in Adulthood.” 
Nutrition 62: 186–193. https://​doi.​org/​10.​1016/j.​nut.​2019.​01.​003.

Hansen, P. J. 2009. “Effects of Heat Stress on Mammalian Reproduction.” 
Philosophical Transactions of the Royal Society B: Biological Sciences B 
364, no. 1534: 3341–3350. https://​doi.​org/​10.​1098/​rstb.​2009.​0131.

Harvey, W. 1872. On Corpulence in Relation to Disease: With Some 
Remarks on Diet. Henry Renshaw.

Hedges, D. W., A. N. Berrett, L. D. Erickson, B. L. Brown, and S. D. 
Gale. 2017. “Association Between Infection Burden and Adult Height.” 
Economics and Human Biology 27: 275–280. https://​doi.​org/​10.​1016/j.​
ehb.​2017.​08.​002.

Hollstein, T., A. Basolo, T. Ando, et  al. 2020. “Recharacterizing 
the Metabolic State of Energy Balance in Thrifty and Spendthrift 
Phenotypes.” Journal of Clinical Endocrinology & Metabolism 105, no. 
5: 1375–1392. https://​doi.​org/​10.​1210/​clinem/​dgaa098.

Jang, Y.-S., S.-F. Shen, J.-Y. Juang, C.-y. Huang, and M.-H. Lo. 2022. 
“Discontinuity of Diurnal Temperature Range Along Elevated Regions.” 
Geophysical Research Letters 49, no. 6: e2021GL097551. https://​doi.​org/​
10.​1029/​2021G​L097551.

Jantz, L. M., and R. L. Jantz. 1999. “Secular Change in Long Bone 
Length and Proportion in the United States, 1800–1970.” American 
Journal of Physical Anthropology 110, no. 1: 57–67. https://​doi.​org/​10.​
1002/​(SICI)​1096-​8644(199909)​110:​1<​57::​AID-​AJPA5​>​3.0.​CO;​2-​1.

Jensen, C. B., E. Zimmermann, M. Gamborg, et al. 2015. “No Evidence of 
Seasonality of Birth in Adult Type 2 Diabetes in Denmark.” Diabetologia 
58: 2045–2050. https://​doi.​org/​10.​1007/​s0012​5-​015-​3661-​1.

Jensen, P. M., and M. Sørensen. 2013. “Differences in Human Birth 
Weight and Corollary Attributes as a Result of Temperature Regime.” 
Annals of Human Biology 40, no. 5: 385–395. https://​doi.​org/​10.​3109/​
03014​460.​2013.​786757.

Johnson, R. E., and R. M. Kark. 1947. “Environment and Food Intake 
in Man.” Science 105, no. 2728: 378–379. https://​doi.​org/​10.​1126/​scien​
ce.​105.​2728.​378.

Keys, A., A. Henschel, O. Mickelsen, and H. L. Taylor. 1950. The Biology 
of Human Starvation, 1–2. University of Minnesota Press.

Kramer, M. S. 1987. “Determinants of Low Birth Weight: Methodological 
Assessment and Meta-Analysis.” Bulletin of the World Health 
Organization 65, no. 5: 663–737.

Kroke, A., A. D. Liese, M. Schulz, et al. 2002. “Recent Weight Changes 
and Weight Cycling as Predictors of Subsequent Two Year Weight 
Change in a Middle-Aged Cohort.” International Journal of Obesity 26, 
no. 3: 403–409. https://​doi.​org/​10.​1038/​sj.​ijo.​0801920.

Kuzawa, C. W., and D. T. Eisenberg. 2012. “Intergenerational Predictors 
of Birth Weight in The Philippines: Correlations With Mother's and 
Father's Birth Weight and Test of Maternal Constraint.” PLoS One 7, no. 
7: e40905. https://​doi.​org/​10.​1371/​journ​al.​pone.​0040905.

Kuzawa, C. W., and R. L. Fried. 2017. “Intergenerational Memories of 
Past Nutritional Deprivation: The Phenotypic Inertia Model.” In The 
Arc of Life, edited by G. Jasienska, D. Sherry, and D. Holmes, 7–20. 
Springer. https://​doi.​org/​10.​1007/​978-​1-​4939-​4038-​7_​2.

Lechtig, A., C. Yarbrough, H. Delgado, J. P. Habicht, R. Martorell, and 
R. E. Klein. 1975. “Influence of Maternal Nutrition on Birth Weight.” 
American Journal of Clinical Nutrition 28, no. 11: 1223–1233. https://​
doi.​org/​10.​1093/​ajcn/​28.​11.​1223.

Lindeboom, M., and R. Van Ewijk. 2015. “Babies of the War: The 
Effect of War Exposure Early in Life on Mortality Throughout Life.” 
Biodemography and Social Biology 61, no. 2: 167–186. https://​doi.​org/​10.​
1080/​19485​565.​2015.​1047489.

Mackie, G. M., D. Samocha-Bonet, and C. S. Tam. 2017. “Does Weight 
Cycling Promote Obesity and Metabolic Risk Factors?” Obesity Research 
& Clinical Practice 11, no. 2: 131–139. https://​doi.​org/​10.​1016/j.​orcp.​2016.​
10.​284.

Matsushima, M., S. Shimizutani, and H. Yamada. 2018. “Life Course 
Consequences of Low Birth Weight: Evidence From Japan.” Journal of 
the Japanese and International Economies 50: 37–47. https://​doi.​org/​10.​
1016/j.​jjie.​2018.​07.​001.

Montani, J. P., Y. Schutz, and A. G. Dulloo. 2015. “Dieting and Weight 
Cycling as Risk Factors for Cardiometabolic Diseases: Who Is Really at 
Risk?” Obesity Reviews 16: 7–18. https://​doi.​org/​10.​1111/​obr.​12251​.

Mustillo, S., C. Worthman, A. Erkanli, G. Keeler, A. Angold, and E. 
J. Costello. 2003. “Obesity and Psychiatric Disorder: Developmental 
Trajectories.” Pediatrics 111, no. 4: 851–859. https://​doi.​org/​10.​1542/​
peds.​111.4.​851.

Neel, J. V. 1962. “Diabetes Mellitus: A “Thrifty” Genotype Rendered 
Detrimental by “Progress”?” American Journal of Human Genetics 14, 
no. 4: 353–362.

Neel, J. V. 1999. “The “Thrifty Genotype” in 1998.” Nutrition Reviews 57, 
no. 5: 2–9. https://​doi.​org/​10.​1111/j.​1753-​4887.​1999.​tb017​82.​x.

Omran, A. R. 1969. “The Epidemiologic Transition. Epidemiologic 
Aspects of Health and Population Dynamics.” In A Faculty Seminar, 6–
59. Gandhigram Institute of Rural Health and Family Planning, March/
Apnl 1969 Bulletin.

OWD. 2019. “Our World in Data (OWD). Height by Year of Birth 1896 to 
1996.” https://​ourwo​rldin​data.​org/​human​-​height.

Peller, S., and F. Bass. 1924. “Die Rolle Exogener Faktoren in 
der Intrauterinen Entwicklung des Menschen mit Besonderer 
Berücksichtigung der Kriegs-und Nachkriegsverhältnisse.” Archiv für 
Gynäkologie 122: 208–238. https://​doi.​org/​10.​1007/​BF019​44301​.

Pereira, G., A. Cook, F. Haggar, C. Bower, and N. Nassar. 2012. 
“Seasonal Variation in Fetal Growth: Accounting for Sociodemographic, 
Biological, and Environmental Exposures.” American Journal of 
Obstetrics and Gynecology 206, no. 1: 74–e1. https://​doi.​org/​10.​1016/j.​
ajog.​2011.​07.​038.

Petersen, I., M. M. F. Nielsen, H. Beck-Nielsen, and K. Christensen. 
2011. “No Evidence of a Higher 10 Year Period Prevalence of Diabetes 
Among 77,885 Twins Compared With 215,264 Singletons From the 
Danish Birth Cohorts 1910–1989.” Diabetologia 54: 2016–2024. https://​
doi.​org/​10.​1007/​s0012​5-​011-​2128-​2.

Pomeroy, E., J. T. Stock, and J. C. K. Wells. 2021. “Population History 
and Ecology, in Addition to Climate, Influence Human Stature and 
Body Proportions.” Scientific Reports 11, no. 1: 1–10. https://​doi.​org/​10.​
1038/​s4159​8-​020-​79501​-​w.

Prentice, A. M., S. A. Jebb, G. R. Goldberg, et al. 1992. “Effects of Weight 
Cycling on Body Composition.” American Journal of Clinical Nutrition 
56, no. 1: 209S–216S. https://​doi.​org/​10.​1093/​ajcn/​56.1.​209S.

Prentice, A. M., P. Rayco-Solon, and S. E. Moore. 2005. “Insights From 
the Developing World: Thrifty Genotypes and Thrifty Phenotypes.” 
Proceedings of the Nutrition Society 64, no. 2: 153–161. https://​doi.​org/​
10.​1079/​PNS20​05421​.

Ragsdale, H. B., C. W. Kuzawa, J. B. Borja, J. L. Avila, and T. W. McDade. 
2019. “Regulation of Inflammation During Gestation and Birth 

https://doi.org/10.1016/j.ehb.2016.01.005
https://doi.org/10.1016/j.ehb.2016.01.005
https://doi.org/10.3109/07420528.2014.983603
https://doi.org/10.1016/j.nut.2019.01.003
https://doi.org/10.1098/rstb.2009.0131
https://doi.org/10.1016/j.ehb.2017.08.002
https://doi.org/10.1016/j.ehb.2017.08.002
https://doi.org/10.1210/clinem/dgaa098
https://doi.org/10.1029/2021GL097551
https://doi.org/10.1029/2021GL097551
https://doi.org/10.1002/(SICI)1096-8644(199909)110:1%3C57::AID-AJPA5%3E3.0.CO;2-1
https://doi.org/10.1002/(SICI)1096-8644(199909)110:1%3C57::AID-AJPA5%3E3.0.CO;2-1
https://doi.org/10.1007/s00125-015-3661-1
https://doi.org/10.3109/03014460.2013.786757
https://doi.org/10.3109/03014460.2013.786757
https://doi.org/10.1126/science.105.2728.378
https://doi.org/10.1126/science.105.2728.378
https://doi.org/10.1038/sj.ijo.0801920
https://doi.org/10.1371/journal.pone.0040905
https://doi.org/10.1007/978-1-4939-4038-7_2
https://doi.org/10.1093/ajcn/28.11.1223
https://doi.org/10.1093/ajcn/28.11.1223
https://doi.org/10.1080/19485565.2015.1047489
https://doi.org/10.1080/19485565.2015.1047489
https://doi.org/10.1016/j.orcp.2016.10.284
https://doi.org/10.1016/j.orcp.2016.10.284
https://doi.org/10.1016/j.jjie.2018.07.001
https://doi.org/10.1016/j.jjie.2018.07.001
https://doi.org/10.1111/obr.12251
https://doi.org/10.1542/peds.111.4.851
https://doi.org/10.1542/peds.111.4.851
https://doi.org/10.1111/j.1753-4887.1999.tb01782.x
https://ourworldindata.org/human-height
https://doi.org/10.1007/BF01944301
https://doi.org/10.1016/j.ajog.2011.07.038
https://doi.org/10.1016/j.ajog.2011.07.038
https://doi.org/10.1007/s00125-011-2128-2
https://doi.org/10.1007/s00125-011-2128-2
https://doi.org/10.1038/s41598-020-79501-w
https://doi.org/10.1038/s41598-020-79501-w
https://doi.org/10.1093/ajcn/56.1.209S
https://doi.org/10.1079/PNS2005421
https://doi.org/10.1079/PNS2005421


12 of 13 American Journal of Human Biology, 2025

Outcomes: Inflammatory Cytokine Balance Predicts Birth Weight and 
Length.” American Journal of Human Biology 31, no. 3: e23245. https://​
doi.​org/​10.​1002/​ajhb.​23245​.

Roberts, D. F. 1953. “Body Weight, Race and Climate.” American 
Journal of Physical Anthropology 11: 533–558. https://​doi.​org/​10.​1002/​
ajpa.​13301​10404​.

Roberts, D. F. 1969. “Race, Genetics and Growth.” Journal of Biosocial 
Science. Supplement 1: 43–67. https://​doi.​org/​10.​1017/​S0021​93200​
002321X.

Roberts, D. F. 1978. Climate and Human Variability. 2nd ed. Cummings.

Rocha, J. L., R. Godinho, J. C. Brito, and R. Nielsen. 2021. “Life in 
Deserts: The Genetic Basis of Mammalian Desert Adaptation.” Trends 
in Ecology & Evolution 36, no. 7: 637–650. https://​doi.​org/​10.​1016/j.​tree.​
2021.​03.​007.

Santosa, A., S. Wall, E. Fottrell, U. Högberg, and P. Byass. 2014. “The 
Development and Experience of Epidemiological Transition Theory 
Over Four Decades: A Systematic Review.” Global Health Action 7, 
no. 1: 23574. https://​doi.​org/​10.​3402/​gha.​v7.​23574@​zgha20.​2014.7.​
issue​-​s6.

Savitz, D. A., and L. M. Pastore. 1999. “Causes of Prematurity.” In 
Prenatal Care: Effectiveness and Implementation, 63–104. Cambridge 
University Press & Assessment.

Serrat, M. A., D. King, and C. O. Lovejoy. 2008. “Temperature Regulates 
Limb Length in Homeotherms by Directly Modulating Cartilage 
Growth.” Proceedings of the National Academy of Sciences 105, no. 49: 
19348–19353. https://​doi.​org/​10.​1073/​pnas.​08033​19105​.

Siegel, M., and H. T. Fuerst. 1966. “Low Birth Weight and Maternal 
Virus Diseases: A Prospective Study of Rubella, Measles, Mumps, 
Chickenpox, and Hepatitis.” JAMA 197, no. 9: 680–684.

Skupski, D. W., J. Owen, S. Kim, K. M. Fuchs, P. S. Albert, and K. L. 
Grantz. 2017. “Estimating Gestational Age From Ultrasound Fetal 
Biometrics.” Obstetrics & Gynecology 130, no. 2: 433–441. https://​doi.​
org/​10.​1097/​AOG.​00000​00000​002137.

Spencer, S., T. Samateh, K. Wabnitz, S. Mayhew, H. Allen, and A. 
Bonell. 2022. “The Challenges of Working in the Heat Whilst Pregnant: 
Insights From Gambian Women Farmers in the Face of Climate 
Change.” Frontiers in Public Health 10: 152. https://​doi.​org/​10.​3389/​
fpubh.​2022.​785254.

Suhag, A., and V. Berghella. 2013. “Intrauterine Growth Restriction 
(IUGR): Etiology and Diagnosis.” Current Obstetrics and Gynecology 
Reports 2, no. 2: 102–111. https://​doi.​org/​10.​1007/​s1366​9-​013-​0041-​z.

TAD. 2021. “Time and Date; Climate and Weather Records.” https://​
www.​timea​nddate.​com/​weath​er/@​77298​80/​climate.

Tanner, J. M. 1986. “Growth as a Target-Seeking Function: Catch-Up 
and Catch-Down Growth in Man.” In Human Growth: A Comprehensive 
Treatise Volume 1 Developmental Biology Prenatal Growth, 167–179. 
Springer USA. https://​doi.​org/​10.​1007/​978-​1-​4613-​2101-​9_​9.

Tanner, J. M. 1990. Foetus Into Man: Physical Growth From Conception 
to Maturity. Harvard University Press.

Thar, C. M., R. Jackson, B. Swinburn, and C. N. Mhurchu. 2020. “A 
Review of the Uses and Reliability of Food Balance Sheets in Health 
Research.” Nutrition Reviews 78, no. 12: 989–1000. https://​doi.​org/​10.​
1093/​nutrit/​nuaa023.

Thomsen, B. L., C. T. Ekstrøm, and T. I. A. Sørensen. 1999. “Development 
of the Obesity Epidemic in Denmark: Cohort, Time and Age Effects 
Among Boys Born 1930–1975.” International Journal of Obesity 23, no. 
7: 693–701. https://​doi.​org/​10.​1038/​sj.​ijo.​0800907.

Tolkunova, K., D. Usoltsev, E. Moguchaia, et al. 2023. “Transgenerational 
and Intergenerational Effects of Early Childhood Famine Exposure in 
the Cohort of Offspring of Leningrad Siege Survivors.” Scientific Reports 
13, no. 1: 11188. https://​doi.​org/​10.​1038/​s4159​8-​023-​37119​-​8.

Ulizzi, L., and L. Terrenato. 1992. “Natural Selection Associated With 
Birth Weight. VI. Towards the End of the Stabilizing Component.” 
Annals of Human Genetics 56, no. 2: 113–118. https://​doi.​org/​10.​1111/j.​
1469-​1809.​1992.​tb011​38.​x.

UN. 2023. “United Nations, UNData-Live Births by Birth Weight and 
Sex of Child,” Accessed October 2024. https://​data.​un.​org/​Data.​aspx?​
d=​POP&​f=​table​Code%​3A60.

Vaiserman, A. M., M. D. Khalangot, B. Carstensen, et  al. 2009. 
“Seasonality of Birth in Adult Type 2 Diabetic Patients in Three 
Ukrainian Regions.” Diabetologia 52: 2665–2667. https://​doi.​org/​10.​
1007/​s0012​5-​009-​1519-​0.

van Wesenbeeck, C. F., M. A. Keyzer, and M. Nubé. 2009. “Estimation 
of Undernutrition and Mean Calorie Intake in Africa: Methodology, 
Findings and Implications.” International Journal of Health Geographics 
8: 1–18. https://​doi.​org/​10.​1186/​1476-​072X-​8-​37.

Varpe, Ø. 2017. “Life History Adaptations to Seasonality.” Integrative 
and Comparative Biology 57, no. 5: 943–960. https://​doi.​org/​10.​1093/​icb/​
icx123.

Wang, F., C. Zhang, Y. Peng, and H. Zhou. 2014. “Diurnal Temperature 
Range Variation and Its Causes in a Semiarid Region From 1957 to 
2006.” International Journal of Climatology 34, no. 2: 343–354. https://​
doi.​org/​10.​1002/​joc.​3690.

Wells, J. C. 2006. “Is Early Development in Humans a Predictive 
Adaptive Response Anticipating the Adult Environment?” Trends in 
Ecology & Evolution 21, no. 8: 424–425. https://​doi.​org/​10.​1016/j.​tree.​
2006.​05.​006.

Wells, J. C. 2009. “Thrift: A Guide to Thrifty Genes, Thrifty Phenotypes 
and Thrifty Norms.” International Journal of Obesity 33, no. 12: 1331–
1338. https://​doi.​org/​10.​1038/​ijo.​2009.​175.

Wells, J. C. 2010. “Maternal Capital and the Metabolic Ghetto: An 
Evolutionary Perspective on the Transgenerational Basis of Health 
Inequalities.” American Journal of Human Biology 22, no. 1: 1–17. 
https://​doi.​org/​10.​1002/​ajhb.​20994​.

Wells, J. C. 2023. “Natural Selection and Human Adiposity: Crafty 
Genotype, Thrifty Phenotype.” Philosophical Transactions of the 
Royal Society B 378, no. 1885: 20220224. https://​doi.​org/​10.​1098/​rstb.​
2022.​0224.

Wells, J. C., and T. J. Cole. 2002. “Birth Weight and Environmental Heat 
Load: A Between-Population Analysis.” American Journal of Physical 
Anthropology 119, no. 3: 276–282. https://​doi.​org/​10.​1002/​ajpa.​10137​.

Wells, J. C., T. J. Cole, M. Cortina-Borja, et  al. 2019. “Low Maternal 
Capital Predicts Life History Trade-Offs in Daughters: Why Adverse 
Outcomes Cluster in Individuals.” Frontiers in Public Health 7: 206. 
https://​doi.​org/​10.​3389/​fpubh.​2019.​00206​.

Wells, J. C. K. 2012. “Ethnic Variability in Adiposity, Thrifty Phenotypes 
and Cardiometabolic Risk: Addressing the Full Range of Ethnicity, 
Including Those of Mixed Ethnicity.” Obesity Reviews 13: 14–29. https://​
doi.​org/​10.​1111/j.​1467-​789X.​2012.​01034.​x.

Westerterp-Plantenga, M. S. 1999. “Effects of Extreme Environments 
on Food Intake in Human Subjects.” Proceedings of the Nutrition Society 
58, no. 4: 791–798.

Wikipedia. 2024. “This Map Depicts the Estimated Diurnal Temperature 
Range Over Land From 1951 to 1980, Based on the Interpolation of 
Ground Level Weather station Data by Robert A. Rohde/Berkeley 
Earth,” Accessed May 2024. https://​commo​ns.​wikim​edia.​org/​wiki/​
File:​Daily_​Tempe​rature_​Range.​png.

Wilcox, A. J. 2001. “On the Importance—And the Unimportance—Of 
Birthweight.” International Journal of Epidemiology 30, no. 6: 1233–
1241. https://​doi.​org/​10.​1093/​ije/​30.6.​1233.

WMO. 2021. “World Meteorological Organization, World Weather 
Information Service.” http://​world​weath​er.​wmo.​int/​.

https://doi.org/10.1002/ajhb.23245
https://doi.org/10.1002/ajhb.23245
https://doi.org/10.1002/ajpa.1330110404
https://doi.org/10.1002/ajpa.1330110404
https://doi.org/10.1017/S002193200002321X
https://doi.org/10.1017/S002193200002321X
https://doi.org/10.1016/j.tree.2021.03.007
https://doi.org/10.1016/j.tree.2021.03.007
https://doi.org/10.3402/gha.v7.23574@zgha20.2014.7.issue-s6
https://doi.org/10.3402/gha.v7.23574@zgha20.2014.7.issue-s6
https://doi.org/10.1073/pnas.0803319105
https://doi.org/10.1097/AOG.0000000000002137
https://doi.org/10.1097/AOG.0000000000002137
https://doi.org/10.3389/fpubh.2022.785254
https://doi.org/10.3389/fpubh.2022.785254
https://doi.org/10.1007/s13669-013-0041-z
https://www.timeanddate.com/weather/@7729880/climate
https://www.timeanddate.com/weather/@7729880/climate
https://doi.org/10.1007/978-1-4613-2101-9_9
https://doi.org/10.1093/nutrit/nuaa023
https://doi.org/10.1093/nutrit/nuaa023
https://doi.org/10.1038/sj.ijo.0800907
https://doi.org/10.1038/s41598-023-37119-8
https://doi.org/10.1111/j.1469-1809.1992.tb01138.x
https://doi.org/10.1111/j.1469-1809.1992.tb01138.x
https://data.un.org/Data.aspx?d=POP&f=tableCode%3A60
https://data.un.org/Data.aspx?d=POP&f=tableCode%3A60
https://doi.org/10.1007/s00125-009-1519-0
https://doi.org/10.1007/s00125-009-1519-0
https://doi.org/10.1186/1476-072X-8-37
https://doi.org/10.1093/icb/icx123
https://doi.org/10.1093/icb/icx123
https://doi.org/10.1002/joc.3690
https://doi.org/10.1002/joc.3690
https://doi.org/10.1016/j.tree.2006.05.006
https://doi.org/10.1016/j.tree.2006.05.006
https://doi.org/10.1038/ijo.2009.175
https://doi.org/10.1002/ajhb.20994
https://doi.org/10.1098/rstb.2022.0224
https://doi.org/10.1098/rstb.2022.0224
https://doi.org/10.1002/ajpa.10137
https://doi.org/10.3389/fpubh.2019.00206
https://doi.org/10.1111/j.1467-789X.2012.01034.x
https://doi.org/10.1111/j.1467-789X.2012.01034.x
https://commons.wikimedia.org/wiki/File:Daily_Temperature_Range.png
https://commons.wikimedia.org/wiki/File:Daily_Temperature_Range.png
https://doi.org/10.1093/ije/30.6.1233
http://worldweather.wmo.int/


13 of 13

WWO. 2021. “World Weather Online. Temperature Averages.” https://​
www.​world​weath​eronl​ine.​com.

Xiong, T., Y. Wu, J. Hu, et al. 2023. “Associations Between High Protein 
Intake, Linear Growth, and Stunting in Children and Adolescents: A 
Cross-Sectional Study.” Nutrients 15, no. 22: 4821. https://​doi.​org/​10.​
3390/​nu152​24821​.

Yokomichi, H., S. Ohde, O. Takahashi, et  al. 2017. “Weight Cycling 
and the Subsequent Onset of Type 2 Diabetes Mellitus: 10-Year Cohort 
Studies in Urban and Rural Japan.” BMJ Open 7, no. 5: e014684. https://​
doi.​org/​10.​1136/​bmjop​en-​2016-​014684.

Zhao, Y., S. F. Wang, M. Mu, and J. Sheng. 2012. “Birth Weight and 
Overweight/Obesity in Adults: A Meta-Analysis.” European Journal of 
Pediatrics 171: 1737–1746. https://​doi.​org/​10.​1007/​s0043​1-​012-​1701-​0.

Zoppini, G., U. Fedeli, E. Schievano, et  al. 2018. “Mortality From 
Infectious Diseases in Diabetes.” Nutrition, Metabolism, and 
Cardiovascular Diseases 28, no. 5: 444–450. https://​doi.​org/​10.​1016/j.​
numecd.​2017.​12.​007.

Zou, H., P. Yin, L. Liu, et al. 2021. “Association Between Weight Cycling 
and Risk of Developing Diabetes in Adults: A Systematic Review and 
Meta-Analysis.” Journal of Diabetes Investigation 12, no. 4: 625–632. 
https://​doi.​org/​10.​1111/​jdi.​13380​.

https://www.worldweatheronline.com
https://www.worldweatheronline.com
https://doi.org/10.3390/nu15224821
https://doi.org/10.3390/nu15224821
https://doi.org/10.1136/bmjopen-2016-014684
https://doi.org/10.1136/bmjopen-2016-014684
https://doi.org/10.1007/s00431-012-1701-0
https://doi.org/10.1016/j.numecd.2017.12.007
https://doi.org/10.1016/j.numecd.2017.12.007
https://doi.org/10.1111/jdi.13380

	In Search of Environmental Factors Associated With Global Differences in Birth Weight and BMI
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Statistical Evaluation

	3   |   Results
	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


