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ABSTRACT In populations with limited resources, high-reproductive effort may lead to poor nutritional status of
the mother (the maternal depletion syndrome), whereas in well-nourished populations woman’s body weight tends to
increase after each pregnancy. However, in affluent populations, women’s body shape may change due to mobilization of
polyunsaturated fatty acids (PUFAs) from the lower parts of their bodies to meet the needs of the developing child (the
‘‘covert maternal depletion’’). We studied relationships between reproductive history traits and body size and shape for
296 rural, parous women in good nutritional status (mean body mass index, BMI 5 27.9, SD 5 5.94), aged 22–85 (mean
47.8, SD 5 16.34) from southern Poland. Body mass adjusted for age, age of menarche, body height, and similarly
adjusted BMI were each positively related to the number of children born by a woman (R 5 0.13, P 5 0.02 and R 5

0.13, P 5 0.02, respectively). Waist and hip circumferences, adjusted for confounders, did not show statistically signifi-
cant relationships with the number of children. Moreover, groups with low and high parity did not significantly differ in
hip/BMI and waist/BMI ratios, which were proposed to be indicators of covert form of maternal depletion (after control-
ling for overall body fatness and age). In conclusion, parity caused a slightly higher body mass and BMI later in life.
However, parity did not lead to covert maternal depletion, perhaps because women in this population have relatively
high-dietary intake of PUFAs. Am. J. Hum. Biol. 21:520–523, 2009. ' 2009 Wiley-Liss, Inc.

In populations with limited access to resources high-
reproductive effort may lead to poor nutritional status
of the mother (the, so-called, maternal depletion syn-
drome) (Jelliffe and Maddocks, 1964; Khan et al., 1998;
Shell-Duncan and Yung, 2004; Tracer, 2002). By contrast,
in well-nourished populations, women’s body weight tends
to increase with each pregnancy (Harris et al., 1997a),
which suggests a lack of maternal depletion. However, a
recent study by Lassek and Gaulin (2006) showed that in
the United States women increasing parity is associated
with a decrease in hip and thigh circumferences, even
though each pregnancy is associated with an increase in
body weight and fat. These authors suggested that mobili-
zation of body fat from hips and thighs is necessary in
pregnant and lactating women, because developing fetal
and infant brain requires polyunsaturated fatty acids
(PUFAs) (Hornstra, 2000; Lassek and Gaulin, 2006).
These fatty acids are stored in maternal lower body
regions and are usually not used until late pregnancy and
lactation. Once mobilization of fatty acids occurs, it leads
to a shift in the relative fat distribution. This phenomenon
was referred to as covert maternal depletion.

This study examined the potential occurrence of covert
maternal depletion in population with traditional, rural,
agricultural lifestyle, good nutritional status, and rela-
tively high fertility.

MATERIALS AND METHODS

We examined 296 rural, parous women aged 22–85
(mean 47.8, SD 5 16.34) from The Mogielica Human Ecol-
ogy Study Site (for description of study site, see Jasienska
and Ellison 2004). Body height, body weight and percent-
age of body fat (by bioimpedance) were measured by
trained assistants. A general questionnaire was used to
collect information about reproductive health and family

history. Women had between 1 and 12 children (mean
3.97, SD 5 2.12) and were well nourished (mean BMI 5
27.9, SD 5 5.94) (Table 1). We excluded from the analysis
four nulliparous women and women who were pregnant
or breastfeeding during the study.

Statistical analysis

The relationship between the mother’s current body
weight as the dependent variable and the number of her
children was tested by multiple regression analysis. The
model included the potential-confounding variables char-
acterizing the mother, such as her age, age of menarche,
and body height. We also performed a similar analysis
with body mass index (BMI) as the dependent variable
instead of body weight (body height was not used as a
variable in any analysis that included the BMI).

Following the method of Lassek and Gaulin (2006), we
calculated the ratios of the waist and hip circumferences
to BMI. These ratios were proposed to indicate the rela-
tive proportion of fat stored in these regions of the body.
To test the occurrence of covert maternal depletion,
women were divided into two groups based on the median
number of children (low parity, three children or fewer vs.
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high parity, more than three children), and the analyses of
covariance were used to test the differences among the
two groups in waist circumference, hip circumference,
waist-to-hip-ratio (WHR), hip/BMI ratio and waist/BMI
ratio, while controlling for the percentage of body fat and
age (covariates).

In order to further test if parity leads to changes in
the relative fat distribution, but to avoid potential sta-
tistical problems associated with the use of ratios
(Jasienski and Bazzaz, 1999), we run six different mul-
tiple regression analyses. First, we tested if hip and
waist circumference is affected by parity controlling for
age and BMI as potential confounders. Second, we
tested the relationship between hip circumference and
parity, while controlling for age, BMI, and waist cir-
cumference. We repeated this analysis replacing BMI
with the body fat and body height. We also tested the

relationship between waist circumference and parity,
when adjusting for age, BMI, and hip circumference,
and finally we repeated this analysis replacing BMI
with the body fat and body height. Analyses were per-
formed with Statistica analysis package version 7.0 for
Windows.

RESULTS

Body mass adjusted for age, age of menarche, and body
height and the similarly (with the exception of body
height) adjusted BMI were positively related to the num-
ber of children born by a woman (R 5 0.13, P 5 0.02; R 5
0.13, P 5 0.02, respectively; Table 2).

None of the results suggested that covert maternal
depletion occurs in the studied population. Hip circumfer-
ence (Table 3) was not related to the number of children,
while controlling for age and BMI (R 5 0.04, P 5 0.07;
Model 1a). Moreover, adding waist circumference as addi-
tional potential covariate did not change the results (R 5
0.03, P 5 0.09; Model 2a). Similarly, hip circumference
did not depend on the number of children, when instead
of BMI, body fat, and body height were included in the
model (R 5 0.03, P 5 0.21; Model 3a). Waist circumfer-
ence (Table 4) was not dependent on the number of chil-
dren born by a woman, when adjusted for age and BMI
(R 5 0.02, P 5 0.46; Model 1b) or age, BMI, and hip cir-
cumference (R 5 0.01, P 5 0.65; Model 2b). Including
body fat and body height instead of BMI did not change
the statistical significance of the relationship (R 5 0.03,

TABLE 1. Characteristics of the participants

All women Low parity (�3 children) High parity (> 3 children)

N Mean SD Range N Mean SD Range N Mean SD Range

Age (years) 294 47.8 16.34 22–85 157 41.0 14.46 22–84 137 55.5 14.90 25–85
Age of menarche (years) 274 14.59 1.46 10–18 151 14.44 1.38 10–18 123 14.78 1.54 11–18
No. of children 296 3.97 2.12 1–12 158 2.37 0.69 1–3 137 5.77 1.68 4–12
Body fat percentage 279 33.24 7.67 12.5–51.0 148 31.87 7.88 12.5–51.0 131 34.79 7.14 17.0–49.1
Body weight (kg) 292 70.70 14.95 37.9–119.1 155 68.14 14.42 37.9–119.1 137 73.60 15.07 38.4–114.4
Body height (cm) 292 159.33 6.29 138.2–175.0 155 160.46 6.11 138.2–175.0 137 158.05 6.26 143.8–173.5
Body mass index (kg/m2) 292 27.90 5.94 16.6–49.3 155 26.51 5.68 16.59–49.34 137 29.47 5.85 17.84–48.85
Waist circumference (cm) 291 89.99 14.85 63.0–130.0 154 85.50 13.94 63.0–130.0 137 95.03 14.26 68.4–128.5
Hip circumference (cm) 292 105.70 11.74 82.3–147.5 155 103.05 11.06 82.3–147.5 137 108.71 11.81 87.6–145.7
Waist-to-hip ratio 291 0.85 0.08 0.69–1.12 154 0.83 0.07 0.69–1.12 137 0.87 0.07 0.72–1.06
Hip/BMI ratio 291 3.87 0.44 2.91–5.31 155 3.97 0.44 2.95–5.31 136 3.76 0.40 2.91–4.98
Waist/BMI ratio 290 3.27 0.30 2.54–4.25 154 3.27 0.28 2.54–3.96 136 3.26 0.33 2.63–4.25

TABLE 2. Body mass and body mass index in relation to parity

Body mass (kg) BMI (kg/m2)

N 5 271;
R2 5 0.22;
P < 0.001

N 5 271;
R2 5 0.23;
P < 0.001

Ra P R P

No. of children 0.13 0.02 0.13 0.02
Age (years) 0.31 <0.001 0.34 <0.001
Age of menarche (years) 20.15 0.007 20.15 0.007
Body height (cm) 0.33 <0.001 – –

aValues of semipartial correlation.

TABLE 3. Hip circumference in relation to parity

Hip circumference (cm)

Model 1a Model 2a Model 3a
N 5 289;
R2 5 0.88;
P < 0.001

N 5 288;
R2 5 0.89;
P < 0.001

N5 275;
R2 5 0.81;
P < 0.001

Ra P R P R P

No. of children 0.04 0.07 0.03 0.09 0.03 0.21
Age (years) 20.03 0.12 20.06 0.005 20.08 0.002
Body mass index (kg/m2) 0.85 <0.001 0.35 <0.001 – –
Waist circumference (cm) – – 0.06 0.002 0.34 <0.001
Body fat percentage – – – – 0.17 <0.001
Body height (cm) – – – – 0.03 0.33

aValues of semipartial correlation.

TABLE 4. Waist circumference in relation to parity

Waist circumference (cm)

Model 1b Model 2b Model 3b
N 5 288;
R2 5 0.85;
P < 0.001

N 5 288;
R2 5 0.86;
P < 0.001

N 5 275;
R2 5 0.84;
P < 0.001

Ra P R P R P

No. of children 0.02 0.46 0.01 0.65 0.03 0.23
Age (years) 0.19 <0.001 0.19 <0.001 0.16 <0.001
Body mass index

(kg/m2)
0.72 <0.001 0.20 <0.001 – –

Hip circumference
(cm)

– – 0.07 0.002 0.31 <0.001

Body fat percentage – – – – 0.15 <0.001
Body height (cm) – – – – 20.01 0.84

aValues of semipartial correlation.
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P 5 0.23; Model 3b). Repeating analyses for a restricted
sample of women younger than 50 years of age did not
reveal any significant relationships between parity and
waist or hip circumference (results not shown).

Groups of women with low and high parity did not differ
significantly in mean hip and waist circumferences, con-
trolling for the percentage of body fat and age (F1,268 5
1.98, P 5 0.16, and F1,267 5 2.27, P 5 0.13, respectively,
Table 5). In addition, while controlling for the percentage
of body fat, WHR was significantly higher in the group of
women with more than three children (F1,273 5 8.98, P 5
0.003); however, after including age of the woman as an
additional covariate, the model was no longer statistically
significant (F1,267 5 0.16, P 5 0.69, Table 5).

Women with more than three children had lower hip/
BMI ratio than women with less than three children, con-
trolling for the overall body fatness (F1,274 5 5.35, P 5
0.02). However, after adjustment for body fat and age, the
difference between groups became statistically nonsignifi-
cant (F1,268 5 0.39, P 5 0.53) (Table 5). Furthermore,
there was no difference in waist/BMI ratio between groups
with low and high parity, while controlling for percentage
of body fat and age (F1,267 5 0.34, P 5 0.56) (Table 5).
Repeated analyses for women under 50 years of age did
not show statistically significant differences between the
two parity groups (results not shown).

DISCUSSION

Reproduction is costly and in women high parity is often
associated with poor health in older age (Humphries
et al., 2001; Kvåle et al., 1994; Lawlor et al., 2003; Ness
et al., 1993) and even the reduced lifespan (Dribe, 2004;
Gagnon et al., in press; Jasienska et al., 2006; Smith
et al., 2002). In women with good nutritional status, body
mass often increases with the number of produced chil-
dren (Cederlöf and Kaij, 1970; Harris and Ellison, 1997;
Harris et al., 1997a,b; Rodrigues and Da Costa, 2001;
Wolfe et al., 1997). In the studied Polish rural population,
women followed that pattern: body mass and BMI were
positively related to the number of children born by a
woman. The more children the woman had the higher
were her body mass and BMI, although parity explained
only a small fraction of variation in these indices of nutri-
tional status. In affluent populations, where women have
access to sufficient resources, maternal depletion syn-
drome (Winkvist et al., 1992), defined as reduction in body
weight and fat with parity, is not expected to occur.

However, Lassek and Gaulin (2006) showed that afflu-
ent women might pay price for reproduction in a different

way. In women from the United States, high parity was
associated with relatively less fat stored in lower body
parts (as expressed by lower hip/BMI ratio). Lassek and
Gaulin (2006) pointed out that the developing human
brain has high requirements for PUFAs, but mothers
usually do not have enough of these fatty acids in their
diets. That is why during late pregnancy and lactation,
fatty acids for the developing child must come from the
maternal organism. PUFAs are stored mostly in lower
body parts, on hips and thighs (Phinney et al., 1994).
Therefore, covert maternal depletion, which is depletion
of fat from hip and thighs, leading to changes in body
shape, can be expected even in women of good nutritional
status (Lassek and Gaulin, 2006). Decrease in hip and
thigh circumference by 0.5 cm and increase in waist cir-
cumference by the same amount was observed with each
live birth. Researchers suggested that fat stored at lower
parts of the women’s body is protected from mobilization
until pregnancy and lactation. A special function played
by fat stored at lower parts of the body was previously
suggested by a Swedish study in which, during the 6 post-
partum months, women mobilized fat stored on thighs,
but still retained some fat around their waists (Sohlström
and Forsum, 1995). In another study, a reduction in hip
circumference was observed in women who breast-fed
exclusively, but not among formula-feeding mothers and
those who used both formula and breastfeed (Kramer
et al., 1993). This result suggests that breastfeeding
mothers used fat from the lower body for needs of their
newborns. Moreover, in Brazilian women, an increase in
parity was related to having more fat around their
waists, in relation to fat stored in lower body parts
(Rodrigues and Da Costa, 2001). Additionally, women
with gynoid fat distribution reported the lowest number
of birth and women with android fat distribution the
highest (Kirchengast et al., 1999). Lassek and Gaulin
(2006) showed that WHR was associated with parity
after adjusting for age and BMI. This relationship was
reported previously in Hispanic (Ness, 1995), Dutch (Ton-
kelaar et al., 1990) and the US women, where African-
American women demonstrated greater changes in
adiposity than did white women (Smith et al., 1994). Pop-
ulation variation in female body shape may be expected
in relation to environmental conditions (Cashdan, 2008).
In particular, in populations experiencing nutritional
stress, accumulation of fat in abdominal region (higher
WHR) should be more common than in populations
where resources are abundant. In our study, while
women with high parity seemed to have higher WHR
(R2 5 0.11, P < 0.001), this relationship was not longer
statistically significant after adjusting to age and BMI. It

TABLE 5. Comparison between groups of women with low and high paritya

Low parity (�3 children) (N 5 146b) High parity (>3 children) (N 5 129) P for trend

Waist circumference (cm) 87.58c (86.08–89.09) 90.30 (88.87–91.74) 0.13
Waist/BMI ratio 3.25 (3.20–3.31) 3.24 (3.19–3.29) 0.56
Hip circumference (cm) 103.95 (102.61–105.28) 105.99 (104.72–107.27) 0.16
Hip/BMI ratio 3.88 (3.83–3.94) 3.82 (3.76–3.87) 0.53
Waist-to-hip ratio 0.84 (0.83–0.85) 0.85 (0.84–0.86) 0.69

aDifferences between groups were tested by analyses of covariance with age and percentage of body fat as covariates.
bIn hip circumference and hip/BMI ratio analysis N5 147.
cValues given as means with confidence intervals in parentheses.
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seems that women had more fat around their waist due
to aging (Cashdan, 2008) and not to the childbearing.

Our results did not confirm the existence of ‘‘covert
maternal depletion.’’ After controlling for overall body
fatness and age, the differences between low- and high-
parity groups in hip and waist circumferences, WHR,
hip/BMI, and waist/BMI were not statistically signifi-
cant. There are two possible explanations for lack of
‘‘covert maternal depletion.’’ First, it is possible that
women in our study did not experience the ‘‘covert
maternal depletion,’’ because they were not only well
nourished, but also had relatively high-dietary intake of
PUFAs. Fat intake in the average diet of Polish women
is higher than that recommended by WFO/FAO, but it
consists mostly of saturated fatty acids (Dybkowska
et al., 2007). The intake of PUFAs by general popula-
tion of Polish women is, on average, lower than recom-
mended, and it is similar to that in the US diet (Dyb-
kowska et al., 2007). However, women from the studied
rural population had relatively high consumption of
PUFAs, which covered more than 98% of their daily
requirements (Merklinger-Gruchala, Ph.D. thesis, in
preparation). Therefore, it can be hypothesized that
these women did not need to use PUFAs stored in their
bodies, because they had sufficient amounts in their
diets for the needs of developing brains of their babies.

It is also possible that statistical analyses based on ratios
that were proposed to be indicators of ‘‘covert maternal
depletion’’ (Lassek and Gaulin, 2006) have low power to
detect relationships between parity and maternal nutri-
tional status. The ratios are known to have unfavorable sta-
tistical properties (Jasienski and Bazzaz, 1999).

Our population is in many ways different from the US
population, including socioeconomic status, reproductive
characteristics, and physical activity. In addition, we were
not able to compare parous versus nulliparous women, as
in the study by Lassek and Gaulin (2006), due to fact that
in the study group we only had four nulliparous women.
Furthermore, we did not measure thigh circumferences,
and changes in that part of the body may be additional
important indicators of a covert maternal depletion.

In conclusion, our results show that the higher number
of children is associated with slightly higher body mass
and higher BMI later in life. We did not observe the exis-
tence of any form of ‘‘covert maternal depletion’’ in this
well-nourished, rural, traditional population, perhaps due
to the sufficient dietary intake of PUFAs.
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