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Abstract 

 
Effects of the pregnancy and the following lactation periods on the lifespan entropy of the women has been evaluated. 

In the case of singleton pregnancy, a wealthy woman may generate 1.5% and in the case of twin pregnancy 2.1% of 

the total lifespan entropy of a non-pregnant wealthy women. In the case of a poor woman the singleton pregnancy, 

may generate 1.8% and in case of the twin pregnancy 2.1% of the total lifespan entropy generated by the non-pregnant 

wealthy woman. Results of the diet-based thermodynamic calculations for the poor women are compared with the 

demographic data collected across pre-industrial Europe and a good agreement was found. 

 

Keywords: Thermodynamic assessment; entropy generation; diet-based entropic age; telomere length-based energy 

efficiency; pregnancy; lactation; historic demographic data. 

 

1. Introduction 

The ageing research is carried in different paths: 

morphological cellular changes are traced with highly 

advanced observation techniques [1,2]. Joseph et al, [3] 

argued that the chemical reactions of cellular energy 

metabolism produce reactive oxygen species as byproducts; 

the oxidative damage accelerates aging via damaging the 

DNA, proteins and lipids. Mechanisms of occurrence of the 

ageing related distortion of the DNA strands and the struggle 

of the cells to counter this constitute another major ageing 

research path [4-10]. Although the organisms have a defense 

mechanism against the oxidative damage, it can still occur, 

especially if the organisms are not taking in adequate 

antioxidants from their diets. Accumulation of oxidative 

damage in the tissues accelerates aging [11, 12]. Living 

organisms are far from equilibrium structures, and they have 

a great tendency for approaching the equilibrium, which 

implies aging and increased entropy [13]. To survive at far 

from equilibrium, a living being should develop an entropy 

gradient with their surroundings. Such gradients are 

maintained only by utilizing energy imported from outside, 

so an open system may move away from near towards far 

from equilibrium. One of the major paths of the ageing 

research employs the fundamental principles of the 

thermodynamics and refers to the “entropic age” concept to 

study the ageing associated overwhelming of the 

maintenance systems of the body and the loss of molecular 

functions [14-16]. Silva and Annamalai [17, 18] and 

Annamalai, and Silva [19] quantified the entropy generation 

related ageing stress on individual organs. Living organisms 

maintain a highly organized structure by exporting entropy 

[20]. A fraction of the generated entropy accumulates in the 

body increases disorder and structural impairment [13]. All 

the living beings die after reaching the lifespan entropy 

generation limit, since their bodies cannot stand 

accumulating more damage. Genetically induced repair and 

replacement processes are capable of maintaining the 

balance in favor of the functioning molecules when the 

organisms are young, but with ageing the balance between 

these processes tends toward inactivation and 

malfunctioning [14-16]. Following exactly the same 

behavior as the other dissipative systems, energy is needed 

to prevent entropy accumulation and heal the collected 

damage [21]. As explained by Yalcinkaya et al. [22] with the 

decline of the mitochondrial energy conversion, organisms 

start experiencing structural impairment. The concept of 

“entropic age” helps to quantify the damage accumulation by 

an organism in a systematic manner. The rate of living 

slowly wears out the cellular machinery, so a faster 

metabolism will "wear out" it more quickly. In their studies 

on thyroid function, Jumpertz et al [23], after following their 

subjects for 11 to 15 years, and deaths from natural causes 

concluded that for each 100-calorie (418 J) of additional 

nutrient uptake, corresponding to approximately 

100*100/1500= 6% additional intake, the risk of natural 

mortality increased by 25 to 29 percent. Caloric restriction 

and negative energy balance have been shown to reduce 

resting metabolic rate, and in contrast overeating increases 

resting metabolic rate [24,25]. Furthermore, caloric 

restriction has been consistently shown to extend maximal 

lifespan by up to 60 % in animals [26].  

Kuddusi (2015) after noting that the people living in 

different regions of Turkey have different food habits 

calculated the lifetime entropy generation per unit mass of a 
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person and found substantial difference among their life 

expectancy. Kuddusi [27] determined that the metabolic 

entropy generation rate was 0.46x10-5 kW/kg K in the 

Marmara district of Turkey with the expected lifespan of 

78.61 years, whereas in Eastern Turkey, metabolic entropy 

generation rate was 0.52x10-5 kW/kg K with the expected 

lifespan of 69.54 years. Patel and Rajput [28] performed 

similar calculations for different climate zones of India and 

Öngel et al [29] improved these analyses by incorporating 

the telomere effects. Entropic age concept suggests that a fast 

metabolism by generating more entropy could make people 

age more quickly. 

 

1.1. Telomere Length as the Measure of the 

Thermodynamic Efficiency  
Telomere length is birth-inherited and becomes about 

50–100 base pair shorter every time the cell replicates [30]. 

At birth, there is no significant difference in telomere length 

between men and women. Telomere length remains higher 

in women than that of men as they age, probably because of 

their higher estrogen levels [31]. Estrogen has antioxidant 

properties that play a massive role in human reproduction 

and the menstrual cycle [32]. The disposable soma theory 

states that the organisms have limited resources to spend for 

their cellular processes; therefore, an investment for growth 

and reproduction will reduce the investment for DNA repair 

and open the way for cellular damage, shortened telomeres 

and accumulating mutations [33]. During energy deficiency, 

telomeres may interfere with signaling and re-direct critical 

resources to immediately important processes [34]; the 

longer telomeres may increase energy utilization efficiency 

[35]. An inappropriate pregnancy diet may lead to telomere 

shortening and chronic diseases [35]. Caloric restriction may 

change the energy allocation preference of the organisms. 

Roberts et al [36, 37] reported a significant effect of the food 

restriction to energy efficiency of milk production in baboon 

and rats. In the first trimester of pregnancy, estrogen and 

progesterone are secreted from the ovaries with stimulation 

of human chorionic-gonadotrophin originating from the 

placenta [38]. The circulating estrogen levels are elevated by 

approximately 100-folds in pregnancy and increase with 

gestational age [39]. The levels of sub-types of estrogen, i.e., 

estradiol, estrone, estriol, and estetrol, also increase [39]. 

During pregnancy, the estradiol levels are associated with 

consecutive pregnancies of the same woman [40]. Increased 

estradiol levels cause the plasma volume to increase and the 

up and downregulation of metabolizing enzymes and hepatic 

production of certain proteins. It improves binding of 

corticosteroids, sex steroids, thyroid hormones, and vitamin 

D to proteins [41, 42].  

 

1.2. Effect of the Pregnancy and Lactation on the 

Longevity of Women 

The effect of giving birth to babies and lactation on the 

longevity of women is ambiguous; there are conflicting 

observations in the literature, a negative relationship was 

reported by [43]. Smith et al [44], after employing the data 

available in the Utah Population Database regarding 13,987 

couples married between 1860-1899 concluded that the 

women with fewer children as well as those bearing children 

late in life live had longer post-reproductive lives. Lycett et 

al [45] reported that the married women who did not give 

birth to babies did not live longer than the women who had 

babies and the women who had a few children did not live 

longer than the women who had many children, but reported 

a trade-off between reproduction and longevity in the poorest 

social groups. Hsu et al [46] studied the fertility-longevity 

relationship by employing the data set of 81,924 women and 

103,642 men born between 1601 and 1910 in Europe and 

concluded that higher fertility had a significantly negative 

effect on longevity and pointed the need for further research 

due to the multiple mechanisms of human ageing. Present 

study aims to contribute a thermodynamic opinion to this 

discussion.  

 

2. Methods 

2.1 Calculation of the Calories and the Macronutrients 

of Pregnancy and Breastfeeding Diets 
Dietary Guidelines for Americans 2020-2025 [47] 

recommend the daily calorie intake range for healthy women 

aged 19 through 30 to be between 1,800 to 2,400 kcal/day. 

Trumbo et al [48] state that energy requirements in the first 

trimester would be the same as for non-pregnant women. 

During the second and third trimesters, energy needs 

increase by 340 cal/day (1,421 J/day) and 452 cal/day (1.889 

J/day), respectively [49]. Kominiarek and Rajan [42] 

recommend carbohydrate intake should be 45-64% of the 

daily calories during pregnancy, and it should consist of 6-9 

servings of whole-grain daily, and 20 to 35 % of the daily 

calories should be obtained from the healthy fats. The 

amount of protein intake should be increased by 25 g/day 

during the second and the third trimesters [48] and the 

breastfeeding period. Elango and Ball (2016) recommended 

the average daily protein intake for early and late pregnancy 

as 79 and 108 g/day, representing between 14-18% of the 

daily calories. Energy requirement (ER) during pregnancy 

and the lactation period for the 19–50 years old women were 

estimated by following the recommendations of Trumbo et 

al [48] and presented in Table 1. 

 

Table 1. ER (daily energy requirement) of the pregnant or 

the lactating women, when calculated as the (ER of the non-

pregnant woman) + (additional energy expended during 

pregnancy) + (energy deposition). 

1st trimester: Adult ER + 0 + 0 

2nd trimester: Adult ER + 160 kcal (8 kcal/week, 

approximately for 20 weeks) + 180 kcal = 673 kJ (33 

kJ/week, approximately for 20 weeks) + 752 kJ 

3rd trimester: Adult ER + 272 kcal (8 kcal/ approximately 

for 34 weeks) + 180 kcal= 1,137 kJ (33 kJ/week for 34 

weeks) + 752 kJ 

lactation period: Adult ER of pre-pregnancy + milk 

energy output 

Weight loss calories during the 1st 6 months after 

pregnancy: ER + 500 kcal– 170 kcal =ER+2090 kJ – 710 

kJ 

  

Table 1 implies that in the second trimesters 160 kcal/day 

(669 kJ/day) plus 180 kcal/day (752 kJ) of calories and in the 

third trimester, 272 kcal (1,137 kJ) and 180 kcal/day (752 kJ) 

of calories should be allocated to the pregnant women. One 

g of fat corresponds to 9 kcal (38 kJ); therefore, in the 

formulations 180 corresponds to 20 g of daily fat storage by 

the pregnant women. The diet therapy used in twin and triplet 

pregnancies is based on diabetic diet treatment, including 

three main meals and three snacks per day [48]. During twin 

breastfeeding, an extra maternal calorie intake of 1,200-

1,500 kcal/day (5,016-6,270 kJ/day) is required depending 

on the production of 1.2-2 L of milk/day. The diet should 

contain 20% protein, 40% fat and 40% carbohydrate, similar 
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to the twin pregnancy period [51]. It is also recommended 

that women with twins consume an additional 50 g/day 

protein at the beginning of the second trimester [49]. 

For normal-weight women, the diet list was prepared to 

comply with the recommendations that the twin-pregnancy 

weight gain will be between 17-25 kg. This recommended 

weight gain may be slightly lower for overweight women 

with 14-23 kg and for obese women with 11-19 kg [52]. The 

weight gains during pregnancy include the approximate 

weights of the placenta (1 kg), babies (2.5 kg each), amniotic 

fluid that surrounds the baby in the womb (1 kg), 

enlargement of the uterine (1 kg), enlargement of the breast 

tissue (2 kg), increase in the blood (2 kg), maternal tissue 

fluids (2 kg) and the rest may be maternal tissue fat stores. 

Their diet may consist of 20% proteins, 40% carbohydrates, 

and 40 % fats [48]. The lower carbohydrate percentage 

provides better glycemic control, and the higher the fat rate 

provides more calories with less bulk. Low glycemic index 

carbohydrates in the diet content prevent wide fluctuations 

in blood glucose concentrations [53].  It was argued that the 

adequate daily intake of 3,500 kcal (14,630 kJ) composed of 

350 g of carbohydrate, 175 g of protein, and 156 g of fat per 

day for normal-weight women with twins [53].  

Low-calorie healthy foods generally cost more than 

energy dense foods [49,53]; therefore, poor pregnant women 

are more likely to choose high carbohydrate-containing, 

energy-dense foods due to their lower price [54]. Low 

socioeconomic pregnant women's diet may be 300 kcal 

(1,254 kJ) lower than the healthy pregnant women's diet. The 

diet of the poor women may consist of 55-60 % 

carbohydrates, 15-20 % proteins, and 30 % lipids (Rajikan, 

et al (2017). In poverty, singleton and twin pregnancy diets 

are 300 kcal (1,254 kJ) less than the diets of a normal healthy 

pregnant woman. The percentage of macronutrients in the 

diet; is set to be 55-60% carbohydrate, 15-20% protein, and 

30% fat [54]. Nutritional values of the foods used in the 

menus are taken from USDA Food Composition Data [55]. 

 

2.2 Thermodynamic Considerations 

Calculations presented in this study consider a 30 years 

old pregnant woman having her first pregnancy; four 

different types of diets are designed for each trimester and 

lactation. A thermodynamic system describing a pregnant or 

a lactating woman is described in Figure 1.  
 

 
Figure 1. Schematic description of the thermodynamic 

system boundaries of pregnant woman. Nutrients, water and 

O2 are the inputs of the system and products of the 

metabolism, i.e., water, carbon dioxide and urine and feces 

are exiting the system. 

 

Equations (1)-(5) are related only with what is happening 

within the system boundaries, e, g., the woman and the baby. 

The rest of the universe is outside of the system boundaries 

and are not the subject of our analyses. For the calculations 

of total input and output in the body: 

 

C6H12O6 + 6O2 6H2O + 6CO2                                          (1) 

                               

C6H32O2 + 13O2 6CO2 + 16H2O                                    (2) 

                             

C4.57H9.03N1.27O2.25S0.046 + 4.75O2     

                        3.245H2O +  3.935CO2 + 0.635CH4N2O   (3)                                                

 

Glucose represents carbohydrates, palmitic acid 

represents lipids, and a mixture of 20 amino acids represents 

proteins. They are metabolized in the body via O2, and they 

leave as H2O, CO2, and urea (CH4N2O). Equations (4) and (5) 

describe the enthalpy and entropy change of the metabolic 

reactions and neglect the heat released from the body. 

Enthalpy change upon the metabolism of glucose, 

hmetabolism, was actually enthalpy change of reaction (1) and 

calculated as 

 

∆ℎ𝑚𝑒𝑡𝑎𝑏𝑜𝑙𝑖𝑠𝑚 = 6∆ℎ𝑓,𝐶𝑂2 + 6∆ℎ𝑓,𝐻2𝑂 − ∆ℎ𝑓,𝐶6𝐻12𝑂6
𝑜 −

6∆ℎ𝑓,𝑂2
𝑜                                                                                (4)         

where, ∆ℎ𝑓,𝐶𝑂2 and ∆ℎ𝑓,𝐻2𝑂  are the enthalpies of formation 

of the metabolic products at the body temperature (37 oC), 

and ∆ℎ𝑓,𝐶6𝐻12𝑂6
𝑜  and ∆ℎ𝑓,𝑂2

𝑜  are the enthalpy of formation of 

the reactants at room temperature (25oC). Thermodynamic 

data are presented in Table 2.   

Specific entropy generation rate from the metabolism of 

glucose was:  

 

∆�̇�𝑟𝑥𝑛
𝑜 = 6�̇� 𝐶𝑂2 + 6�̇�𝐻2𝑂 − �̇�𝐶6𝐻12𝑂6

𝑜 − 6�̇�𝑂2
𝑜                             (5)                  

 

where, �̇� 𝐶𝑂2 and �̇�𝐻2𝑂 are the absolute entropy exit rates of 

the products at body temperature from the metabolism, and 

�̇�𝐶6𝐻12𝑂6
𝑜  and �̇�o

O2 are the absolute entropy entrance rates of 

the reactants at room temperature to metabolism. Equation 

(5) refers to entropy of the reaction for carbohydrate as 

described in Eq (1). Similar calculations as those of 

equations (4) and (5) were also done for the lipid and amino 

acid utilization in the energy metabolism by replacing the 

thermodynamic properties of glucose with those of palmitic 

acid and average amino acid, respectively. We have carried 

out the calculations for 30 years old healthy and moderately 

active women. As seen in Table 3, the first, second, third 

trimester and breastfeeding diet calories employed in this 

study are 2,000 kcal/day (8,360 kJ/day); 2,350 kcal/day 

(9,823 kJ/day); 2,450 kcal/day (10,617 kJ/day), and 2,330 

kcal/day (9,739 kJ/day), respectively. Diet lists were 

prepared according to the dietary guidelines presented in the 

references [48, 49, 51]; then the nutrients provided by these 

diets are presented in Table 3 to establish the basis for further 

calculations. In Table 3, if one adds the uptakes and subtracts 

the amount of products of the metabolism, there would be no 

mass conservation, since the difference is employed to 

synthesize the babies and the changes occurring in the body 

of the mother. The term calculated with equation 5 is actually 

the rate of entropy change of the chemical reactions 

representing the human metabolism. Considering the 

standard definitions of classical thermodynamics, this term 

would equal the rate of entropy generation only in stationary 

processes, also neglecting any heat flows. In Table 3, all the 

women were assumed consuming 2.L of water, every day 
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and wealthy and the poor women may not be from the same 

country. 

 

3. Results and Discussion 

In the present study, recommendations of the nutritionists 

are considered while formulating the diets; therefore, all the 

cases (with the exception of the nutrition of the poor women 

in case of twin pregnancy) discussed in this study actually 

lead to optimal entropy generation rates as described in Table 

4. Entropy generation reported in this study is actually those 

of the metabolic reactions. Increase in the weight of the fetus 

would be the result of larger amounts of nutrients entering in 

these reactions; therefore, cause an increase in entropy 

generated by the pregnant women. The fetus gains weight as 

we go from the first trimester to the second and then to the 

third trimester Table 4 shows the associated increase in the 

entropy generation.  
Poor women consume more carbohydrate than the 

recommended level; therefore, their entropy generation rate 

is not optimal. By following the same procedure as Öngel et 

al. [29], a telomere length-based energy efficiency factor  

is employed while calculating the entropy generation in each 

stage of the pregnancy and lactation as: 

 

Entropy generation rate in each group = Δṡ𝑟𝑥𝑛/η             (6)  

 

and then the total pregnancy and the lactation period entropy 

generation is calculated as:  
 

total pregnancy and lactation period entropy =

                ∑(Δṡ𝑟𝑥𝑛/η)𝑖(𝑡𝑖𝑚𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡) (7) 

where, Δṡ𝑟𝑥𝑛 is the nutrition-related entropy generation 

calculated based on equation (5) for carbohydrates or its 

equivalents for lipids or proteins. Equations (6) and (7), in 

agreement with the disposable soma theory which states that 

when the organisms have limited resources the entropy-

accumulated, e.g., the damage collected, building blocks, are 

recycled, by doing so the cells may both get rid of the 

defective building elements and reuse the energy stored 

there. According to the Merriam Webster dictionary, “soma” 

means a part of the body. Although telomere lengths may not 

have direct correlation with energy efficiency, the shortening 

of the telomeres goes parallel with the decrease in the energy 

efficiency. 

Telomere length data were adapted from Huang et al 

[56], as presented in Table 4. The percentage of the entropy 

generated in the pregnancy and lactation period, when 

compared to the non-pregnant woman's lifespan entropy is 

presented in Table 5. In the case of singleton pregnancy, 

eating less, e.g., in reasonable amounts, leads to smaller 

amounts of entropy generation; therefore, may be cherished, 

but in the case of twin pregnancy, eating non-nutritious food 

in insufficient amounts is something to be avoided. Placenta 

plays a major role in hormone production during pregnancy 

[57]. In multiple pregnancies, placental lactogen and 

progesterone hormone secretion increase more than that of a 

singleton pregnancy. An increase in these hormones affects 

glucose metabolism, thus increases the risk of gestational 

diabetes mellitus and insulin resistance [40].  

Multiple pregnancies involve significant maternal 

physiological changes, including increased plasma volume, 

increased resistance to carbohydrate metabolism, and 

increased basal metabolic rate [58]. Only 3% of all births are 

multiple pregnancies but they account for 20% of low birth-

weight (less than 2,500 g) and 19–24% of very-low-birth-

weight (less than 1,500 g) and for 15% of preterm births in 

the United States [58]. In  twin pregnancy,  especially in the 

second half of pregnancy glycogen stores are depleted faster 

[52].  

Maternal resting energy expenditure increases by 10% in 

twin pregnancies than singleton pregnancies [58]. The diet 

lists of this study were prepared to address this information. 

The results of this study should be interpreted with caution, 

in case of sarcopenia or famine human body may consume 

its own building blocks in its energy metabolism and such an 

experience do not extend the lifespan. On the other hand, Ulu 

et al [59] showed that intermittent caloric restriction via 

skipping a meal for 30 days in a year without increasing the 

caloric content of other meals might extend the life span 

approximately 3%. A high-entropy generation process 

shortens the expected longevity more than a low-entropy 

generation process, as evidenced in Table 5. In twin 

pregnancy, entropy generated in the first trimester is 235 

kJ/(kg K) corresponding to 2.1% of the lifespan entropy limit 

of the non-pregnant woman, whereas entropy generation by 

non-pregnant women in the same period is 135 kJ/(kg K), 

corresponding to 1.2% of her lifespan entropy limit. 

Metabolic entropy generation is not necessarily based on the 

externally provided nutrients. In case of famine or 

sarcopenia, human body consumes its own building blocks 

in its energy metabolism and generate entropy [60]. Such an 

experience does not contribute to entropy generation only, 

but also damages the muscles and decreases the muscle work 

efficiency II defined in equation 11. Helle and Lummaa [61] 

after analyzing the data collected in pre-industrial Finland, 

where conditions were similar to pregnancy and lactation in 

poverty, reported that the decrease in longevity of the women 

was related with the number of the pregnancies they had. 

Since the baby boys had higher body weight at birth than the 

baby girls, more energy is needed to synthesize them than 

what is needed for the baby girls; therefore, more entropy is 

generated in the pregnancies for the baby boys. The decrease 

in the longevity of the mothers was more striking in the 

mothers of the baby boys, when compared to those of the 

baby girls.  

The oxidation reaction involves “shuffling” of electrons 

of the nutrient atoms with those of the oxidizing agent, 

oxygen, which serve as electron acceptor. Recently the 

relation between numbers of electron moles transferred to 

oxygen per mole of fuel is shown to be 4 times of the 

stoichiometric moles for C-H-O-S fuels [62]. Thus, for 

carbohydrates, it is 24 electrons/mole; for fat, it is 92 

electrons/mole. Each electron mole transfers results in 

release of 111 kJ/electrons mole [63]. Thus, protein has low 

metabolic efficiency (η=10 %) compared to carbohydrates 

(almost η=40 %) and fat; therefore, causes higher entropy 

generation. Protein is used mainly for bodybuilding or 
replacing cells. Longevity may be assed according to the 

Rubner’s hypothesis [64] based on the first law limit or 

according or according to the Silva’s hypothesis, which is 

based on the second law of thermodynamics. In the present 

study, the second law analyses are performed. This study was 

formulated with the same principles as those of Öngel et al 

[29], Yildiz et al [65,66] and Semerciöz et al [67] and offers 

thermodynamic assessment to the issue of whether 

pregnancy affects longevity of the women or not. Todhunter 

et al [68] achieved documenting the consequences of entropy 

accumulation in the tissues visually.  
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Heat released from the body was neglected while 

establishing equations (4) and (5), based on our discussion 

of exergy balance in reference [67]. Exergy balance is the of 

the other way of making second law analysis is as:   

 

∑ [Ṅ ex]inin − ∑ [Ṅ ex]
outout − ∑ [1 − (Ts Tb,i)⁄i  ] Q̇i −

                                         Ẇ − Eẋdest = d[N ex]system dt⁄    (8)   

when exergy accumulates in the system slowly the right hand 

side of the equation may be neglected and assumed zero. 

Traditionally, the “useful work potential” of the metabolic 

heat discarded from the body is assessed in terms of its work 

potential in a Carnot engine operating between the system 

and the environment temperatures as “�̇� =  �̇�[1 −
(𝑇𝑟 𝑇𝑏)]⁄ ” where, Tb is 310.15 K, i.e., the body temperature 

on its surface and Ts is the room temperature in the 

immediate surrounding and taken as the average of the body 

surface (310.15 K) and the room (298.15 K) temperatures. In 

the assessments with pregnant mice, the calculated 

magnitude of �̇� was very small; therefore, considered “not 

useful for performing work” [67], implying that neglecting 

the  heat released from the body, do not actually cause a 

considerable error in the present study. In the present study, 

entropy generation does not result in increase in the entropy 

of the body since the body is at steady state. It is like hot 

water kettle where electric input overcomes heat loss and 

maintain water at steady temperature. Entropy generated is 

flushed out. Entropy of water remains constant since water 

is at steady temperature. However, entropy generated within 

the body is due to electron transfer and hence the reactive 

oxidative species damage keeps occurring in proportion to 

entropy generated [62]. In the present study the telomere 

shortening was considered within the context of the 

disposable soma theory and not elaborated further. But, in 

the literature estrogen levels are reported to be increasing 

during the pregnancy [39] and their levels are related with 

the telomere lengths [69]. 

 

4. Conclusion 

Our assessment recommends strongly that the women 

should choose their diets carefully during pregnancy and the 

lactation stages of their lives to minimize their metabolic 

entropy generation rates to avoid filling up their lifespan 

entropy generation limit. Based on the diets designed 

exclusively for each of them, our assessments showed that a 

wealthy woman in a singleton pregnancy may generate 1.5% 

and in the case of twin pregnancy 2.1% of the total lifespan 

entropy generation by a non-pregnant wealthy woman. A 

poor woman may generate in the case of the singleton 

pregnancy 1.8% and in case of the twin pregnancy 2.1% of 

the total lifespan entropy generated by a wealthy woman. It 

should be remembered here that; in the multiple pregnancies 

the babies are usually smaller when compared to those of the 

singleton pregnancies. If the lifespan of the women should 

be determined exclusively by the entropic age concept; 

longevity may exceed 100 years. Under these circumstances 

the percentages, which are presented here to quantify the 

effect of the pregnancy and lactation on the lifespan of the 

women does not appear to be significantly different from 

each other. Therefore, we may conclude that if the pregnant 

and the lactating women should have diets designed by 

knowledgeable nutritionists according to the scientific 

nutritional recommendations and guidelines. In such a case, 

the number of the pregnancies they have may not decrease 

their expected lifespan. In real life, women may not stick to 

such diet lists; therefore, there may be fluctuations in the 

observed longevities. The small differences, which are 

calculated in the present study, may actually explain the 

reason for conflicting longevity and fertility relations 

reported in the previous studies. 
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Table 2. Thermodynamic properties of the nutrients and the products of the metabolism at 1 atm (adapted from Kuddusi, 

[27]). Where hi
o describes the specific enthalpy of formation of the reactants of the metabolism at 273 K, hi

 
,298 K describes 

the specific enthalpy of formation of the reactants of the metabolism at body temperature; si
o and si,

 
310 K

 are the absolute 

entropies of the reactants of the metabolism under the standard conditions and those of the products of the metabolism at the 

body temperature. 

Nutrient 

hi
o 

(kJ/kmol) 

at 273 K 

hi
 
, 298 K

 

(kJ/kmol) 

hi
 
, 310 K

 

(kJ/kmol) 

si
o 

(kJ/kmol K) at 

273 K 

si,
 
310 K

 

(kJ/kmol K) 

at 310 K 

Glucose (C6H12O6) -1260 x 103 - - 212  

Palmitic acid (C16H32O2) -835x103 - - 452.4  

Average amino acid 

(C4.57H9.03N1.27O2.25S0.046)  
-385x103 - - 1.401x119  

O2  8,682 - 218.0  

H2O  9,904 - 215.5 219 

CO2,   9,807 240.4 243.6 

N2   9,014  193.7 

 

Table 3. Calories, the composition of the uptake of the nutrients of and the excreted feces and the urine with each diet in the 

cases of the pregnancy and lactation of wealthy and poor women for singleton and twin pregnancies. 

 

Table 4.  Telomere length (relative units) and entropy generation rate (kJ/K kg) in each trimester and the lactation period. 

 1st trimester 2nd trimester 3rd trimester Lactation period 

 Normal pregnancy for a singleton baby 

Telomere length 1.40 1.57 1.57 1.41 

Entropy generation rate  2.70x10-6 2.88x10-6 2.98x10-6 3.20x10-6 

Entropy generated in pregnancy and 

lactation 
171  

 1st trimester diet  2nd trimester diet  3rd trimester diet lactation diet  

 Singleton baby 
Twin 

babies 

Singleton 

baby 

Twin 

babies 

Singleton 

baby 

Twin 

babies 

Singleto

n baby 

Twin 

babies 

 WEALTHY WOMEN 

Nutrients 

uptake  

2,000 kcal/day 

(8,360 kJ/day) 

2,000 

kcal/day 

(8,360 

kJ/day) 

2,350 

kcal/day 

(9,838 

kJ/day) 

3,300 

kcal/day 

(13,794 

kJ/day) 

2,450 

kcal/day 

(25,090 

kJ/day) 

3,450 

kcal/day 

(14,421 

kJ/day) 

2,330 

kcal/day 

(9,838 

kJ/day) 

3,500 

kcal/day 

(14630 

kJ/day) 

Carbohydrate 

(g/day) 
317 200 331 324 329 348 339 362 

Fat (g/day) 52 84 75 138 83 154 66 169 

Protein 

(g/day) 
73.6 105 96.6 128 100 175 103 149 

O2 (g/day) 581.5 596 692 904 717.5 1,037 683 1,060 

H2O (g/day) 285 270 330 412 340 468 328 480 

CO2 (g/day) 715 687 832 1,039 857 1,188 828.6 1,210 

Feces (g/day) 1,347 840 980 480 921 1,438 877 142 

Urine (g/day) 1,201 1,719 1,576 2,086 1,636 2,852 1,681 2,432 

 POOR WOMEN  

Nutrients 

uptake 

1,700 kcal/day 

(7,106 kJ/day) 

1,700 

kcal/day 

(7,106 

kJ/day) 

2,050  

kcal/day 

(8,569 

kJ/day) 

2,800  

kcal/day 

(11,704 

kJ/day) 

2,150  

kcal/day 

(8,569 

kJ/day) 

3,000  

kcal/day 

(12,500 

kJ/day) 

2,050  

kcal/day 

(8,569 

kJ/day) 

3,200  

kcal/day 

(13,376 

kJ/day) 

Carbohydrate 

(g/day) 
271 271 260 397 292 398 267 460 

Fat (g/day) 47 47 73 85 66 96 75 105 

Protein 

(g/day) 
50 50 109 129 83 119 72 98 

O2 (g/day) 488 488 627 832 607 852 592 917 

H2O (g/day) 240 240 292 397 290 405 280 442 

CO2 (g/day) 599 599 741 1,003 730 1,020 702 1,105 

Feces (g/day) 1,787 1,787 774 465 1,200 627 1,377 965 

Urine (g/day) 810 810 1,786 2,101 1,350 1,936 1,171 1,591 



 
Int. J. of Thermodynamics (IJoT)  Vol. 25 (No. 4) / 051 

 Tubal pregnancy for a singleton baby 

Telomere length 1.54 1.43 1.43 1.47 

Entropy generation rate 2.46x10-6 3.16x10-6 3.27x10-6 3.07x10-6 

Entropy generated in pregnancy and 

lactation 
171 

 Normal pregnancy for twin babies 

Telomere length 1.40 1.57 1.57 1.41 

Entropy generation rate  2.83x10-6 3.71x10-6 4.35x10-6 4.84x10-6 

Entropy generated in pregnancy and 

lactation 
235 

 Tubal pregnancy for twin babies 

Telomere length 1.54 1.43 1.43 1.47 

Entropy generation rate  2.57x10-6 4.08x10-6 4.77x10-6 4.64x10-6 

Entropy generated in pregnancy and 

lactation 
235 

 Normal pregnancy in poverty for a singleton baby  

Telomere length 1.4 1.57 1.57 1.41 

Entropy generation rate 2.22 x10-6 2,67 x10-6 2.52x10-6 2,69x10-6 

Entropy generated in pregnancy and 

lactation 
146 

 Normal pregnancy in poverty for twin babies 

Telomere length 1.4 1.57 1.57 1.41 

Entropy generation rate 2.22 x10-6 3.50 x10-6 3.53 x10-6 4.13 x10-6 

Entropy generated in pregnancy and 

lactation 
201 

 Tubal pregnancy in poverty for a singleton baby 

Telomere length 1.54 1.43 1.43 1.47 

Entropy generation rate 2.02x10-6 2,92 x10-6 2,76 x10-6 2,58 x10-6 

Entropy generated in pregnancy and 

lactation 
146 

 Tubal pregnancy in poverty for twin babies 

Telomere length 1.54 1.43 1.43 1.47 

Entropy generation rate 2.02x10-6 3.84x10-6 3.88x10-6 3.97x10-6 

Entropy generated in pregnancy and 

lactation 
201 

 A non-pregnant woman, generating 

entropy in a similar period 

A man generating entropy in a 

similar period 

Telomere length 1.41 1.47 1.42 1.49 

Entropy generation rate 2.46 x10-6 2.36x10-6 3.52x10-6 3.35x10-6 

Entropy generated in pregnancy and 

lactation 
135 1.94 

 

Table 5. Total and percentage of the entropy generated in the pregnancy and lactation period when compared to the non-

pregnant woman's lifespan entropy. We performed the calculations according to the dietary guidelines [48], which do not 

require a specific weight; the results are applicable to 60 kg, 170 cm tall women. 

 

Total entropy 

generation during 

pregnancy and 

lactation period 

[kJ/(K kg woman)] 

Percentage of the 

non-pregnant 

woman's lifespan 

entropy (%) 

Total entropy 

generation during 

pregnancy and 

lactation period 

[kJ/(K kg woman, 

kg)] 

Percentage of the 

non-pregnant 

woman's lifespan 

entropy (%) 

 NP TP 

Singleton pregnancy 171 1.5 171 1.5 

Twin pregnancy 235 2.1 235 2.1 

Singleton pregnancy in 

poverty 
146 1.3 146 1.3 

Twin pregnancy in poverty 201 1.8 201 1.8 

Non-pregnant women 135 1.2   

Men 194 1.7   
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Nomenclature 

hi
o specific enthalpy of formation at 273 K, (kJ/kmol) 

hi
 
,298 K specific enthalpy of formation at body temperature 

(kJ/kmol)  

si
o absolute entropy the standard conditions (kJ/kmol K) 

si,
 
310 K

 absolute entropy at the body temperature (kJ/kmol K) 
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