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Abstract Aims/hypothesis: We sought to determine the
risk of diabetes and IGT/IFG with grand multiparity.
Subjects, materials and methods: Women, aged ≥25 years,
from the Australian Diabetes, Obesity and Lifestyle Study
and the Crossroads Undiagnosed Disease Study (a rural
study in Victoria, Australia), participated in a household
census (response 67 and 70%, respectively), subsequently
attending a biomedical examination that included an oral
glucose tolerance test (58% [6198] and 69% [819]).
Results: After adjusting for age, obesity and socio-economic
status, diabetes, but not IGT/IFG, was less common among
women with a parity of 1 to 2 (odds ratio [OR]=0.64 [0.48–
0.84]) and 3 to 4 (OR=0.72 [0.53–0.96]) than in grand
multiparous women. This relationship was unrelated to past
hysterectomy, use of the oral contraceptive pill or meno-
pausal status. Conclusions/interpretation: Grand multipar-
ity is associated with an increased risk of diabetes but not of
IGT/IFG. We postulate that parity accelerates transition from
IGT/IFG to diabetes, more than it does transition from
normal glucose tolerance to IGT/IFG.

Keywords Diabetes . Hysterectomy . Menopause . Oral
contraceptive pill . Parity

Abbreviations AusDiab: Australian Diabetes, Obesity
and Lifestyle Study . CUDS: Crossroads Undiagnosed
Disease Study . FPG: fasting plasma glucose . GDM:
gestational diabetes . PG: plasma glucose .
OR: odds ratio

Introduction

The relationship between parity and risk of diabetes
remains unclear. After adjusting for obesity and age,
some studies show increased risk of diabetes with increas-
ing parity [1–3] and others show no relationship [4–8]. At
least four studies have shown an increased risk of diabetes
with nulliparity [3, 8–10], perhaps explaining why some
studies have not shown a linear relationship. The relation-
ship between risk of diabetes and parity may also vary with
age, with one study showing more diabetes with grand
multiparity among younger but not among older
(>65 years) women [3]; this may suggest that increased
parity promotes earlier development of diabetes rather than
increasing lifetime diabetes risk. Few studies have
discussed the relationship between parity and either IGT
or IFG, and those that did either found [2] or did not find a
relationship [5, 7].

While most studies have adjusted for both age and
weight, another potential confounder has been whether
diabetes has been diagnosed or not [6]: the inclusion of
undiagnosed diabetes prevents bias from the greater
number of possible occasions when diabetes screening
has occurred. Other potential confounders relate to the
duration of fertility through either menopause (naturally or
surgically) or the use of the oral contraceptive pill. The
latter may have its own independent effect on the risk of
diabetes with both increased [11, 12] and reduced risk [13]
having been reported.

We have now sought to determine whether diabetes and/
or IGT/IFG are independently related to grand multiparity
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(i.e. ≥5 pregnancies lasting at least 6 months), after
adjusting for potential confounders, in a large cohort of
women who participated in either of two Australian
population-based studies, the Australian Diabetes, Obesity
and Lifestyle Study (AusDiab) [14, 15], and the Crossroads
Undiagnosed Disease Study (CUDS) [16].

Subjects, materials and methods

Study designs

AusDiab used a stratified cluster sampling from 42
randomly selected Census Collector Districts across
Australia between May 1999 and December 2000 as
described elsewhere [15]. In AusDiab, districts containing
fewer than 100 people aged ≥25 years, those classified
100% rural, and those in which 10% or more of the
population were Aboriginal or Torres Straits Islanders were
excluded from the sample frame available for selection.
CUDS involved randomly selected households across six
small rural towns and from the regional centre in the
Goulburn-Murray region in rural Victoria between June
2001 and March 2003 [17]. In CUDS, households were
randomly selected for inclusion from residential address
lists from local Shire Offices, stratified so that half were
from the regional centre and one-twelfth from each of the
six smaller towns. AusDiab and CUDS invited all usual
residents within each selected household who were aged
≥25 years to participate in a biomedical examination at a
local survey centre. Both studies involved an initial census,
during which information was collected and attendance at
the biomedical examination negotiated. Identical ques-
tionnaires were used in each study, several of the staff
worked on both studies, and the same laboratory was used
for analysing samples. Householders not available at the
initial interview were approached up to five times in
AusDiab, and until contact was made (sometimes over ten
times) in CUDS. Response rates to the initial census were
67% in AusDiab and 70% in CUDS. Of the women
identified in the household surveys as being eligible, 58%
(n=6198) and 69% (n=819), respectively, attended the
biomedical examination.

Survey procedures

Subjects attended fasting between 07.00 and 10.00 h. If
fasting was reported to be <8 h, another appointment was
made. Those treated with hypoglycaemic agents were
requested not to take their medication on the day of the
examination. An OGTT was undertaken, following World
Health Organization guidelines, on all participants except
those taking pharmacological hypoglycaemic medication
and those who were pregnant [17]. Blood was collected
into fluoride/oxalate tubes immediately before and 2 h after
consumption (over <5 min) of a 300-ml beverage contain-
ing 75 g glucose. Specimens were centrifuged, the plasma
immediately separated and the glucose concentration

measured using the glucose oxidase method and an
automated analyser (AU600; Olympus Optical, Tokyo,
Japan). Among subjects without known diabetes, those
with fasting plasma glucose (FPG) of ≥7.0 mmol/l and/or
2-hour glucose (2-h PG) of ≥11.1 mmol/l were classified as
having newly diagnosed diabetes mellitus; those with an
FPG of <7.0 mmol/l and 2-h PG of 7.8–11.0 mmol/l were
classified as having IGT; and those with an FPG of 6.1–
6.9 mmol/l and 2-h PG of <7.8 mmol/l were classified as
having IFG.

The same questions regarding women’s health were
asked in both AusDiab and CUDS. These questions
included: (1) Have you ever taken the oral contraceptive
pill? (2) Have you had a hysterectomy; that is, an operation
to remove the uterus? (3) Were the ovaries removed as
well? And (4) How many pregnancies have you had that
lasted at least 6 months (24 weeks)? Questions concerning
the menopause were preceded by the statement: ‘The next
few questions are about menopause, or what some women
refer to as the “change of life”. Menopause is when periods
have stopped for more than 6 months, and is often
accompanied by symptoms such as hot flushes, irritability
and palpitations.’ The first question on the menopause was:
have you gone through or are you now going through
menopause? A number of older women answered ‘no’ or
‘not sure’ and hence women were considered menopausal
or post-menopausal if they answered ‘yes’ directly, if they
had had a hysterectomy and bilateral oophorectomy, or if
they were aged over 55 years. Information given was not
confirmed against medical records. Age at onset of
menopause was taken as the self-reported age at which
symptoms commenced. Socioeconomic status was as-
sessed by the highest level of education received.

Height was measured to the nearest 0.5 cm without shoes
using a stadiometer. Weight was measured to the nearest
0.1 kg using a mechanical beam balance after removal
of shoes and excess clothing. BMI was calculated in
kilogram per square metre and overweight defined as
25.0–29.9 kg/m2 and obesity as ≥30.0 kg/m2 [18]. These
measurements were carried out according to the same
protocols and equipment in both CUDS and AusDiab.

Statistical analysis

Data were analysed using SPSS 11.5 (SPSS, Chicago, IL,
USA) and STATA 8.1 (Stata, College Station, TX, USA).
Results shown are mean±standard deviation, median
(range) or frequencies (percentages). Statistical signifi-
cance was taken at the 5% level and all tests are two-tailed.
Discrete variables were compared using chi-squared test
and continuous variables using analysis of variance. Parity
has been grouped into para 0, para 1–2, para 3–4 and para
5+ based upon, and to allow comparison with our previous
work [3]. Comparisons have been adjusted for age and
BMI as continuous variables, and socio-economic status
(post-secondary school qualification or not) by logistic
regression and odds ratios (ORs) (95% CIs shown).
Adjustment for obesity was undertaken to ensure that any
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increase in diabetes risk with parity that was detected was
not due to its relationship with both diabetes and parity. In
view of the extent of association between age, BMI and
parity, the logistic regression was also undertaken using
age and BMI as categorical variables with similar findings.
A case–control analysis was undertaken group-matching
randomly selected para 1–2 women and para 3–4 women
by 5-year age group (twelve groups up to 80+ years) and
BMI (eight groups of 2 kg/m2 from <21 to 33+ kg/m2) with
para 5+, i.e. grand multiparous women, thereby creating
three groups of identical size, BMI and age.

Adjustment for geographical clustering (defined as any
of the areas in AusDiab or CUDS) was made using STATA.
All the logistic regression analyses have been adjusted for
clustering. Ethnicity was not readily collectable (besides
Aboriginal and Torres Straits Islands participants, n=90),
but 371 subjects (5.3%) were not of European Australian
descent. The studies were approved by the relevant ethics
committees and signed individual consent was obtained.

Results

Figure 1 shows the numbers of participants by hysterec-
tomy and menopausal status. Overall, 3,863 women were
considered menopausal/postmenopausal and 2,919 women

were considered premenopausal. The median (interquartile
range) age at which menopausal symptoms com-
menced (among the 90.2% who reported an age) was 48
(44–50) years. Table 1 shows the crude mean age and BMI
by history of hysterectomy, oral contraceptive pill use,
parity, and menopausal status. Figure 2 shows the preva-
lence of diabetes (known and previously undiagnosed
combined) by age and parity. Table 2 shows that after
adjusting for age, obesity and socio-economic status, a
history of hysterectomy was unrelated to glucose intoler-
ance. Grand multiparous women were significantly more
likely to have diabetes than women with a parity of either 1
to 2 or 3 to 4 and non-significantly more likely to have
diabetes than nulliparous women. No significant difference
between women with known and undiagnosed diabetes was
found. The risk of IGT/IFG was not related to parity. The
risk of any abnormal glucose tolerance was marginally
higher among grand multiparous women. Repeating the
analyses using the case–control approach gave a prevalence
of diabetes by parity of 13.0% (para 1–2), 10.8% (para 3–4)
and 16.6% (para 5+) (p=0.018). Using this approach, grand
multiparous women were 1.47 (1.10–1.96) times as likely
to have diabetes than para 1–4 women. Prevalence of
IGT/IFG was comparable and overall dysglycaemia non-
significantly higher (OR 1.22 [0.99–1.51]) among para 5+
women.

Women participants 

7,017 

 

Women with complete information 

and reporting menopausal status 

6,782 

Past hysterectomy 

1,456 
 

Not sure of 
menopausal status 
and age <55 years 
or incomplete data 

 
235 

No past hysterectomy 

5,326 
 

Past hysterectomy and 

bilateral oophorectomy 

433 

Past hysterectomy1 

and  menopausal 

(153) or 

postmenopausal (509)

Past hysterectomy1 

and age 55 years 

 (considered 

postmenopausal) 143 

Past hysterectomy1

and premenopausal

218 

No past hysterectomy 

and menopausal (744) 

or postmenopausal 

(1,843) 

No past hysterectomy 

and premenopausal

2,701 

No past hysterectomy 

and age 55 years 

(considered 

postmenopausal) 38 

> >

Fig. 1 Hysterectomy and
menopausal status of women.
1Hysterectomy without known
bilateral oophorectomy
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Being peri-menopausal was associated with an increased
risk of having IGT/IFG, but not of having diabetes or any
abnormal glucose tolerance. Age at onset of menopause
was not associated with the risk of abnormal glucose
tolerance. Use of the oral contraceptive pill was associated
with a lower risk of any abnormal glucose tolerance
overall. However, among women who had at any time used
the oral contraceptive pill, IGT/IFG and dysglycaemia
overall were more likely in current than in past users. The
median estimated time for use of the oral contraceptive pill
was 5 to 10 years, and there was no relationship between
duration of use and glucose tolerance. Grand multiparous
women were 1.75-fold (1.34–2.30) more likely to have
taken the oral contraceptive pill than nulliparous women,

but 0.72-fold (0.57–0.91) and 0.72-fold (0.57–0.90) less
likely when compared with para 1–2 and para 3–4 women,
respectively.

Table 3 shows the results of a multivariate logistic
regression including parity, history of hysterectomy, histo-
ry of oral contraceptive pill use, menopausal status with
risk of diabetes, IGT/IFG or any abnormal glucose
tolerance after adjusting for age, obesity, socio-economic
status and cluster. Grand multiparity remained associated
with a significantly greater risk of diabetes (vs para 1–4) in
both analyses.

Discussion

In our study, there was clearly a significant relationship
between grand multiparity and an increased risk of
diabetes, diagnosed and previously undiagnosed, after
adjusting for age, BMI and socio-economic status. Several
previous studies of the relationship between parity and
diabetes have been hampered either by smaller numbers or
inclusion of nulliparous women in a regression analysis, or
they failed to include an OGTT. Conversely, there was
clearly no relationship between parity and risk of IGT/IFG.
Such a relationship has been shown previously in post-
menopausal white American women [2] but not across ages
in Hispanic and non-Hispanic Americans [7], or in
Melanesians, South Asians, Chinese or Creole participants
in a range of studies [5].

We wonder whether grand multiparity hastens progres-
sion from IGT/IFG to diabetes, not only in some ethnic
groups [19], but perhaps also in different age cohorts, and
whether this is why such a factor with a relatively limited
effect (i.e. grand multiparity) could have this differential
effect between diabetes and IGT/IFG. This could mean that
in the older age group, those who were to develop diabetes
have largely done so (or died). Our study is, of course,
cross-sectional, and a prospective study would be superior.
There was a marginally increased risk of abnormal glucose
tolerance overall, suggesting that the effect of parity is not
entirely through increasing the risk of progression from
IGT/IFG to diabetes, but also, to a lesser extent, through
increasing the risk of progression from normal to abnormal
glucose tolerance. Again, this relationship may be different
if studied prospectively and could have been confounded
by differential mortality.

Possible mechanisms for the increased risk of diabetes
with grand multiparity are unclear, particularly without a
major gradation of risk from para 1 women upwards. Kritz-
Silverstein et al. showed a minor gradation in risk between
para 2 and para 5 (comparable to that found here between
para 1–2 and para 3–4), and then a major increase in para
6+ women [2], and it may be that this represents some kind
of threshold effect, above which harm occurs. Like other
investigators, we adjusted for obesity, as grand multiparous
women are also considerably more obese. While this seems
an important adjustment, it is of course measured currently,
i.e. in the present, while parity was established in the past.
If the potential mechanisms linking parity with diabetes actFig. 2 Prevalence of diabetes by parity and age

Table 1 Characteristics of study population according to hysterec-
tomy status, oral contraceptive pill use, parity, menopausal status
and past GDM

n Age (years) BMI (kg/m2)

Hysterectomy status
No 5,326 49±15*** 26.6±5.6***
Yes 1,456 59±12 27.9±5.6
OCP use
No 1,650 64±15 27.1±5.4
Yes 5,132 47±12*** 26.8±5.7
If OCP use
Past 4,124 49±12 27.0±5.8
Current 1,008 41±12*** 26.1±5.2***
Parity
0 973 45±16 25.9±5.7
1–2 2,868 49±14 26.7±5.7
3–4 2,392 54±13 27.2±5.4
5+ 549 63±12*** 28.3±5.6***
Menopause
Past 2,966 65±10 27.5±5.3
Current 897 51±5 27.6±5.8
No 2,919 38±7*** 26.1±5.8***

Data are n, means±SD
OCP Oral contraceptive pill
***p<0.001 for yes vs no and other category comparisons
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through obesity (at least partially), adjustment may have
removed much of its impact. We cannot see any other way
that grand multiparity could influence insulin resistance
beyond delivery, but could imagine some permanent
marginal effect on beta cell mass, similar to that which
occurs with multiple episodes of gestational diabetes,
which predispose to earlier type 2 diabetes [20]. This
presumably affects those at high risk anyway, increasing
the risk in later years (as shown here), but perhaps also
influencing a number of individuals who would otherwise
have been normal.

Although data relating to gestational diabetes (GDM)
were collected, these have not been included, as there are
multiple confounders in such cross-sectional data, particu-
larly the validity of self-reporting of past GDM and of
screening for GDM, the changing penetration of screening
for GDM, changing and differing criteria for GDM across
Australia over the last 75 years, and the changing
prevalence of obesity and the metabolic syndrome. The

diagnosis of GDM, more likely with increasing parity,
could have been associated with a greater proportion of
subjects diagnosed as diabetic, but numbers were too small
to assess this. We hope that at some point prospective data
will become available to test the importance of past GDM
on the relationship between parity and diabetes risk.

Many large surveys such as these have limited
participation and there is always a potential bias from
self-selection. This is a survivor cohort with unpredictable
associated biases. Our definition of menopause could have
confounded the sub-analyses. Most menopausal women
were able to provide an age at which symptoms
commenced. However, some older women indicated they
were unaware of when the menopause commenced. We
believe a cut-off of 55 years is reasonable. We included
past hysterectomy and previous oral contraceptive pill use,
because of their influence on parity. In the end, neither had
an effect on the parity analyses. Past hysterectomy was, as
expected, unrelated to the risk of diabetes. However,

Table 3 Logistic regressions of parity, oral contraceptive pill use, hysterectomy and menopause with dysglycaemia after adjusting for
confounders

Diabetes (known and newly diagnosed) IGT/IFG Any of DM/IGT/IFG

Hysterectomy vs no 1.08 (0.87–1.34) 0.90 (0.76–1.06) 0.94 (0.82–1.09)
OCP use vs no 0.81 (0.64–1.03) 0.94 (0.79–1.13) 0.85 (0.72–0.99)
Parity 0 vs 5+ 0.76 (0.51–1.14) 0.93 (0.67–1.27) 0.82 (0.62–1.08)
1–2 vs 5+ 0.67 (0.49–0.91) 1.04 (0.82–1.34) 0.84 (0.68–1.05)
3–4 vs 5+ 0.74 (0.55–0.99) 0.99 (0.78–1.26) 0.83 (0.67–1.04)
Menopause 1.10 (0.75–1.62) 1.30 (1.03–1.65) 1.15 (0.92–1.42)

ORs (95% CIs) are adjusted for age, obesity (obese, overweight or normal), socioeconomic status and cluster
DM Diabetes mellitus, OCP oral contraceptive pill

Table 2 Adjusted ORs of having abnormal glucose tolerance according to hysterectomy status, oral contraceptive pill use, parity and
menopause

Diabetes (known and newly diagnosed) IGT/IFG Any of DM/IGT/IFG

Hysterectomy status
No 1 1 1
Yes 1.09 (0.88–1.35) 0.92 (0.78–1.08) 0.95 (0.83–1.10)
OCP use
No 1 1 1
Yes (current/past) 0.81 (0.64–1.03) 0.98 (0.82–1.17) 0.86 (0.73–1.00)
Current 1.12 (0.75–1.67) 1.55 (1.23–1.94) 1.56 (1.26–1.93)
Past 1 1 1

Parity
0 0.79 (0.53–1.16) 0.94 (0.69–1.28) 0.84 (0.64–1.11)
1–2 0.66 (0.49–0.90) 1.05 (0.82–1.34) 0.84 (0.68–1.05)
3–4 0.73 (0.55–0.98) 0.98 (0.78–1.27) 0.83 (0.67–1.03)
5+ 1 1 1
Menopause
Past 1 1 1
Current 0.83 (0.54–1.26) 1.33 (1.05–1.69) 1.09 (0.87–1.36)
No 1.16 (0.76–1.17) 1.08 (0.83–1.41) 1.00 (0.79–1.29)

ORs (95% CIs) are adjusted for age and BMI (continuous variables), socioeconomic status and cluster
Parity comparison has 5+ as referent to compare each parity group with grand multiparity
DM Diabetes mellitus, OCP oral contraceptive pill
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current, but not past use of the oral contraceptive pill was
associated with a higher risk of any abnormality in glucose
tolerance. There are clearly a great number of confounders
in what type of women take the oral contraceptive pill, the
duration taken, and whether a subject is a current user or
not, and prospective studies are better suited to find this
out. Indeed, prior prospective studies using either a high-
dose [11] or low-dose [12] oral contraceptive pill have
shown an increased risk of diabetes, although a recent
study showed that risk of diabetes was reduced with
combined oestrogen and progestin [13]. We did not enquire
about the possibility of subjects having polycystic ovarian
syndrome, and those with insulin resistance have had
worsening of glucose tolerance with the oral contraceptive
pill [21].

In summary, we have shown in a large Australian cohort
of women of predominantly European descent that grand
multiparity was associated with an increased risk of
diabetes and of abnormal glucose tolerance overall, but
not of IFG/IGT. We postulate that grand multiparity
accelerates transition through IGT/IFG and, to a lesser
degree, increases transition from normal glucose tolerance
to IGT/IFG. Prospective studies are needed to confirm
these findings.
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