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The objective of the present study was to determine if any associations between reproductive experience and anthropometric or sub-clini-
cal metabolic alterations of glucose metabolism exist. Sixty-seven women were recruited from the University of Brasilia Hospital and were
evaluated at 12—18 months postpartum. Demographic, socio-economic, physical activity, anthropometric and health history (biochemical,
reproductive) data were obtained. After a 12 h overnight fast, a 2h oral glucose tolerance test was performed. Blood samples were col-
lected at several points: at baseline, after intake of D-glucose solution (750 g/lI; 100 ml) and every 30 min thereafter. Blood glucose and
lipids were measured by enzymic assays. Blood insulin was measured by RIA. In multiple regression analysis four dependent logarithmi-
cally transformed (logt) variables (increased area under the glucose curve (IAUGC), increased area under the insulin curve (IAUIC), insu-
lin peak (IP), homeostasis model of assessment (HOMA)) were adjusted for parity, age, lactation index, BMI, percentage body fat (PBF),
waist circumference, superior skinfold thickness sum:inferior skinfold thickness sum ratio and oral contraceptive use. PBF was positively
associated with logt-IAUIC (P=0-004) and IP (P=0-006). However, the lactation index was negatively associated with logt-IAUIC
(P=0-02). IAUGC and HOMA did not present significant associations. We conclude that during the postnatal period, independent of
parity, body adiposity accumulation is associated with initial alterations in insulin secretion. Furthermore, independent of body adiposity,
breast-feeding has a long-lasting protective effect on insulin response.

Adiposity: Lactation: Glucose metabolism

Excessive body weight is an important health problem that is
increasing in prevalence worldwide (World Health Organiz-
ation, 1997; Khan & Bowman, 1999). In Brazil, overall
prevalence of obesity (BMI = 30-0kg/m?) increased from
57 t0 9:6 % from 1974 to 1989. Lower income women had
the greatest prevalence of obesity (30 %; Monteiro et al.
1995). This trend continued from 1989 to 1997, with a
prevalence of 27 % among north-eastern women and poor
south-eastern women (Monteiro et al. 2000).

According to WHO, pregnancy is a critical period for
weight gain and obesity in women (World Health Organiz-
ation, 1997). Not only does weight gain occur, but the pattern
of body adiposity changes after pregnancy. Positive associ-
ations have been found between parity and waist:hip ratio
(Smith et al. 1994; Ness, 1995; Soltani & Fraser, 2000;
Rodrigues & Da Costa, 2001) and between parity and per-
centage body fat (PBF; Rodrigues & Da Costa, 2001). More-
over, Soltani & Fraser (2000) observed that anthropometric
pattern changes postpartum had greater variability among
pre-gestational obese women (as classified by The Institute
of Medicine, 1990) compared with normal and overweight
(BMI = 25-0kg/m?) women. In addition, pre-pregnancy

obesity may play an important role in weight gain during
the gestational period. Finally, due to biological and psycho-
logical factors that accompany motherhood, changes in diet-
ary behaviour occur. In turn, these dietary changes strongly
influence adiposity retention (Brewer et al. 1989; Piers et al.
1993; Harris et al. 1999; Butte et al. 2001).

Zhong et al. (1990) performed intravenous glucose toler-
ance tests (GTT) during the third gestational period in three
different groups of rats: control virgin group; two pregnan-
cies and no lactation group; two pregnancies plus lactation
group. The two pregnancies and no lactation group had a
greater fasting glucose concentration than the two pregnan-
cies plus lactation group. The sum of total insulin concen-
trations of the two pregnancies and no lactation group
throughout the intravenous GTT was generally greater
than that of the two pregnancies plus lactation group. In
the two pregnancies and no lactation group, a glucose
intolerant state was diagnosed. The two pregnancies and
no lactation group had increased body subcutaneous fat,
but no change in total body weight. In contrast, the two
pregnancies plus lactation group had prolonged body
weight elevation and increased fat pad weight.

Abbreviations: GTT, glucose tolerance test; HOMA, homeostasis model of assessment; HPBF, high percentage body fat; HW, heavy weight; IAUGC,
increased area under the glucose curve; IAUIC, increased area under the insulin curve; IP, insulin peak; ISS, inferior skinfold thickness sum; logt,
log-transformed; NPBF, normal percentage body fat; NW, normal weight; PBF, percentage body fat; SSS, superior skinfold thickness sum.
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In human subjects, physiological insulin resistance,
which may represent an evolutional advantage for
women, has been observed in the last trimester of ges-
tation. A plausible biological explanation could be
increased glucose utilization by placental—fetal tissues
(Catalano et al. 1998; Butte et al. 1999; Sivan et al
1999). Insulin resistance could also increase insulin bio-
availability for mammary tissue. This is consistent with
research on human subjects (Neville ef al. 1991) and rats
(Da Costa & Williamson, 1994) that show that mammary
lipoprotein lipase is also regulated by insulin. However,
there is little known about this physiological insulin resist-
ance period and its long-term effect on metabolism.

Taking into consideration the physiological alterations
that occur during pregnancy and lactation, we hypothesized
that multiparity could be a risk factor for sub-clinical
abnormalities in glucose metabolism. The aim of the present
study was to discover if there are sub-clinical alterations of
glucose metabolism in young adult women and if there are
any associations with parity, adiposity and lactation. To
this end, we developed an observational, prospective and
cross-sectional study using a protocol established in our lab-
oratory (Rodrigues & Da Costa, 2001).

Material and methods
Recruitment

Volunteers were contacted when bringing their infant for
routine examination at an outpatient clinic at the University
of Brasilia Hospital (Brazil). Women who fulfilled the fol-
lowing inclusion factors were selected: 12—18 months
postpartum; 18—42 years of age; one or more complete
gestational cycles. We ensured that the primiparous and
multiparous groups were matched according to the
inclusion criteria. Women were not chosen if any of the
following exclusion factors were present: twin births;
pre-term (<38 weeks) birth in the last gestation; first com-
plete gestational cycle at <18 years of age; use of drugs
that could interfere with glucose or lipid metabolism
(except oral contraceptives); health problems such as dia-
betes mellitus, hypertension, cancer, endocrine dysfunc-
tion, polycystic ovary syndrome, irregular menstrual
cycles; receiving treatment for obesity; broad fluctuations
in food intake. After the study objectives and methods
were explained, volunteers signed an informed consent
term approved by the Faculty of Health Sciences Ethical
Committee of the University of Brasilia.

Demographic and socio-economic data

Identification, hospital registration number, date of birth,
address, telephone number, marital status (single, married,
divorced), ethnicity (predominantly black or white), edu-
cational level (years of complete schooling), profession
and occupational information were obtained. Information
on family income (five levels based on multiples of the
Brazilian minimum wage: 1, 1-2, 3-5, 6—10 and >10)
and on the number of children and adults living in the
household was also collected.

We classified women into low or high socio-economic
status. Women were considered to be of low socio-economic

status if they fulfilled at least two of the following criteria:
absent or incomplete secondary education; income less
than ten times the Brazilian minimum wage; no refrigerator
and/or freezer. High socio-economic women fulfilled at
least two of the following criteria: completed secondary edu-
cation; income more than ten times the minimum Brazilian
wage; possession of refrigerator and/or freezer.

Health and reproductive data

A questionnaire that had previously been established in our
laboratory was used (Rodrigues & Da Costa, 2001). In
addition, two questions were added to gather information
on: (1) time of exclusive breast-feeding (human milk
only, with no intake of water and/or teas); (2) any notice-
able change in body weight or shape after pregnancy.
Women who experienced only one gestational cycle were
classified as primiparous and those who presented two or
more were classified as multiparous. Information on cur-
rent use of medication, oral contraceptive and cigarette
smoking was collected. Physical activity was classified
into four levels based on exercise and occupational activi-
ties: (1) sedentary; (2) <4h regular physical exercise per
week; (3) >4h regular physical exercise per week; (4)
heavy physical activity and/or participation in competitive
Sports.

Anthropometry

The methods for anthropometric measurements have been
described in detail by Rodrigues & Da Costa (2001).
Briefly, body weight and height were measured in all
women. PBF was estimated by using Siri’s equation
(1961). The equations of Durnin & Womersley (1974)
were used to estimate body density. Skinfold thickness
measurements were performed on the right side of the
body at the following sites: triceps, subscapular, suprailiac,
thigh. Two measurements were taken to the nearest 0-2 mm
using a Harpender calliper (CMS Weighing Equipment,
London, UK) and the average of the readings recorded.
A third reading was taken if a difference of >1-0mm
was obtained. In this case, the average of the two closest
readings was recorded. In the present study, only one
author (T. H. M. C.) was responsible for these measure-
ments. Pre-pregnant weight information as recalled by
the volunteers was also recorded. Using a method adapted
from Ness (1995), we calculated superior skinfold thick-
ness sum (triciptal + subscapular; SSS):inferior skinfold
thickness sum (suprailiac 4 thigh; ISS) ratio.

Oral glucose tolerance test

An oral GTT was carried out during the follicular phase
of the menstrual cycle (between days 14 and 16). After a
10—12h overnight fast, blood pressure was taken and an
antecubital vain was punctured and kept patent with
heparin solution (Liquemine®; Produtos Roche Quinicos
e Farmacéuticos S.A., Rio de Janeiro, Brazil; 1:10 dilution
in NaCl solution (9 g/1)). Blood samples were collected at
baseline (Omin). The subjects then consumed 100ml
D-glucose (750 g/1; Dextrosol®; Refinagées de milho
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LTDA, Pouso Alegre MG, Brazil). Ingestion of the glucose
solution was monitored so that it took 5—10min. Water
was then added to the cup that contained the sugar solution
and this diluted mixture was ingested by the women. This
was repeated to ensure that the all of the glucose was con-
sumed. Blood was then collected every 30 min for the next
2 h. Blood samples were collected in vacuum tubes (Vacu-
tainer™; Becton Dickinson and Company, Franklin Lakes
NJ, USA) for serum and in heparinized vacuum tubes
(Vacutainer®) for plasma. Samples were kept on ice
before centrifugation (Clay Adams®-0101, DYNAC,
EUA; 3500 rpm for 5min). Serum and plasma were har-
vested and stored at — 18 °C until analysis.

Laboratory analyses

Glucose (0, 30, 60, 90 and 120 min), fasting total choles-
terol and triacylglycerol concentration determinations
were conducted on plasma. Fasting HDL-cholesterol was
measured in serum. All measurements were done using
enzymic methods according to the manufacturer’s
recommendations (Labtest®; Labtest Diagnostica S.A.,
Belo Horizonte, Brazil). Serum insulin concentrations (0,
30, 60, 90, and 120min) were determined by RIA
(DPC®, Diagnostic Products Corporation, Los Angeles,
CA, USA; 24 h incubation period).

For estimates of VLDL-cholesterol, the equation
VLDL-cholesterol = triacylglycerol/5 was used. For LDL-
cholesterol, the equation LDL-cholesterol = total choles-
terol — (HDL-cholesterol + VLDL-cholesterol) was used
(Friedewald et al. 1972). The CV obtained during biochemi-
cal analyses were 3—10 %, all within the manufacturers’
acceptable ranges.

Calculations

The lactation index was calculated by the method of Rodri-
gues & Da Costa (2001). In brief, a scoring system was
used in which points were assigned based on the number
of months of breast-feeding per child: <1 month, 0
points; 1-5 months, 2 points per month; 6 months, 3
points per month; 7—9 months, 4 points per month; 9—11
months, 5 points per month; =12 months, 6 points per
month. A range of 0-72 points could be obtained by
each mother per child. This lactation index accounts for
the establishment and maintenance of the physiological
process of lactation over time. The mean lactation index
was calculated by dividing the total number of points by
the number of children. Sixty percent of the women were
still breast-feeding (forty of sixty-seven) at the time of
sample collection. When classified by PBF, the proportion
of breast-feeding women was similar (for PBF <25 eleven
out of eighteen (61 %), for PBF =25 twenty-nine out of
forty-nine (59 %); P=0-88).

Increased areas under the curve for glucose (IAUGC)
and insulin (IAUIC) were calculated by subtracting basal
area under the curve from total area under the curve for
each variable. To calculate total area under the curve, the
formula for calculating the area of trapezoids was used
(Matthews et al. 1990). For basal area under the curve,
the formula for calculating the area of rectangles was
used (basal value X 120 min).

Glucose peak and insulin peak (IP) were defined as the
highest concentrations during the oral GTT. Insulin sensi-
tivity was measured by the homeostasis model of assess-
ment (HOMA) as described by Matthews et al. (1985) by
taking the product of fasting plasma glucose and fasting
insulin and dividing it by 22.5. It was assumed that
normal young subjects have an insulin resistance of 1
(Kirwan et al. 2001).

Statistical analyses

Data from excluded and included volunteers were com-
pared by Student’s ¢ test to verify the absence of systematic
exclusion. Comparisons between mean values (with stan-
dard deviations) for primiparous and multiparous women
were done by Student’s 7 test or CI (95%). The x> test
was used to compare categorical variables. Control of
type 1 error resulting from multiple comparisons was
obtained by dividing the o level by the number of compari-
sons (Dawson-Saunders & Trapp, 1994). The level of sig-
nificance used was 5 %.

Multivariable analysis (using SAS version 6.0 for
Windows 98; SAS Institute Inc., Cary, NC, USA) was
also performed. Multiple regression analysis was used
for continuous variables such as: log-transformed (logt)
TAUGC, TAUIC, IP and HOMA index (response variables).
The models were adjusted by parity, age, lactation index,
PBF, actual BMI, waist circumference, SSS:ISS ratio and
oral contraceptive use (explanatory variables). Because
response variables presented right asymmetric normal dis-
tributions, we used their logt values in multiple regression
analysis.

Dietary data were obtained from 24 h recall and food-fre-
quency questionnaires, but they were not included in
multivariable analysis. This is because food intake was
under-reported more often by obese women than by lean
women. The prevalence of under-reporting in the 24h
recall questionnaire was measured as food intake level
(Goldberg et al. 1991). Prevalence of food intake level
<1.2 was 34 % for lean women v. 95 % for overweight
women (P<<0-0001).

A multi-collinear relationship between waist:hip ratio
and waist circumference was observed. Thus, waist:hip
ratio was not included in any multivariable analysis. Pre-
pregnant BMI was not included in multivariable analysis
due to the fact that 22-4 % of this data was incomplete.

Results

Eleven women were excluded out of seventy-eight, result-
ing in a 14 % loss. Reasons for exclusion were diagnosis of
diabetes after the oral GTT, start of dietary treatment for
obesity just before analysis, clinical symptoms during the
oral GTT such as vomiting, and inadequate handling of
samples. There were no statistical differences between
the excluded group and the study groups, indicating that
the exclusions were not systematic (results not shown).
Study groups were composed of equal percentages of
ethnicities (50 % predominantly black and 50 % predomi-
nantly white). Most women were in the lower socio-econ-
omic level (75%), lived in satellite cities outside of
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Brasilia (89 %), and were married (89 %), sedentary (89 %)
and non-smokers (88 %).

Primiparous v. multiparous

Demographic, socio-economic, health history, reproductive
history, physical activity, dietary, anthropometric and clini-
cal data from primiparous and multiparous subjects were
compared (Table 1). There were no differences between
these two groups.

Anthropometric and biochemical results

Anthropometric results are presented in Table 1. Primipar-
ous and multiparous women had normal BMI levels
according to the World Health Organization (1997) classi-
fication. They were 22-6 (95% CI 20-8, 24-4) and 24-2
(95% CI 225, 25.9) kg/m® respectively. PBF levels
observed were 27-3 (95 % CI 24-3, 30-4) for primiparous
and 29-9 (95 % CI 27-6, 32-2) for multiparous women.
Due to the characteristics of the present study, a small
sample of volunteers was examined. Variables that did
not show any statistical difference between primiparous
and multiparous groups, such as physical activity level,
socio-economic status and smoking, were excluded from
regression model analysis (Table 1). However, oral contra-
ceptive usage was included because of its association with
decreased glucose tolerance, a potential confounder of the
analysis. Oral contraceptive use in primiparous women was
47 % (n 14) and among multiparous women 41 % (n 15).

Table 2 presents multiple regression analysis data. The
model included four dependent logt variables: TAUGC,
HOMA, TAUIC and IP. IAUGC and HOMA had non-sig-
nificant model F values of 1.-52 (P=0-17) and 1-48
(P=0-18) respectively. As a consequence, none of the
independent variables tested showed any significant associ-
ations. Parity was not associated with insulin responses
(logt-TAUIC P=0-35; logt-IP P=0-60) during the oral
GTT. However, lactation was inversely related to total
insulin response (lactation index and logt-IAUIC F
—2:51, P=0-02) and also to IP (lactation index and logt-
IP F — 170, P=0-09). This indicates that women who
have breast-fed for long periods tend to be more sensitive
to insulin and therefore need less insulin to dispose of
orally consumed glucose. PBF was the only anthropometric
variable that showed a positive association with insulin
response (logt-TAUIC F 3-054, P=0-004; IP F 2-87,
P=0-000).

After determination of PBF as the best predictor of insu-
lin response and lactation index as a protective factor, the
study group was divided into four groups according to PBF
(<25 and =25) and lactation index (<50 and =50). The
mean value of lactation index for the total group was
selected as the cut-off point. IAUGC, TAUIC, and glucose
and insulin curves during the time period of the oral GTT
for these four groups are presented in Fig. 1.

The glucose curves of all four groups are in the range
considered ‘normal’ by the World Health Organization
(1999). Insulin was positively associated with PBF
and negatively associated with lactation index. Glucose

Table 1. Demographic, socio-economic, health and reproductive history, physical activity, dietary, anthropometric and

clinical data from primiparous and multiparous women*t

Primiparous
(n 30; 45%)

Multiparous
(n37; 55 %)

Statistical significance of

n % n % df effect (x“ test): P
Socio-economic status
High 9 30 8 22 1 0-43
Low 21 70 29 78
Ethnicity
Predominantly black 11 39 21 58 1 0-13
Predominantly white 17 61 15 42
Marital status
Single 2 7 3 8 2 0-95
Married 27 90 32 89
Divorced or widow 1 3 1 3
Physical activity
Sedentary (<4 h per week) 25 93 35 100 1 0-10
Active (=4 h per week) 2 7 0 0
Smoking
Non smoker 25 83 34 92 1 0-28
Smoker 5 17 3 8
Age at first pregnancy (years)f 24.7 226, 26-8 231 20-8, 25-4
Actual age (years)t 25.8 23.7,27-8 299 27.5,32:5
Lactation indext 55.9 42.0, 69-9 47.2 37.2,57.2
Actual BMI (kg/m?)t 226 20-8, 244 24.2 22.5,25.9
Body fat (%)% 273 24.3, 30-4 299 27-6, 322
Waist circumference (cm)t 75-6 71.2, 80-0 779 74.0, 81-8
Waist:hip ratiof 0-79 0-77, 0-82 0-80 0-77, 0-83
SSS:ISSt 0-92 0-81, 1-02 0-92 0-84, 1-01

SSS, superior skinfold thickness sum; ISS, inferior skinfold thickness sum.

* For details of subject selection and procedures, see pp. 906—907.

1 Information on ethnicity, marital status, physical activity and SSS:ISS in some women could not be completed.

1 Mean values and 95 % CI.
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Table 2. Multiple regression analysis for log-transformed (logt)
increased area under the insulin curve (logt-IAUIC) and insulin peak
(logt-1P)*

Logt-IAUIC Logt-IP

F P F P
Model 373 0-002 3-26 0-004

t P t P
Parity —0-94 0-35 —0-52 0-60
Age (years) 0-43 0-67 -0-37 0-71
Lactation indext —2-51 0-02 -1.70 0-09
Body fat (%) 3-05 0-004 2.87 0-006
Waist circumference (cm) —-0-59 0-56 —-0-54 0-59
SSS:ISS 1.21 0-23 1-38 0-17
BMI (kg/m?) -0-41 0-68 -0-34 0-73
Oral contraceptive use 1.42 0-16 1-61 0-11
R? 0-35 0-32

SSS, superior skinfold thickness sum; ISS, inferior skinfold thickness sum.

*For details of subjects and procedures, see Table 1 and pp. 906—-907.

1 Insulin response explanatory variables during the 75g oral glucose toler-
ance test.

concentrations did not show any difference according to
PBF (IAUCG P=0-17). However, individuals with high
lactation indexes need less insulin than subjects with low
lactation indexes (Fig. 1).

In addition, the groups were divided according to PBF
(<25 and =25) and BMI (<25 and =25kg/m”) as fol-
lows: normal weight and normal PBF (NW-NPBF);
normal weight and high PBF (NW-HPBF); high weight
and high PBF (HW-HPBF). No women had high weight

9r(A)

Glycaemia (mmol/l)
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and low PBF. Table 3 presents data on these three
groups. Note that the percentage of subjects classified as
NW-HPBEF is relatively high (43 % of study group). The
most significant result presented in Table 3 is that although
NW-HPBF women did not differ in glucose load (IAUGC),
they had similar insulin responses (IAUIC) to those of the
HW-HPBF group. This indicates that they possessed initial
insulin resistance. According to the World Health Organiz-
ation (1997), NW-HPBF women have normal anthropo-
metric values such as BMI, waist circumference and
waist:hip ratio.

Discussion

For the first time, a long-term (12—18 months) protective
effect of breast-feeding has been shown to be associated
with variables of insulin secretion in response to a glucose
load. In the literature, few studies have shown any indication
that breast-feeding contributes to women’s glucose meta-
bolic status. Tigas et al. (2002) evaluated the kinetic regu-
lation of glucose in women. Fed and fasted states in normal
lactating women who were between 6 weeks and 3 months
postpartum were compared with a control group of non-lac-
tating, age-matched women. Insulin concentration, which is
a known marker for increased insulin sensitivity, was lower
in lactating women compared with control subjects
(Duncan et al. 2001). During lactation, the rate of glucose
production to meet the high demands of the mammary
gland was met by increased glycogenolysis. McManus
et al. (2001) evaluated the (3-cell function of lactating and
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Fig. 1. Glucose and insulin curves with their respective increased areas under the curve during a 759 oral glucose tolerance test. IAUGC,
increased area under the glucose curve; IAUIC, increased area under the insulin curve. (A), (B): - - -0O- - -, low percentage body fat (LPBF)-
low lactation index (LLI) (n 5); —B—, LPBF-high lactation index (HLI) (n 13); - - -O- - -, high percentage body fat (HPBF)-LLI (n 22); —@—,
HPBF-HLI (n 27). (C), (D): M, low percentage body fat (LPBF)-LLI (n 5); B, LPBF-HLI (n 13); O, HPBF-LLI (n 22); B, HPBF-HLI (n 27). Values
are means with standard deviations shown by vertical bars. For details of subjects and procedures, see Table 1 and pp. 906—907.
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Table 3. Demographic data, clinical data, lactation indices, anthropometric characteristics and metabolic profiles of groups classified according

to percentage body fat and BMI*

NW-NPBF (n 18; 27 %)t

NW-HPBF (n 29; 43 %)% HW-HPBF (n 20; 30 %)§

Variables Mean Cl Mean Cl Mean Cl

Age (years) 25.4 22.2,28.7 287 26.0, 31-3 29.7 26.1, 33:2
Lactation index 56-1 36-8, 73-4 50-5 37-8, 63-3 475 31.0, 639
Systolic pressure (mmHg) 103:5 97-4,109-6 108-1 102-5, 1137 111.5 1055, 1175
Diastolic pressure (mmHg) 68-5 63-3, 73-8 734 70-4,77-2 76-9 71-0, 82-8
BMI (kg/m?) 198 184, 21-2 226 21.6,23:5 28-1 26-8, 29-5
Body fat (%) 21.0 192, 22.8 295 28-4, 30-7 34.6 33-1, 36-0
Waist circumference (cm) 68-6 64.9, 72-4 75-2 731,774 86-7 82.5, 90-9
Waist:hip ratio 0-77 0-74, 0-80 0-79 0-77, 0-81 0-84 0-79, 0-89
SSS:ISS 0-84 0-68, 0-99 0-91 0-82, 1-00 1.01 0-89, 1-13
Glycaemia at t, (mmol/l) 4.51 4.14, 4-89 4.43 4.13, 4-74 4-60 4.28, 4-82
Glycaemia at t;59 (mmol/l) 4.94 4.18, 5-69 5.52 4.90, 6-14 6-40 5.26, 7-51
IAUGC (mmol/l - min) 126-5 66-1, 186-8 216-5 153.3, 279-7 267-1 182.6, 351.7
Insulinaemia at t, (mIU/1) 4.5 23,68 6-0 4.2,77 10-2 39, 16-5
Insulinaemia at t59 (MIU/I) 254 15.8, 349 43-6 28-2, 581 740 20-0, 1277
IP (mlIU/) 54.7 30.0, 79-5 96-1 639, 1283 96-8 70-8, 1228
IAUIC (mIU/I - min) 3309 1986, 4632 6842 5014, 8670 6962 5060, 8863
HOMA index 16-3 7-9, 24.8 21.0 14.8, 27-3 371 12.8, 614
Triacylglycerol (mmol/l) 0-78 0-23, 1-33 0-89 0-67, 1-10 1.08 0-78, 1-39
Total cholesterol (mmol/l) 3-59 2.-89, 4-30 3-84 3-42, 4-26 4-31 379, 4-82
HDL-cholesterol (mmol/l) 1.14 0-89, 1-38 0-95 0-78, 1-11 0-92 0-72,1-12
LDL-cholesterol (mmol/l) 2-30 1.62, 2-99 2.62 2.22, 3-01 317 266, 3-69
VLDL-cholesterol (mmol/l) 0-16 0-05, 0-27 0-18 0-13, 0-22 0-22 0-16, 0-28

NW, normal weight; NPBF, normal percentage body fat; HPBF, high percentage body fat; HW, high weight; SSS, superior skinfold thickness sum; ISS, inferior
skinfold thickness sum; IAUGC, increased area under the glucose curve; IP, insulin peak; IAUIC, increased area under the insulin curve; HOMA, homeostasis

model assessment.
* For details of subjects and procedures, see Table 1 and pp. 906—-907.
1 BMI <25 kg/m? and body fat <25 %.
+BMI <25kg/m? and body fat =25 %.
§ BMI =25 kg/m? and body fat =25 %.

non-lactating women who had been diagnosed with
gestational diabetes mellitus during pregnancy. Lactating
women had a significantly higher glucose disposition index
(insulin sensitivity X acute insulin response to glucose)
compared with non-lactating women. The authors suggested
that improved pancreatic -cell function can occur while
breast-feeding. We evaluated HOMA as a measure of insulin
sensitivity and there was no indication of any significant
change in our multiple regression model. The lack of
association of HOMA with lactation index may reflect the
limitations of HOMA in detecting changes in peripheral
insulin sensitivity (Kirwan et al. 2001). In this way,
HOMA does not accurately reflect breast-feeding-induced
changes in insulin sensitivity. Similar situations have been
described in athletes (Duncan et al. 2001).

Adaptations in glucose metabolism during the reproduc-
tive cycle in women have been described. Multiparity has
been shown not to be associated with glucose and insulin
indexes. However, controls for lactation and its effects
were not included (Alderman ef al. 1993). Catalano et al.
(1998) evaluated changes in maternal fat mass and basal
O, consumption. They were inversely related to changes
in insulin sensitivity. Catalano et al. (1998) hypothesized
that decreased insulin sensitivity before parturition in
lean women is an advantage to survival, since this results
in large amounts of available substrate that could be used
to meet feto—placental needs during gestation. Insulin
resistance as it relates to glucose metabolism results in
decreased glucose uptake in peripheral tissues and an
inability to suppress endogenous glucose production and

lipolysis. The idea that development of insulin resistance
during late pregnancy is a physiological adaptation to
special mother—fetus requirements was stressed by Sivan
et al. (1999) and Butte er al. (1999). In the third semester
of gestation, Sivan et al. (1999) showed a decreased inhi-
bition of lipolysis during euglycaemic—hyperinsulinaemic
clamping, although fat oxidation remained uninhibited.
This physiological adaptation may result in net tissue
accretion. It has been demonstrated in experimental ani-
mals after parturition that there is a change from a state
of overall insulin resistance to insulin sensitivity. Low
insulin levels lead to a state of fat mobilization and a redir-
ection of substrates to the mammary gland (Williamson,
1980; Marynissen et al. 1983; Madon et al. 1990). Zhong
et al. (1990) observed that overall insulin response to an
intravenous glucose tolerance test in lactating rats was
greater than in non-lactating rats, despite a prolonged
(three pregnancy—lactation cycles) body weight and adi-
posity retention in lactating animals. The results obtained
by Zhong et al. (1990) are in agreement with our obser-
vation of a protective long-term effect of lactation on insu-
lin response. In women 6 months postpartum, Butte et al.
(1999) verified that there was a higher mean 24 h respirat-
ory quotient and higher rate of carbohydrate utilization in
the lactation group than in the non-lactation group. The
lactating women studied by Butte et al. (1999) had lower
levels of insulin compared with a non-lactating group at
3 and 6 months postpartum. These results are consistent
with the idea of preferential use of glucose by the
mammary gland. In fact, insulin has well known roles in
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mammary gland function: it stimulates glucose and lipo-
genesis (Williamson, 1990; Neubauer et al. 1993) and con-
trols mammary gland lipoprotein lipase (Neville et al.
1991; Da Costa & Williamson, 1994; Ramos et al. 1999).

Another significant finding in the present study is that
PBF is an independent predictor of insulin response in
the 75 g oral GTT during the postnatal period (Table 2).
The results presented in Table 3 show that that if PBF is
high, low BMI, waist:hip ratio and/or waist circumference
do not necessarily lead to a low incidence of metabolic
alterations, as evidenced by the higher levels of insulin
throughout the oral GTT. These results concur with those
of Cnop et al. (2002), who found a positive relationship
between intra-abdominal fat and insulin resistance among
lean (normal BMI and waist:hip ratio) as well as obese
women with an insulin-resistant state. Dvorak et al.
(1999) found that 18 % of the women with normal BMI
values had obese metabolic profiles.

This present study is cross-sectional in design, but we
used methodological alternatives (Dawson-Saunders &
Trapp, 1994) to avoid the influence of confounding vari-
ables. In the recruitment phase, women were matched for
parity and age range. Pertinent adjustments were made
during statistical analysis. Our group of parous women
had similar average ages (primiparous 25-8 (95% CI
23.7, 27-8) years; multiparous 29-9 (95 % CI 27-5, 32.5)
years) to those obtained by Coitinho et al. (2001) in
which a representative sample of Brazilian women was
assessed (24-4, 28-3 and 32-0 years for women with one,
two and three children respectively). The mean number
of children per woman in the present study (1-76 (95 %
CI 1-53, 1-99)) is lower than that in Brazil (2-21) and in
satellite cities of Brasilia (2-12; Instituto Brasileiro de
Geografia e Estatistica, 1999). This difference can be
explained by the high number of primiparous women
included in the present study (45 %) due to the selection
methods used. In Brazil, the frequency of primiparous
women is 34 %. We are aware that despite the methodo-
logical alternatives used, the major disadvantage of a
cross-sectional study remains lack of control of temporal
sequence of events. To control confounded variables and
to guarantee internal validity, women were recruited with
specific characteristics that may not be representative of
female patients of the University of Brasilia Hospital. For
these reasons, the results presented in the present study
should be extrapolated with caution.

In our previous study (Rodrigues & Da Costa, 2001), we
reinforced the idea that physiological changes during preg-
nancy and lactation periods are associated with long-term
retention of adiposity. Reproduction can be a vulnerable
period for future development of obesity (Williamson
et al. 1994; Harris et al. 1997; Wolfe et al. 1997). More-
over, much like the physiological, psychosocial and social
changes that accompany motherhood, energy metabolism
may be changed by control mechanisms involved in
energy expenditure and/or food intake (Harris & Ellison,
1997, Harris et al. 1999).

Excessive adiposity retention should be avoided to
prevent metabolic abnormalities. Obese women are at great
risk of precociously developing chronic diseases. Anthropo-
metric measurements of women during their reproductive

cycle should include a PBF evaluation. Food intake and
selection are important factors in adiposity accretion. For
this reason, nutritional counselling should occur during preg-
nancy and lactation periods. Moreover, lactation stimuli do
not appear to be sufficient to induce an overall mobilization
of body adiposity in urban women. Nevertheless, as indicated
by the present study, independent of body adiposity, lactation
can act as a long-term protector that improves hormonal con-
trol of insulin—glucose homeostasis. Lactation results in a
more sensitive insulin state. This could be adventitious as
protection against type 2 diabetes, hyperlipidaemia and
hypertension. Further research is needed to explain the mech-
anisms involved in the association between breast-feeding
and insulin sensitivity.
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