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Introduction
The use of stable isotopes to analyse the diet composition in 

ancient populations, calculating the carbon and nitrogen isotopic 
ratios detectable from the bone collagen, begun in the mid-1970s. 
These stable isotopes are useful in diet reconstruction, because 
the food sources are isotopically distinct and hence, they are well 
established indicators of the main dietary sources consumed by 
an individual over his life-span. Moreover, in the last few years 
the isotopic method has been also applied to modern individuals 
suffering from eating disorders or nutritional stress, underscoring 
the relevance of an isotopic fractionation change occurring 
under these conditions. The biochemical mechanisms related to 
starvation or nutritional stress complicate the interpretation of the 
results from isotopic data in ancient bones remains, where it is not 
possible to use medical information for the samples analysed. Then, 
the aim of the present mini-review is to propose a correct analytical 
workflow for anthropological analyses.

Molecular analyses of ancient remains has help edarchaeo-
anthropological research by contributing to shed light on some 
yet unsolved issues, like get a better understanding about 
the ecological, demographic, and genetic history of ancient 
communities and in the study of the paleo-diets. Molecular analysis 
was first applied to a diet study by Vogeland van der Merwe [1,2], 
in themid-1970s, when they began exploring stable isotopes 
as a way to infer the diet in ancient populations. The method is 
based on calculating the 13C/12C and 15N/14N isotopic ratios that 
are detectable from the bone collagen and can reveal the last 10 
to 15 years of the subject’s diet [3]. This analysis is useful in diet 
reconstruction, because the food sources are isotopically distinct, 
due to the isotopic fractionation that occurs in metabolic processes 
[4]. In mathematical terms, the ratio of these isotopes is expressed 
in notation δ: δ13C and δ15N and is equal to the difference between 
the isotopic ratios of the sample relative to a reference standard 
(Pee Dee belemnite for the carbon and atmospheric nitrogen for 
the nitrogen), calculated in parts per thousand [5,6]. The δ13C study 
is particularly appropriate to discriminate between terrestrial 
and marine food consumption, as well as for plants with different  

 
photosynthetic pathways (C3 and C4). The δ15N ratio is useful to 
understand the tropic level of the samples analysed, because a 
growth of 3-5‰ is observed along the trophic chain [7].

The diet analysis in early hominins is an important topic when 
studying human evolution and has been developed in several 
papers in which ancient remains (such as Australopithecus and 
Paranthropus) have been successfully analysed [8]. Variations in 
dietary strategies have been also tracked from the earliest species 
of Homo, who showed primitive nutritional patterns via archaic 
technologies, as well as to Neanderthals [9]. Similarly, dietary 
change modifications continued throughout more recent periods, 
such as when animal husbandry and agriculture have been first 
developed during the Neolithic Revolution [10,11]. In historical 
periods, diet analysis helped to also clarify whether differences in 
nutritional composition relate to the gender, age or social status of 
individuals.

In recent years, a few authors have applied the isotopic method 
to evaluate carbon and nitrogen values in contemporary living 
individuals suffering from eating disorders or in those individuals 
facing nutritional stress. For example, Mekota et al. [12] analysed 
patients affected with anorexia nervosa and detected an inverse 
correlation of the carbon and nitrogen stable isotope ratio with 
the Body Max Index (BMI). Also, Fuller et al. [13] studied samples 
under nutritional stress and observed an increase in stable isotopic 
ratio values during periods of weight loss. These approaches show 
how the isotopic method may also reflect not only dietary but also 
individual health and nutritional status. Indeed, isotopic variation 
scan be attributed to the stable isotope fractionation change that 
occurs during times of starvation and metabolic disease [12,14,15]. 
At the times, the δ15N value derives from the catabolism process, 
particularly from gluconeogenesis, where non-carbohydrate 
sources produce glucose [16]. In this way, the nitrogen source is 
a consumer tissue, which leads to an increase in the nitrogen 
isotopic ratio [17-19], because the 15N has already been enriched, 
due to the trophic level fractionation that occurred between diet 
and consumer tissues (similar to breastfeeding effects) [20]. This 
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biochemical catabolism also changes the δ13C because the use of 
body proteins during nutritional stress has the same trophic effect 
and increases δ13C values [13,17,18,21]. Moreover, additional 
enrichment occurred on the carbon stable isotope ratio, due to the 
fractionation from plant food to consumer protein [22].

These biochemical mechanisms greatly complicate the 
interpretation of isotopic data, especially in ancient bones remains, 
where it is not possible to use medical information for the samples 
analysed. In these situations, isotopic change due to metabolic/
nutritional stress is not easily identifiable, but nonetheless it could 
influence the interpretation of the results. This now well-known 
difficulty then is forcing us to think about how to set up a correct 
analytical workflow for anthropological analyses. In recent years, 
some authors have applied such novel and more comprehensive 
isotopic evaluation approach to archaeological remains. In a 2014 
Nature News, for instance, Ewan Callaway [23] discussed the 
importance of using a multidisciplinary approach to confirm the 
presence of Celiac Disease in an ancient young woman: an analysis 
of her ancient remains aimed to correlate isotopic variations with 
unspecific stress markers (such as Criba orbitalia, Cribra cranii 
and enamel hypoplasia) often associated with mal nutritional 
stress periods, and genetic predisposition [24-27]. This analysis 
was focused around reconstructing the diet of the young woman 
likely suffering from Celiac Disease and highlighted the possible 
association with chronic malnutrition due to the disease [24]. 

This simple example strongly suggests that it would be critical 
to study the state of health of the samples analysed in order to 
achieve a better interpretation of the stable isotope data. This 
strategy could represent a novel approach when analysing ancient 
remains and could facilitate the identification of the presence 
or absence of pathological/malnutrition stress on the bones, 
ultimately leading to a more correct interpretation of the isotopic 
data. It seems then useful to more carefully investigate the diet of 
ancient populations to raise awareness of the presence/absence 
of unspecific stress markers attributable to starvation periods/
metabolic diseases. A multidisciplinary approach is therefore 
beneficial, especially when analysing prehistoric populations with 
nutritional peculiarities or deficiencies that may have affected 
isotopic data. In this context, the isotopic approach could also 
be used as a potential molecular marker of metabolic disorder 
or starvation in the ancient community, and could substantially 
contribute to identify the health status of the analysed individuals: 
the analysis of ancient DNA (aDNA) can then confirm whether these 
individuals were carrying the genetic variants that predispose to 
the given disease [24,26,27]. This approach could enrich the study 
of even complex diseases, such as diabetes, shedding light on its 
history and its evolution in our species, mostly since few ancient 
writers recorded or described diseases in ancient populations. One 
of the earliest scholars who wrote a general treatise on diseases 
was Aretaeus by Cappadocia (around I A.D.) who described in detail 
the symptoms of a large number of diseases, like Celiac disease and 
diabetes. Aretaeus was the first known ancient writer to describe 

the mal absorptive symptoms consistent with a modern diagnosis 
of Celiac disease [28], although he did not provide information 
about the diachronic prevalence of the disease.

Another advantage of using isotopic analyses in these contexts 
is that genetic analyses of ancient diseases are difficult to perform 
for three main reasons:

a) Highly degraded a DNA sequences (due to the preservation 
conditions) can limit the identification of the SNPs of metabolic 
pathways related to the pathologies.

b) Most genetic diseases are jointly caused by many genes 
and environmental factors and identifying a disease-related 
haplo type yields information about a possible predisposition to 
a disease but does not provide information on the manifestation 
of the disease on the analysed sample.

c)  Finally, aDNA analysis is costly and time-intensive. 
Therefore, the stable isotope method is often the unique 
molecular method that can be efficiently used.

In conclusion, holistic analysis must to be applied to uncover 
more information from the bones and stable isotopic analyses 
should be more routinely in corporate into the analysis of past 
populations. A lot of information has been “written in the bones,” 
but we have to learn how to read them better.
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