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Short IPIs of <6 and 6–12 months were associated with 
increased rates of preterm birth rate to 12.9 and 10.4 %, 
respectively. Low PWG compared to IOM recommenda-
tions for pre-pregnancy BMI class was also associated 
with increased preterm birth rate of 13.2 % for all BMI 
classes combined. However, the highest rate of preterm 
birth of 25.2 % occurred in underweight women with short 
IPI and inadequate weight gain with adjOR 3.44 (95 % CI 
2.80, 4.23). The fraction of preterm births observed in this 
cohort that can be attributed to short IPIs is 5.9 %, long IPIs 
is 8.3 %, inadequate PWG is 7.5 %, and low pre-pregnancy 
BMI is 2.2 %. Conclusions Our analysis indicates that a 
significant proportion of preterm births in Ohio are associ-
ated with potentially modifiable risk factors. These data 
suggest public health initiatives focused on preterm birth 
prevention could include counseling and interventions to 
optimize preconception health and prenatal nutrition.

Keywords Interpregnancy interval · Body mass index · 
Pregnancy weight gain · Preterm birth

Significance

Abnormalities in pregnancy weight gain, pre-pregnancy 
BMI, and interpregnancy interval impact 25 % of the pre-
term births in this cohort could identify targets for interven-
tion strategies.

Introduction

The overall rate of preterm birth, defined as birth at 
<37 weeks gestational age, in the US is 11.4 % (9.9 % for 
singleton pregnancies), more than twice as high as several 

Abstract Objectives The purpose of this study is to 
evaluate the prevalence, impact, and interaction of short 
interpregnancy interval (IPI), pre-pregnancy body mass 
index (BMI) category, and pregnancy weight gain (PWG) 
on the rate of preterm birth. Methods This is a popula-
tion-based retrospective cohort study using vital statistics 
birth records from 2006 to 2011 in OH, US, analyzing 
singleton live births to multiparous mothers with recorded 
IPI (n = 393,441). Preterm birth rate at <37 weeks gesta-
tional age was compared between the referent pregnancy 
(defined as normal pre-pregnancy maternal BMI, IPI of 
12–24 months, and Institute of Medicine (IOM) recom-
mended PWG) and those with short or long IPI, abnormal 
BMI (underweight, overweight, and obese), and high or 
low PWG (under or exceeding IOM recommendations). 
Results Only 6 % of the women in this study had a referent 
pregnancy, with a preterm birth rate of 7.6 % for this group. 
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rate of preterm birth. Additionally, we hypothesize that 
underweight women will have a greater increase in preterm 
birth rate with a short IPI and inadequate weight gain than 
women with normal or elevated pre-pregnancy BMI. The 
value of examining these specific risk factors is twofold. 
The majority of women possess at least one of these risk 
factors making the potential impact of modification of these 
factors quite broad. Additionally, the magnitude of the effect 
of sharing multiple risk factors on a pregnancy, and their 
interactions, has not been clearly defined.

Methods

We performed a population-based retrospective cohort study 
of all live births in Ohio during a 6 year period (2006–2011) 
using vital statistics birth records from the Ohio Department 
of Health. The primary exposure variables for this study 
were IPI (time from one birth to conception of the subse-
quent pregnancy), pre-pregnancy body mass index (BMI), 
and amount of PWG as categorized by the Institute of Med-
icine (IOM) (Rasmussen 2009). The exposure of interest, 
IPI, is defined as time from the most recent prior birth to 
the subsequent conception of the index birth. The date of 
prior birth is recorded in the US birth certificate, which was 
used for data analyzed in this study. We calculated the IPI 
by converting the gestational age of the current (index) birth 
into months and subtracting it from the number of months 
between prior birth and current birth. Therefore, IPI in this 
study is defined as time from one birth to conception of the 
subsequent pregnancy.

We categorized IPI into the following periods: <6, 
6–12, 12–24, 24–60, and ≥60 months. The 12–24 month 
period was chosen as the referent category because it 
was identified to be the interval of time associated with 
the lowest rate of preterm birth in this study cohort. Pre-
pregnancy BMI was calculated from maternal height 
and pre-pregnancy weight as recorded on the birth cer-
tificate. BMI was categorized according to World Health 
Organization standards as underweight <18.5 kg/m2, nor-
mal 18.5–24.9 kg/m2, overweight 25–29.9 kg/m2, and 
obese ≥30 kg/m2. PWG was calculated as the difference 
between maternal weight at delivery and pre-pregnancy 
weight, both obtained from the mother’s medical record 
by the birth certificate abstractor. PWG was adjusted to a 
40 week gestational length by dividing gestational weight 
gain by gestational length in weeks and multiplying by 
40 to account for lower weight gain in shorter gestational 
length. Calculations of weight gain in pregnancies of 
shorter gestational length may be prone to error, but there 
is no current standardized approach to adjust PWG for 
gestational length (Chmitorz et al. 2012; Hutcheon et al. 
2012, 2013). The standardized PWG was then categorized 

other high resource countries (Hamilton et al. 2013). Medi-
cal advances in treating the consequences of prematurity 
have led to improved neonatal outcomes, but the driving fac-
tors for the high preterm birth rate in the US remain unclear. 
To better understand public health targets for prevention of 
prematurity, in this study we examine the composite impact 
of selected modifiable risk factors for preterm birth includ-
ing interpregnancy interval (IPI), gestational weight gain, 
and pre-pregnancy BMI. These factors were selected as they 
are related to maternal nutritional status and nutrient deple-
tion, factors that have been postulated as triggers of preterm 
parturition.

Previous studies have demonstrated an association 
between low pregnancy weight gain (PWG) (below IOM 
recommendations) and preterm birth (Li et al. 2013; Masho 
et al. 2013; Xinxo et al. 2013). The direction of the asso-
ciation between PWG and preterm birth varies based on 
pre-pregnancy BMI, with a linear association seen in under-
weight women and a U-shaped association noted in aver-
age and overweight women (Carnero et al. 2012). Studies of 
PWG in general have shown increased risk of preterm birth 
with inadequate weight gain, but decreased risk of preterm 
birth with excessive compared to the recommended weight 
gain (Li et al. 2013). However, there are numerous mater-
nal and obstetrical risks associated with excessive weight 
in pregnancy such as gestational diabetes, macrosomia, 
increased cesarean risk and birth trauma (McDonald et al. 
2011; Landon et al. 2009).

Less well understood is the influence of pre-pregnancy 
BMI on preterm birth rate. Several studies demonstrate 
an increase in spontaneous preterm births in underweight 
women (Wang et al. 2011); however, this may be explained 
by coexistent risk factors with null effect following adjust-
ment for confounders (Bhattacharya et al. 2007). A US 
retrospective cohort study revealed an increased risk of all 
phenotypes of preterm birth (spontaneous and medically 
indicated) in underweight women (Lynch et al. 2013). A 
British retrospective cohort study showed increased risk 
of preterm birth in both underweight and obese mothers 
(Scott-Pillai et al. 2013).

Short IPI, time from birth to conception of the subse-
quent pregnancy) have been associated with preterm birth 
and other adverse neonatal and obstetrical complications 
in multiple studies (Conde-Agudelo et al. 2006; de Weger 
et al. 2011; Rodrigues and Barros 2008). Despite the well 
described risks associated with short IPI s, approximately 
one in three pregnancies in the US occur at a <18 month 
interval (Gemmill and Lindberg 2013).

We sought to measure the combined influence of varia-
tions in gestational weight gain, IPI, and pre-pregnancy BMI 
on the rate of preterm birth at <37 weeks. Based on prior 
studies, we hypothesize that in any BMI category, short IPI 
and inadequate PWG will be associated with an increased 
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of Health. This study was exempt from review by the Insti-
tutional Review Board at the University of Cincinnati, Cin-
cinnati, OH, US.

Results

A cohort of 393,441 women with singleton live births was 
used for this analysis. Less than half of the women had a 
normal pre-pregnancy BMI (n = 184,801, 47.0 %). Births 
to overweight and obese women (n = 97,823, 24.9 % and 
n = 94,260, 24.0 %, respectively) were more common than to 
underweight women (n = 16,557, 4.2 %), p < 0.001. Across 
all BMI classes, more women exceeded the recommended 
PWG (n = 193,174, 49.1 %) than met the goal (n = 126,134, 
32.1 %) or had inadequate weight gain (n = 74,133, 18.8 %), 
p < 0.001. Births following an IPI of 12–24 months occurred 
in less than a third of women (n = 108,624, 27.6 %) com-
pared to shorter IPIs of 6–12 months (n = 53,558, 13.6 %) 
and <6 months (n = 29,050, 7.4 %) and longer IPIs of 
24–60 months (n = 137,719, 35.0 %) and ≥60 months 
(n = 64,490, 16.4 %).

Maternal characteristics associated with inadequate 
PWG were black race, low education level, limited pre-
natal care, tobacco use, and prior preterm birth, as shown 
in Table 1. These characteristics were also associated with 
short IPI (not shown). Women with a normal BMI were 
more likely to have characteristics of non-black race, higher 
education level, less Women, Infants, and Children (WIC) 
use, and more private insurance compared to underweight, 
overweight, or obese women, Table 1.

Preterm birth <37 weeks GA complicated 10.1 % of all 
singleton non-anomalous live births in the study cohort, 
with 1.5 % of births occurring at <32 weeks and 0.7 % at 
20–28 weeks. Analyzing the exposures independently, low 
pre-pregnancy BMI, short IPI, and inadequate PWG were 
all associated with increased frequency of preterm birth. 
Looking specifically at pre-pregnancy BMI, the preterm 
birth rate in the normal BMI group was 9.8 % and in over-
weight women was 9.6 %, p = 0.032. Preterm birth occurred 
more frequently in underweight women (15.1 %) and obese 
women (10.2 %) compared to women with a normal BMI 
(p < 0.001 for both comparisons), Fig. 1a.

The lowest preterm birth rate (8.8 %) was observed fol-
lowing IPI of 12–24 months compared to births following 
inadequate IPI of 6–12 months (10.4 %) and <6 months 
(13.0 %) and longer IPIs of 24–60 months (9.4 %) and 
≥60 months (12.1 %), p < 0.001 for each comparison, 
Fig. 1b.

Overall, inadequate PWG was associated with the high-
est preterm birth rate of 13.2 % (p < 0.001 compared to rec-
ommended weight gain) with recommended and excessive 
PWG associated with similar rates of preterm birth (9.2 and 

per IOM recommendations based on pre-pregnancy BMI 
and classified as having met, exceeded, or been under goal 
weight gain 2009.

The primary outcome was the frequency of preterm birth 
(PTB) at <37 weeks gestational age (GA) for each group. 
For this study, the “combined estimate” of gestational age, 
defined as the best obstetric estimate of gestational age 
based on perinatal factors including last menstrual period 
data and earliest prenatal ultrasound when available, was 
used for gestational age comparisons. This is the most com-
monly used gestational age estimation from vital statistic 
records, and is the birth attendant’s final estimate of the 
gestational age as recorded in the medical record and has 
been shown to have excellent specificity, negative predic-
tive value, and positive predictive value (Dietz et al. 2014).

The study cohort was derived from all non-anoma-
lous singleton live births in Ohio during the study period 
(n = 892,733). Study exclusions were multiple gestations 
(n = 32,282) and births <20 weeks (n = 565) or >44 weeks 
gestational age (n = 39). Analyses were then limited to mul-
tiparous mothers with available data on IPI. Primiparous 
mothers (n = 342,243) and those missing IPI or parity status 
(n = 64,593) were excluded. Finally, analyses were limited 
to women with data on pre-pregnancy BMI and maternal 
weight at delivery, resulting in final n = 393,441. There was 
minimal missing data, 2 % or less, for pregnancy charac-
teristics and outcomes of interest including gestation age at 
delivery, maternal race, age, parity, gestational hyperten-
sion, gestational diabetes, and mode of delivery. BMI and 
number of prenatal care visits had 10 % missing data.

Maternal demographic, behavioral, socioeconomic, pre-
natal and delivery characteristics, and frequency of preterm 
birth was compared between IPI and PWG groups, stratified 
by pre-pregnancy maternal BMI. Comparisons of dichoto-
mous variables were performed with Chi square tests and 
continuous variables were compared using ANOVA. Mul-
tivariate logistic regression estimated the adjusted odds 
for preterm birth <37 weeks associated with IPI, PWG, 
and pre-pregnancy BMI including adjustments for con-
founders. Covariates chosen for the adjusted models were 
based on biologic plausibility and significant influences 
noted in bivariate analyses. Stepwise backward selection 
and removal of non-significant selected covariates (marital 
status, low education, limited prenatal care, year of deliv-
ery, and in vitro fertilization), yielded a final parsimonious 
model including cigarette smoking, maternal age, and race. 
Analyses were performed using Stata version 12.1, Stata-
Corp LP, College Station, TX, US. Differences between 
groups were considered statistically significant if probabil-
ity value <0.05 or 95 % confidence interval was not inclu-
sive of the null value 1.0.

A protocol for this study was approved and a de-identi-
fied data set provided by the state of OH, USA, Department 
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Inadequate PWG was associated with a PTB rate of 16.7 % 
even in women with normal IPI (p < 0.001) for underweight 
women. Short IPI of <6 months even with recommended 
PWG was associated with a PTB rate of 17.2 % for under-
weight women.

Similarly, for normal weight women, the rate of pre-
term birth was greater in women with inadequate PWG 
and short and long IPIs, Fig. 3b. The trends are similar to 
underweight women, though the risk of PTB is not as sig-
nificantly increased. In overweight women, trends contin-
ued to be similar to normal weight and underweight women, 
Fig. 3c. The results for obese women show no statistical dif-
ference in preterm birth rate by PWG within any of the IPI 
categories, Fig. 3d. However, even in obese women, the rate 
of preterm birth is higher in women with the shortest IPI 
<6 months and longest IPI ≥60 months, p < 0.001, compared 
to reference IPI.

Overall, only 6.1 % of women (n = 24,006) had a “ref-
erent” pregnancy defined as normal pre-pregnancy BMI, 
IPI 12–24 months, and recommended IOM PWG. In these 
women, the rate of preterm birth was 7.6 %, the lowest of 
any group. Table 2 shows the odds ratios (95 % confidence 
intervals) for preterm birth associated with IPI and PWG 
with adjustment for maternal age, race, and smoking sta-
tus. The odds of preterm birth were increased for all under-
weight and overweight/obese women, compared to women 

9.3 %, respectively), Fig. 1b. Inadequate PWG was associ-
ated with an increased rate of preterm birth in all BMI cat-
egories, with the largest relationship seen in women with 
lowest pre-pregnancy BMI, Fig. 2a (p < 0.001 for under-
weight, normal, and overweight women with p = 0.024 for 
obese women).

For underweight women, with the highest baseline risk 
of preterm birth (15.1 %), both short IPI and inadequate 
weight gain were associated with an increased rate of 
preterm birth. The highest rate of preterm birth of 25.2 % 
occurred when underweight women conceived following a 
short IPI <6 months and had inadequate PWG (p < 0.001 for 
comparison between inadequate PWG and recommended 
PWG in each IPI category for this BMI class), Fig. 3a. 

Fig. 1 Frequency of premature birth with individual risk factors. Fre-
quency of premature birth (%) based on individual characteristics of 
pre-pregnancy BMI (a), interpregnancy interval (b), and pregnancy 
weight gain (c)

 

Fig. 2 Frequency of premature birth stratified by pre-pregnancy BMI. 
Frequency of preterm birth (%) stratified by pre-pregnancy BMI with 
pregnancy weight gain (a) or interpregnancy interval (b)
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is 7.45 %. A further 2.2 % of the preterm births are explained 
by underweight BMI (Table 3). Combined, almost one quar-
ter of the preterm births in this cohort exhibit these poten-
tially modifiable risk factors.

Discussion

Potentially modifiable risk factors for preterm birth are per-
vasive, with >90 % of women in this study demonstrating 
at least one such factor. Fewer than half of women in Ohio 
(47 %) begin pregnancy with a normal weight, and even 
fewer women (32 %) achieve the IOM targeted PWG for 
their BMI category. Low pre-pregnancy BMI, short IPI, and 
inadequate PWG were all robustly related to the frequency 
of preterm birth. These risk factors combined contribute to 
nearly 25 % of the preterm births in this cohort (though the 
coexistent risk factors may cause this to be an overestimate). 
Additionally, smoking and race do not significantly alter the 
adjusted odds for preterm birth in women with low BMI or 
inadequate PWG.

Strengths of the study arise from a large population based 
data set that is generalizable to a wide population. The three 
risk factors addressed in this study are potentially modifi-
able and offer health care providers important opportunities 
to reduce the rate of preterm birth. Because pre-pregnancy 
BMI and IPI are factors determined prior to pregnancy, 

with normal BMI. The most robust risk increase attributed 
to BMI alone was 47 % and occurred in underweight women 
(95 % CI 1.24, 1.75), even after adjustment for important 
coexistent risk factors for preterm birth. Inadequate PWG 
showed an increased risk for PTB within each BMI cat-
egory. Even with ideal IPI there was 1.08 fold increased 
odds of preterm birth (95 % CI 1.13, 1.27) for obese women 
and up to a 2.22 fold increased odds (95 % CI 1.92, 2.56) 
for underweight women. Short IPI <6 months similarly 
increased the odds of PTB within each BMI category even 
with ideal PWG with risk increase ranging from 1.37 fold 
(95 % CI 1.17, 1.61) for obese women to 2.16 fold (95 % 
CI 1.53, 3.06) for underweight women. With the combined 
influence of both inadequate PWG and short IPI <6 months, 
the odds of PTB was robustly increased for normal weight 
women at 2.30 fold (95 % CI 2.09, 2.53) and underweight 
women 3.44 fold (95 % CI 2.80, 4.23). Analysis of inter-
action terms found a significant interaction between excess 
PWG and short IPI in women with obese BMI (p = 0.045). 
All other tests for interaction between each of the PWG cat-
egories and IPI categories were not statistically significant 
in any BMI category (p values >0.05).

Table 3 demonstrates the population attributable fraction 
of each pregnancy risk factor on preterm birth for the study 
cohort. The fraction of preterm births observed in this cohort 
attributed to short IPI is 5.90 % and long IPI is 8.32 % while 
the fraction of preterm births attributed to inadequate PWG 

Fig. 3 Frequency of premature birth in individual BMI categories. Frequency of preterm birth (%) in each pre-pregnancy BMI category [under-
weight (a), normal (b), overweight (c), and obese (d)] based on the combined influence of pregnancy weight gain and interpregnancy interval
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prenatal care and alcohol/tobacco use may be less reli-
able (Reichman and Hade 2001; Reichman and Schwartz-
Soicher 2007). Missing data is a possible concern, but our 
study cohort demonstrates very little missing data, particu-
larly regarding the outcomes and covariates studied. Also, 
information provided in the birth certificates does not allow 
determination of the cause(s) of preterm birth. Thus, our 
generation of hypotheses to explain these effects is limited. 
However, approximately two-thirds or more preterm births 
are spontaneous, and the risk factors discussed are typically 
associated with spontaneous preterm birth. PWG was cat-
egorized using IOM recommendations established midway 
through the study period, therefore differences in counsel-
ing over the study could have influenced the weight gain 
trends, although this would not likely affect the associa-
tion between weight gain and preterm birth observed in our 
analysis. Demographic and pregnancy differences between 

efforts to educate primary care providers on the importance 
of preconception health become particularly important. This 
study is unique in the combined analysis of these three risk 
factors—low pre-pregnancy BMI, inadequate PWG, and 
short IPI—on preterm birth risk. In this large population-
based cohort study, we found the highest rate of preterm 
birth recorded in women with low pre-pregnancy BMI, 
inadequate weight gain, and with short IPI, perhaps impli-
cating nutritional depletion in these cases of preterm birth.

Any study based on vital statistics data, such as birth 
certificates, has limitations that must be considered. Birth 
certificates are not designed for research and their use in 
such context must take that into consideration. Data accu-
racy is known to vary (Reichman and Hade 2001; Reich-
man and Schwartz-Soicher 2007); measures such as birth 
weight, demographic characteristics, and method of deliv-
ery are more accurately reported, while others, such as 

Table 2 Odds ratio with 95 % confidence interval by risk factor

PWGa and IPI category Body mass index

Obese Overweight Normal Underweight

Normal weight gain
No. (%) 4575 (3.8) 5296 (4.5) 24,006 (20.2) 1362 (1.1)

Preterm birth, No. (%) 374 (8.2) 435 (8.2) 1832 (7.6) 161 (11.8)
OR (95 % CI) 1.08 (0.96–1.21) 1.08 (0.97–1.21) 1 1.62 (1.37–1.93)
Adjustedb OR (95 % CI) 1.01 (0.90–1.14) 1.04 (0.93–1.16) – 1.47 (1.24–1.75)

Short IPI (<6 months), No. (%) 1608 (1.4) 1854 (1.6) 4201 (3.5) 233 (0.2)
Preterm birth, No. (%) 189 (11.7) 226 (12.2) 493 (11.7) 40 (17.2)
OR (95 % CI) 1.61 (1.37–1.89) 1.68 (1.45–1.95) 1.61 (1.45–1.79) 2.51 (1.79–3.54)
Adjustedb OR (95 % CI) 1.37 (1.17–1.61)) 1.44 (1.25–1.67) 1.42 (1.27–1.58) 2.16 (1.53–3.06)

Inadequate weight gain
No. (%) 4512 (3.8) 3015 (2.5) 11,082 (9.3) 1541 (1.3)

Preterm birth, No. (%) 407 (9.0) 351 (11.6) 1389 (12.5) 257 (16.7)
OR (95 % CI) 1.20 (1.07–1.34) 1.59 (1.41–1.80) 1.73 (1.61–1.87) 2.42 (2.10–2.79)
Adjustedb OR (95 % CI) 1.08 (0.97–1.21) 1.43 (1.27–1.61) 1.65 (1.53–1.77) 2.22 (1.92–2.56)

Short IPI (<6 months), No. (%) 1463 (1.2) 1105 (0.9) 3719 (3.0) 523 (0.4)
Preterm birth, No. (%) 178 (12.2) 161 (14.6) 694 (18.7) 132 (25.2)
OR (95 % CI) 1.68 (1.42–1.98) 2.06 (1.73–2.46) 2.78 (2.52–3.05) 4.09 (3.34–5.01)
Adjustedb OR (95 % CI) 1.38 (1.17–1.63) 1.69 (1.41–2.01) 2.30 (2.09–2.53) 3.44 (2.80–4.23)

Excess weight gain
No. (%) 56,911 (14.4) 65,963 (16.8) 63,275 (16.1) 7025 (1.8)

Preterm birth, No. (%) 5811 (10.2) 5871 (8.9) 5507 (8.7) 925 (13.2)
OR (95 % CI) 1.38 (1.30–1.45) 1.18 (1.12–1.25) 1.15 (1.09–1.22) 1.84 (1.69-2.00)
Adjustedb OR (95 % CI) 1.24 (1.10–1.38) 1.06 (0.94–1.18) 1.10 (1.05–1.15) 1.69 (1.39–1.99)

Short IPI (<6 months), No. (%) 4975 (1.3) 4743 (1.2) 4194 (1.1) 431 (0.1)
Preterm birth, No. (%) 530 (10.7) 529 (11.2) 502 (12.0) 69 (16.0)
OR (95 % CI) 1.44 (1.30–1.60) 1.52 (1.37–1.68) 1.65 (1.48–1.82) 2.31 (1.78-3.00)
Adjustedb OR (95 % CI) 1.18 (0.96–1.40) 1.37 (1.22–1.52) 1.48 (1.27–1.69) 2.12 (1.89–2.35)

No number, IPI interpregnancy interval, PWG pregnancy weight gain
aPregnancy weight gain is per IOM recommendations based on BMI category
bAdjusted for maternal age, smoking, and race
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care providers in attempt to modify this important risk fac-
tor. However, on a population basis, inadequate PWG is 
seen much more commonly than short IPI and is the only 
risk factor that remains modifiable once a women presents 
for obstetrical care while pregnant. Attention should be paid 
to educational interventions to ensure adequate nutrition 
and weight gain during pregnancy. Improvements in these 
modifiable risk factors could have significant influence of 
birth timing and infant mortality worldwide.
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