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Abstract: In contemporary populations, pregnancy and lactation are usually followed by transient bone loss. The observa-
tion of reduced bone mass in young females from archaeological sites has sometimes been interpreted as an outcome of 
reproductive stress. In order to evaluate the overall effect of reproductive dynamics on bone mass in a historical skeletal 
sample, bone mineral density (BMD) at the proximal femur was assessed by dual-energy X-ray absorptiometry in 78 young 
women (17–39 years) from the Coimbra Identified Skeletal Collection. BMD was compared within the skeletal sample 
(“maternal deaths” [ICD – 10: chapter XV] vs. “other causes of death”, and “married/widowed women” vs. “single 
women”). Results revealed that mean BMD differences among groups are non-significant, suggesting that a strict reproduc-
tive interpretation of premature bone loss in young women from archaeological contexts is not sustained by empirical 
evidence. Bone mass in young women from archaeological sites should be interpreted as a complex trait stemming from 
the interplay between reproductive factors, genetics, nutrition, physical activity, and age at menarche.
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Introduction

Throughout pregnancy and breastfeeding, significant 
changes take place in the maternal calcium (Ca) homeosta-
sis and bone mineral metabolism to satisfy the Ca needs of 
the fetus and the neonate (Namgung & Tsang 2003, Møller 
et al. 2012). Maternal Ca homeostasis is mostly affected dur-
ing the last trimester of pregnancy and the ensuing lactation 
cycle, when calcium requirements surpass those observed in 
the early stages of pregnancy (Agarwal & Stuart-Macadam 
2003; Ulrich et al. 2003). The maternal skeleton struggles 
to adapt to the demand of Ca and other minerals, which are 
transferred through the placenta to mineralize the develop-
ing fetal skeleton. Likewise, the growing requirements of 
calcium during breastfeeding also appeal for an adjustment 
of the bone mineral homeostasis in the lactating woman 
(Agarwal 2008).

Pregnancy typically implicates a high bone turnover, 
with resorption anteceding formation. Bone remodeling 
uncouples during the first and second trimesters, with a peak 
in bone resorption in the last trimester (Ulrich et al. 2003). 
As such, bone mass can decrease during pregnancy, espe-

cially at sites rich in trabecular bone, such as the trochan-
ter or the lumbar vertebrae (Allali et al. 2007; Ulrich et al. 
2003). Notwithstanding, hormonal regulatory mechanisms 
and metabolical adaptations in the maternal body oppose to 
bone loss during pregnancy by retaining the circulatory Ca 
in surplus, increasing intestinal absorption, and decreasing 
renal excretion of calcium (Namgung & Tsang 2003; Ritchie 
et al. 1998). Moreover, bone mass can escalate due to higher 
estrogen levels in late pregnancy and the increased bone 
loading associated with weight gain during gestation (Cure-
Cure et al. 2002). Other factors, like physical activity, body 
mass and smoking habits, can influence bone mass during 
pregnancy, reducing or increasing it (Karlsson et al. 2005; To 
& Wong 2012; Jang et al. 2016; Wei et al. 2017).

The effect of gestation upon the maternal skeleton is still 
not fully understood, with different epidemiological studies 
showing conflicting results about the overall gain or loss of 
bone mass during pregnancy. Nevertheless, most of the stud-
ies have found that bone mineral density (BMD) decreases 
in response to the transfer of calcium to the skeleton of the 
developing fetus (Ritchie et al. 1998; Karlsson et al. 2005; 
Kraemer et al. 2012; Møller et al. 2012).BMDdecline during 
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pregnancy corresponds to a theoretical value of 3%; assuming 
that the fetal Ca requirements of about 30 g are entirely met 
by the mother but reported reduction can reach 9% (Ritchie 
et al. 1998), depending of the skeletal site. Other studies 
have reported unchanged or even increased values of bone 
mineral density (Cross et al. 1995; Holmberg-Marttila et al. 
1999; Cure-Cure et al. 2002; Wei et al. 2017). Interestingly, 
some studies described a BMD decrease at some skeletal 
sites and an increase at others. For example, Ulrich et al. 
(2003) observed that BMD significantly decreased at the 
lumbar spine and the trochanter, while there was a significant 
BMD increase at the proximal 1/3 of the forearm. At other 
anatomical regions, like the total hip, the femoral neck and 
the ultradistal forearm, BMD did not change significantly.

Data from epidemiological and animal studies consider-
ing the cumulative influence of reproductive events (such 
as parity) on bone mass and/or fractures rate are inconsis-
tent (Cavkaytar et al. 2015) – a feature also observed in one 
bioarchaeological study (Mays 2000). While some studies 
reported an increase in BMD connected with the number of 
live births (Henderson et al. 2000; Cure-Cure et al. 2002; 
Streeten et al. 2005), others conveyed a null or negative 
association between parity and BMD (Kojima et al. 2002; 
Allali et al. 2007; Cavkaytar et al. 2015; Crandall et al. 
2017). The duration of the fertility period seems to be posi-
tively correlated with BMD (Sioka et al. 2010; Cavkaytar 
et al. 2015). Finally, and although Ca demands of pregnancy 
are high, osteoporosis associated with pregnancy is a rare 
clinical condition (Krishnakumar et al. 2016).

Most studies have reported a decrease in BMD during 
breastfeeding, but the relative influence of lactation on BMD 
variation at different skeletal sites is still an undecided mat-
ter (Kolthoff et al. 1998; Laskey & Prentice 1999; Kojima 
et al. 2002; Møller et al. 2012; Jang et al. 2016). BMD usu-
ally decreased 4–5% at the lumbar spine (Laskey & Prentice 
1999; Møller et al. 2012) or increased (Cooke-Hubley et al. 
2017), whereas at the hip BMD decreased between 2 and 
4% (Kolthoff et al. 1998; Møller et al. 2012). The duration 
and intensity of breastfeeding seem to influence bone min-
eral density, with greater intensity of breastfeeding asso-
ciated with a significant attenuation of bone loss (Pearce 
2006). During breastfeeding, the maternal skeleton loses Ca 
through milk and the lactation-associated amenorrhea also 
contributes to bone loss (Kojima et al. 2002). The neonate 
typically requires circa 200 mg calcium per day from milk 
during the first 6 months (Kovacs 2016). Also, biochemical 
markers of bone formation and resorption indicate that there 
is an increase of bone turnover at least during the first six 
months of lactation (Prentice 2000). Bone loss is characteris-
tically restored within 6–12 months after the interruption of 
lactation (Ferrari et al. 2012).

Bone health associated with reproductive behavior has 
been studied (albeit indirectly) in different archaeologi-
cal contexts, and reduced bone mass in young females has 
sometimes been interpreted as the consequence of transient 

reproductive stress (Agarwal 2001; Agarwal & Stuart-
Macadam 2003; Agarwal 2008; Brickley & Ives 2008). 
Dewey et al. (1969), in a seminal analysis carried out in three 
skeletal samples from Sudanese Nubia, observed a signifi-
cant precocious cortical thinning in females, imputed to a 
combination of poor calcium intake and prolonged breast-
feeding. Armelagos et al. (1972), studying part of the origi-
nal sample from Dewey et al. (1969), also suggested that the 
precocious cortical bone loss observed in females reflected 
the physiological stress associated with extended breast-
feeding and inadequate calcium consumption. Subsequent 
studies employing different techniques to assess bone mass 
and focused in only one of the samples from Sudanese 
Nubia (X-Group A.D. 350–550) maintained the emphasis 
on the reproductive factors affecting bone mass (Martin & 
Armelagos 1979; White & Armelagos 1997).

In contrast, Ericksen (1976) expressed reluctance to 
ascribe any differences in bone mass observed in three 
Native American populations to the effects of pregnancy 
and lactation. Vogel et al. (1990) suggested that parity 
might have enhanced trabecular connectivity in females 
from European historical samples. A decade later, Poulsen 
et al. (2001) considered that BMD age-related decline in a 
group of Danish medieval women and, sequentially, BMD 
relative increase in older age could be justified by features 
connected to childbearing. The authors suggested that the 
observed higher mortality (no statistics were given) among 
the younger women was associated with a low BMD. The 
leading reasons for the high mortality would encompass 
the increased physiological demands associated with preg-
nancy and lactation, so that only the strongest women sur-
vived to older ages. It was also suggested that bone loss 
observed in the young women from English and Norwegian 
medieval samples could be related to the fact that these 
individuals died during their reproductive age and thus 
were possibly pregnant or breastfeeding at the time of death 
(Turner-Walker et al. 2001; Agarwal & Stuart-Macadam 
2003; Agarwal et al. 2004; Mays et al. 2006). Agarwal 
et al. (2004) summarize this interpretation implying that 
the reduced bone mass observed in young women from 
archaeological samples is plausible. A radiogrammetric 
study in the Coimbra identified Skeletal Collection found 
no significant differences in the metacarpal cortical param-
eters between young women who died from pregnancy 
complications and from other causes (Curate et al. 2012).

Epidemiological and anthropological studies address the 
relevance of reproductive dynamics to bone health, both dur-
ing childbearing and childrearing, and later in life. The main 
purpose of this study was to evaluate the overall influence 
of reproductive factors (pregnancy and marital status) on 
bone mass in an identified skeletal sample of young adult 
women from Coimbra (Portugal). Therefore, BMD in young 
women who died of conditions related or aggravated by the 
pregnancy, childbirth, or the puerperium, and those who died 
from other causes was compared (age range 17–39 years). 
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Since it is not possible to know for sure if these latter women 
were not pregnant or lactating when they died, BMD values 
of married/widowed young females were equated with those 
of single young women – admitting that the reproductive 
dynamics (hence, the hormonal milieu) in each group were 
distinctive. The effect of reproductive factors on bone mass 
in archaeological contexts is also discussed.

Material and methods

Eusébio Tamagnini compiled the Coimbra Identified Skeletal 
Collection, curated at the Anthropological Museum in the 
University of Coimbra, between 1915 and 1942. The col-
lection includes 505 skeletons with documented sex, age at 
death, cause of death, occupation, among other biographical 
information; the majority was exhumed from the Coimbra 
municipal cemetery, Cemitério da Conchada, where indi-
viduals were buried for at least five years. All the collected 
individuals, mostly Portuguese nationals with low socioeco-
nomic status and engaged in non-qualified manual labor, 
were born between 1822 and 1921, and died between 1904 
and 1936 (Cunha & Wasterlain 2007).

All women between 17 and 39 years in the CISC were 
co-opted into the study sample (N = 86). The fertile period 
of a woman is usually considered from 15 to 45 years, but 
historical records suggest that, for the most part, last mater-
nity occurred circa 40 years or before (Head-König et al. 
2001). Individuals lacking crucial information (e.g., cause 
of death), displaying gross diagenetic and/or pathological 
changes in both femurs, or of non-Portuguese ancestry, were 
excluded (three exclusions due to taphonomic damage, two 
to ancestry, one to pathological changes in both femora, one 
to unspecified cause of death and one to absence of the fem-
ora). As such, the definitive study sample included 78 young 
females, mostly from Central Portugal (districts of Coimbra, 
Guarda, Leiria, Viseu, Aveiro, Castelo Branco and Santarém; 
92.3% [72/78]) and belonging to the underprivileged socio-
economic classes. The overwhelming majority were house-
wives or employed as domestic servants. They were all born 
between 1873 and 1917, and died between 1910 and 1936. 
There were 35 single women (44.9%) and 43 married/wid-
owed women (55.1%, with only three widows). Mean age 
at death was significantly different between groups of mari-
tal status (Single: 25.4 years; SD = 6.8; 95% CI 23.1–27.8 
/ Married or widowed: 29.7 years; SD = 6.3; 95% CI 27.8–
31.6; Student’s t: −2.853; df = 76; p = 0.006).

Maternal Mortality is “defined as a death of a woman 
while pregnant or within 42 days of termination of preg-
nancy, irrespective of the duration and site of pregnancy, 
from any cause related or aggravated by the pregnancy or its 
management, but not from accidental or incidental injuries” 
(World Health Organization 1994). Seven women from the 
study sample died unequivocally of conditions related to or 
aggravated by the pregnancy, childbirth or the puerperium 

(ICD-10: chapter XV): peritonitis after an abortion (N = 1), 
dystocic labor, with dead fetus (N = 1), placenta praevia 
(N = 1), uterine rupture, with injured fetus (N = 1), and puer-
peral infections (N = 3). The remaining women in the sample 
died of other causes (N = 71; Table 1). Mean age at death of 
women who died of pregnancy complications was 28.0 years 
(SD = 7.0; 95% CI 21.5–29.3), while in the “other causes of 
death” group was 27.8 years (SD = 6.9; 95 % CI 26.1–29.3). 
The difference is not significant (Student’s t: −0.093; df = 
76; p = 0.926).

Bone mineral density (BMD, g/cm2) was evaluated in 
four regions of interest (ROI) of the proximal femur (“neck”, 
“trochanter”, “intertrochanteric region”, and “total hip”; 
Fig. 1) through dual-energy X-ray absorptiometry (DXA). 
BMD at the Ward’s area was not included in the study 
because measurement imprecision in this region is sub-
stantial (Bonnick 2010). The left femur from each sampled 
young woman was scanned with a Hologic QDR-4500A 
densitometer (Hologic, Inc., Bedford, MA) at the Serviço 
de Medicina Nuclear, Centro Hospitalar e Universitário 
de Coimbra, Portugal. When absent, or altered by diage-
netic changes or pathological conditions, the left femur was 

Table 1. Causes of death (ICD-10) in the CISC study sample.

N (%) Cause of death 
(International Classification of Diseases 10)

31 (39.7) I (A00-B99): 
Certain infectious and parasitic diseases

6 (7.7) II (C0-D48): 
Neoplasms

2 (2.6) III (D50-D89): 
Diseases of the blood and blood-forming organs and 
certain disorders involving the immune mechanism

1 (1.3) VI (G00-G99): 
Diseases of the nervous system

6 (7.7) IX (I00-I99): 
Diseases of the circulatory system

6 (7.7) X (J00-J99): 
Diseases of the respiratory system

11 (14.1) XI (K00-K93): 
Diseases of the digestive system

3 (3.8) XIV (N00-N99): 
Diseases of the genitourinary system

7 (9.0) XV (O00-O99): 
Pregnancy, childbirth and the puerperium

2 (2.6) XVIII (R00-R99): 
Symptoms, signs and abnormal clinical and 
laboratory findings, not elsewhere classified

1 (1.3) XIX (S00-T98): 
Injury, poisoning and certain other consequences of 
external causes

2 (2.6) XX (V01-Y98): 
External causes of morbidity and mortality
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replaced by its right counterpart (just one case). Direct 
and indirect  analyses – macroscopical analysis, absence of 
soil erosion (i.e., macroscopical destruction of endocorti-
cal or trabecular bone caused by soil) on plain radiographs 
(n = 28), microradiography (Bergot et al. 2009), and epide-
miologically expected patterns of bone loss (Curate et al. 
2013) – suggest that the sample from the CISC is in appro-
priate state of preservation. Usually, BMD values are highly 
correlated in both femora (Bonnick 2010). Each femur was 
placed anteroposteriorly, with the shaft parallel to the central 
axis of the scanner, in a low-density paper container, directly 
above 10 cm of dry rice (which acted as a soft-tissue substi-
tute). To increase the reproducibility the femur was internally 
rotated circa 35 degrees (Curate 2014a). Twenty-five femora 
were scanned in two different days to check repeatability 
of the DXA measurements. The magnitude of the measure-
ment error at the total hip and neck was assessed through the 
relative technical error of measurement (rTEM), following 
Ulijaszek & Kerr (1999):

   (1)

and

 , (2)

where TEM is the technical error of measurement, D is the 
difference between the first and second observation, N is 
the number of femora measured in two different instances, 
and VMV is the variable mean value. Measurements with a 
rTEM value inferior to 5% were considered precise.

Statistical analysis was performed with IBM® SPSS® 
(version 20.0.0). Descriptive statistics, including group 
means, standard deviation (SD) and 95% confidence inter-
vals (95% CI) for the mean were estimated for each vari-
able. The assumption of normality was evaluated through the 
skewness and kurtosis of the distributions (Kline 2010) and 
normal Q-Q plots. Homoscedasticity was assessed with the 
Levene’s test. Student’s t-test for independent samples was 
used to evaluate the null hypothesis that the means of two 
groups were equal. Analysis of variance (ANOVA) was used 
to compare means in more than two groups. Linear Pearson 

Fig. 1. Densitometric image of a proximal femur; red line: femoral neck, yellow line: tro-
chanteric region, green line: intertrochanteric region, blue line: Ward’s area; the total hip is 
the sum of three individual regions of interest: femoral neck, trochanteric region, and inter-
trochanteric region.
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correlation was employed to associate bone mineral density 
with recorded age at death and long bones length.

A measure of size effect was computed using the stan-
dardized mean difference for two groups (d; Cohen 1988), 
as follows:

 ,

where m1 and m2 are the means of two groups and sdpooled 
is the pooled standard deviation. Eta squared (η2, the pro-
portion of the total variability explained by each factor) was 
computed as a measure of size effect for ANOVA effects 
(Levine & Hullett 2002).

Results

Repeatability
The relative technical error of measurement for BMD mea-
surements is 0.6% at the total hip and 2.3% at the neck.

BMD and reproductive factors
Bone mineral density is not linearly correlated with age at 
death in this sample of young women (Pearson’s rneck*age: 
−0.112; p = 0.327 / Pearson’s rtrochanter*age: −0.018; p = 
0.874 / Pearson’s rintertrochanteric region*age: 0.048; p = 0.677 / 
Pearson’s rtotal hip*age: −0.025; p = 0.827). There is a slight 
decline of BMD in all the examined regions of interest of 
the proximal femur from the 17–19 years age class to the 
20–29 age category, and a small increase from this group 
to the oldest (30–39 years; Table 2), but the differences 
are not significant (Anova Fneck: 1.008; df = 2; p = 0.370; 
η2 = 0.026 / Anova Ftrochanter: 1.019; df = 2; p = 0.366;  
η2 = 0.027 / Anova Fintertrochanteric: 0.630; df = 2; p = 0.535 
η2 = 0.017 / Anova Ftotal hip: 0.008; df = 2; p = 0.601;  
η2 = 0.013).

BMD results for the “maternal deaths” and “other 
causes of death” groups are shown in Table 3. Although 
mean BMD is higher in the “ICD-10: chapter XV” group, 
the tests failed to reject the null hypothesis. Cohen’s d (a 
measure of size effect) for each ROI is depicted in Table 4. 
Also, there are no differences in BMD values between any 
of the “ICD-10 causes of death” groups (Anova Fneck: 1.032; 

Table 2. Age at death categories and BMD values (g cm−2) in the proximal femur. Data provided with standard deviation (SD) and 
95% confidence intervals (95% CI).

Region of interest Age category Mean SD 95% CI N
BMDneck 17–19 0.851 0.17 0.736–0.967 11

20–29 0.790 0.10 0.754–0.827 34
30–39 0.802 0.13 0.750–0.843 33

BMDtrochanter 17–19 0.725 0.13 0.633–0.817 11
20–29 0.675 0.09 0642–0.708 34
30–39 0.701 0.11 0.660–0.742 33

BMDintertrochanteric 17–19 1.072 0.20 0.939–1.205 11
20–29 1.030 0.11 0.991–1.070 34
30–39 1.065 0.14 1.012–1.117 33

BMDtotal hip 17–19 0.928 0.17 0.815–1.042 11
20–29 0.885 0.10 0.850–0.920 34
30–39 0.901 0.13 0.870–0.926 33

Table 3. Maternal deaths BMD values (g cm−2) in the proximal femur. Data provided with standard deviation (SD) and 95% confidence 
intervals (95% CI).

Maternal deaths (ICD–10: chapter XV) Other causes of death Student’s t test
Mean SD 95% CI N Mean SD 95% CI N t sig.

BMDneck 0.865 0.13 0.740–0.990 7 0.796 0.13 0.766–0.825 71 −1.396 0.167
BMDtrochanter 0.763 0.12 0.649–0.877 7 0.686 0.11 0.661–0.711 71 −1.792 0.077
BMDintertrochanteric 1.143 0.20 0.962–1.325 7 1.041 0.13 1.010–1.073 71 −1.837 0.070
BMDtotal hip 0.937 0.17 0.778–1.097 7 0.894 0.12 0.865–0.922 71 −0.874 0.385

t: value of the t test; sig.: significance.
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df = 11; p = 0.429; η2 = 0.146 / Anova Ftrochanter: 0.865;  
df = 11; p = 0.578; η2 = 0.126 / Anova Fintertrochanteric: 0.731; 
df = 11; p = 0.705 η2 = 0.109 / Anova Ftotal hip: 0.543; df = 
11; p = 0.867; η2 = 0.083).

Married/widowed young women tend to exhibit a lower 
mean bone mineral density in the analyzed ROI (except for 
BMD at the intertrochanteric region) but the differences are 
not statistically significant, implying that marital status did 
not significantly influenced BMD. Cohen’s effect size values 
suggest low practical significance (Table 4). Statistics are 
summarized in Table 5.

Discussion

Repeatability
The relative technical error of measurement expresses obser-
vation error as a percentage corresponding to the total aver-
age of the measured variables. rTEM values suggest that the 
variation in measurements of BMD at the neck of the femur 
and the total hip is very low.

BMD and reproductive factors
Peak bone mass is achieved during early adult years and 
bone mineral density is usually preserved until the late thir-
ties (Nguyen et al. 2009). As such, and although bone loss 
is a universal result of ageing occurring in both sexes, inde-
pendently of gonadal hormone levels (Curate 2014a; Lems 

& Raterman 2017), an age-related constancy in BMD values 
within the young females’ sample was expected.

Women who died while being pregnant, or shortly after, 
did not have lower BMD values. Pregnancy is a high turnover 
physiological event, peaking in third trimester (Ulrich et al. 
2003). Therefore, bone mass can decline during gestation 
(Allali et al. 2007). However, results from epidemiological 
studies are contradictory. Hormonal and metabolical adapta-
tions in the maternal body oppose bone loss during gesta-
tion (Namgung & Tsang 2003) and lifestyle factors, such as 
physical activity, seem to influence bone mass during this 
period (To & Wong 2012). Pregnancy also involves weight 
gain, which increases mechanical loading and calcium intes-
tinal absorption (Karlsson et al. 2005; Streeten et al. 2005; 
Jang et al. 2016). However, it is important to note that high 
fertility is sometimes associated with poor nutritional status 
(Haloi & Limbu 2013).

Childbirth can even be associated with a “gestational 
bone mass peak” (Cure-Cure et al. 2002), with an increase 
in the bone mineral density and total bone and calcium con-
tent in all skeletal areas after each parturition. All mater-
nal deaths in the CISC sample (except the abortion, which 
probably occurred during the third trimester of pregnancy) 
took place during birth or shortly after. As such, BMD in 
the “maternal deaths” must be interpreted considering that 
pregnancy effects upon the maternal skeleton are doubtfully 
understood, with a large array of factors affecting bone mass 
not only during gestation, but also during early adulthood 

Table 4. Size effect measure (d statistics) in group comparisons. Data provided with 95% confidence intervals (95% CI) and percent 
overlap (% overlap).

Group comparisons Cohen’s d 95% CI % overlap
Maternal Deaths vs. Other Causes (BMDneck) −0.5530 −1.3343–0.2283 ~ 66.6
Maternal Deaths vs. Other Causes (BMDtrochanter) −0.7099 −1.4943–0.0745 ~ 57.0
Maternal Deaths vs. Other Causes (BMDtrochanteric region) −0.7277 −1.5126–0.0571 ~ 57.0
Maternal Deaths vs. Other Causes (BMDtotal hip) −0.3462 −1.1246–0.4321 ~ 78.7
Single vs. Married/Widowed (BMDneck) 0.0314 −0.4148–0.4776 ~ 100
Single vs. Married/Widowed (BMDtrochanter) 0.1746 −0.2724–0.6217 ~ 85.3
Single vs. Married/Widowed (BMDtrochanteric region) −0.0305 −0.4767–0.4157 ~ 100
Single vs. Married/Widowed (BMDtotal hip) 0.0936 −0.3529–0.5400 ~ 92.3

Table 5. Marital status in young women from the CISC and BMD values (g cm−2) in the proximal femur. Data provided with standard 
deviation (SD) and 95% confidence intervals (95% CI).

Married/Widowed Single Student’s t test
Mean SD 95% CI N Mean SD 95% CI N t sig.

BMDneck 0.800 0.14 0.756–0.844 43 0.804 0.10 0.768–0.840 35 0.138 0.890
BMDtrochanter 0.684 0.12 0.647–0.722 43 0.704 0.10 0.671–0.736 35 0.767 0.446
BMDintertrochanteric 1.053 0.16 1.004–1.101 43 1.048 0.12 1.007–1.090 35 −0.134 0.894
BMDtotal hip 0.892 0.14 0.849–0.936 43 0.904 0.10 0.869–0.940 35 0.411 0.683

t: value of the t test; sig.: significance.
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(Karlsson et al. 2005; Nguyen et al. 2009; Plochocki 2009). 
As previously stated, another paleopathological study in the 
CISC, with a smaller sample and using second metacarpal 
radiogrammetry to evaluate cortical bone mass, found no 
significant differences in the cortical index, total diaphysis 
width and medullary width between the “maternal deaths” 
and “other causes of death” groups (Curate et al. 2012).

Data from the Portuguese national statistical surveys 
during the first half of the 20th century show that most of 
the births occurred within marriage. Although illegitimacy 
was not negligible, the total fertility rate among married 
women was much higher when compared to single women 
(Nazareth 1978). In 1930, the mean number of offspring per 
woman was 3.9, ranging from 3.3 in Coimbra and 4.4 in 
Guarda (Morais 1983) – almost half of the parous women 
had three or more children, with 8.2% having nine or more 
(Barata 1985). Also, breastfeeding periods were long (Alves 
& Almeida 1992). It is reasonable to believe that the repro-
ductive dynamics amongst married/widowed young women 
and single young women at the CISC sample were rather 
different, with the former being more prone to transient 
reproductive stress, i.e., multiple pregnancies and extended 
periods of lactation. Still, there is no significant difference 
in the proximal femur BMD between the groups of mari-
tal status. During gestation and breastfeeding there is a suite 
of behavioral and hormonal changes that have the potential 
to influence BMD: alcohol consumption, level of physical 
activity, nutrition, body weight, estrogen levels, soft tissue 
composition, intensity, and duration of lactation (Karlsson 
et al. 2005; Pearce 2006; Piperata 2009). While some of 
these factors will reduce BMD, some will increase it – mak-
ing difficult to predict BMD development during pregnancy 
and lactation (Karlsson et al. 2005).

The results are not consistent with strict interpreta-
tions suggesting that low bone mass in young women from 
archaeological sites is due to reproductive stress – but this 
study has some limitations. First, the number of maternal 
deaths in the CISC sample is small, which reduces the 
power of statistical tests to detect BMD differences (if any) 
between individuals that died while pregnant, or shortly 
after, and individuals killed by other causes (although the 
use of an effect size with a confidence interval, like Cohen’s 
d, highlights the practical significance, rather than the 
sample sizes). Second, it is impossible to know baseline 
BMD in the “maternal deaths” group (i.e.,BMD just before 
pregnancy) making impossible to know for sure if BMD 
decreased, increased, or has remained stable during preg-
nancy. Finally, the reconstruction of the entire reproductive 
history (e.g., number of pregnancies, lactation periods, etc.) 
of these women is unfeasible, and while we can presume 
the major tendencies in the past reproductive dynamics, we 
must assume the limitations inherent to any generalization. 
Examining the few existing reference skeletal collections or 
the maternal deaths documented in archaeological samples 
(e.g.,Willis & Oxenham 2013) can – at least hypotheti-

cally – mitigate the first problem, but the others will persist 
unsolved.

The difficulties pertaining the study of BMD and repro-
ductive factors in archaeological contexts are even more 
challenging. The observation of female precocious bone 
loss in paleopathological studies (e.g., Ekenman et al. 1995; 
Holck 2007; Mays et al. 2006; Agarwal & Grynpas 2009) 
is sometimes interpreted in a context of reproductive stress 
(e.g., Armelagos et al. 1972; Martin et al. 1984; Martin et al. 
1985; Agarwal 2001; Poulsen et al. 2001; Turner-Walker 
et al. 2001; Agarwal et al. 2004). Agarwal et al. (2004: 
42) have suggested that early bone loss observed in young 
women from archaeological samples is expected, as “we may 
simply be observing skeletons of premenopausal women of 
reproductive age who were pregnant or breast-feeding at 
time of death”. Although this is theoretically acceptable, it is 
not exempt of empirical problems.

First, early bone loss in women from archaeological 
samples is not a universal finding. For example, Lees et al. 
(1998: 675) did not find any evidence of premenopausal 
bone loss in the Spitalfields collection, even recognizing that 
“modern-day women had lost femoral neck bone density pre-
menopausally significantly faster than did the Spitalfields 
women”. Kneissel et al. (1997) did not detect bone loss in 
medieval Nubian women before 40 years, and Cho & Stout 
(2003) suggest that ancient Romans at Isola Sacra, of both 
sexes, attained a greater peak bone mass than modern coun-
terparts. A microradiographic evaluation of the degree of 
cortical bone mineralization in the femoral shaft in a sample 
from the CISC did not observe premature undermineraliza-
tion of bone in females – before 50 years of age, mineral-
ization was even higher in females than in males from the 
same age category (Bergot et al. 2009). Likewise, female 
early bone loss in high fertility modern samples is not more 
pronounced than in low fertility samples (e.g., El Maghraoui 
et al. 2006; Madimenos et al. 2011; Madimenos et al. 2012), 
and BMD can be maintained in the context of a fluctuating 
hormone environment connected to multiple pregnancies 
and prolonged lactation periods without recovery intervals 
(Henderson et al. 2000).

Furthermore, any attempt to ascertain the detrimental 
impacts of pregnancy and lactation on maternal bone health 
in the past (Brickley & Ives 2008) is hampered by age at 
death estimation. Biological aging exhibits great phenotypic 
variation, and the estimation of age at death in adult skel-
etal remains usually yields poor to mediocre assessments of 
both biological and chronological age (Cunha et al. 2009). 
As Mays et al. (1998) rightly point out, it is very difficult 
to interpret bone loss in an age class such as the 50+ years 
group. Of course, there is also an indiscriminate merging 
of individuals of disparate ages in the 30–49 years age 
class. Hence, an observed “significant statistical differ-
ence” between these two age categories does not imply a 
biological causation (i.e., a “reproductive” or “hormonal” 
causation).
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Reproductive patterns were undoubtelly differ-
ent between historical and modern Westernized women 
(Sperling & Beyene 1997; Agarwal & Stuart-Macadam 
2003; Luna et al. 2014), which can explain poor bone 
health and trabecular bone architecture in young histori-
cal females (Agarwal 2001; Agarwal & Stuart-Macadam 
2003). However, there is an enormous variation in repro-
ductive dynamics among and within human populations, 
with very few univariant aspects in women’s reproduction. 
Human reproductive histories in the past were as diverse 
as now, with geographical, ecological, cultural, or indi-
vidual adjustments (Sperling & Beyene 1997; Chamberlain 
2006). Human reproductive experiences are directly shaped 
by individual behavior, with parameters such as celibacy, 
age at first marriage or conscious birth spacing influencing 
population fertility (Chamberlain 2006).

BMD is a complex phenotypic trait, whose expression is 
influenced by several environmental, hormonal, and genetic 
factors (Zhang et al. 2009; Curate 2014b). In historical popu-
lations, bone mass in young females has been related with 
pregnancy and lactation stress (e.g., Poulsen et al. 2001; 
Agarwal et al. 2004; Mays 2010), nutrition (e.g., Pfeiffer & 
Lazenby 1994; Turner-Walker et al. 2001) or physical activ-
ity (e.g., Mulhern & Van Gerven 1997; Peck & Stout 2007), 
but associations with age at menarche, genetics or ancestry 
are not common, in spite of their well known impact on bone 
mass (Zhang et al. 2009; Madimenos et al. 2012; Henderson 
& Padez 2017). A multi-method evaluation of bone health in 
past populations is also warranted (Beauchesne & Agarwal 
2017).

Conclusions

BMD at the proximal femur in a group of young females 
from the Coimbra Collection was not influenced by mari-
tal status or cause of death; and the observed results do not 
support a straightforward association between reproductive 
stress and premature bone loss in skeletal samples. Although 
reproductive factors probably influenced bone mass in 
young women found in archaeological contexts, a strict 
“reproductive explanation” for early bone loss in historical 
females is unwarranted. Bone mass in historical young adult 
women from archaeological contexts has many correlates, 
stemming from a complex interplay of risk factors and must 
be addressed in a biocultural framework (Agarwal 2008; 
Brickley & Ives 2008), exploring local interpretations and 
multilevel models of causation.
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