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Background: Serum albumin plays a pivotal role in regulating plasma oncotic

pressure and modulating fluid distribution among various body compartments.

Previous research examining the association between maternal serum albumin

levels and fetal growth yielded limited and inconclusive findings. Therefore, the

specific influence of serum albumin on fetal growth remains poorly understood

and warrants further investigation.

Methods: A retrospective study involved 39200 women who had a singleton live

birth at a tertiary-care academic medical center during the period from January

2017 to December 2020. Women were categorized into four groups according

to the quartile of albumin concentration during early pregnancy: Q1 group, ≤41.0

g/L; Q2 group, 41.1-42.6 g/L; Q3 group, 42.7-44.3 g/L and Q4 group, >44.3 g/L.

The main outcome measures were mid-term estimated fetal weight, birthweight

and gestational age. Multivariate linear and logistic regression analysis were

performed to detect the independent effect of maternal serum albumin level

on fetal growth after adjusting for important confounding variables.

Results: In the crude analysis, a significant inverse correlation was found

between early pregnancy maternal serum albumin levels and fetal growth

status, including mid-term ultrasound measurements, mid-term estimated fetal

weight, birthweight, and gestational age. After adjustment for a number of

confounding factors, mid-term estimated fetal weight, birthweight, and birth

height decreased significantly with increasing albumin levels. Compared to the

Q2 group, the Q4 group had higher rates of preterm birth (aOR, 1.16; 95% CI,

1.01–1.34), small-for-gestational-age (aOR, 1.27; 95% CI, 1.11–1.45) and low

birthweight (aOR, 1.41; 95% CI, 1.18–1.69), and lower rate of large-for-

gestational-age (aOR, 0.85; 95% CI, 0.78–0.94). Moreover, to achieve the

optimal neonatal outcome, women with higher early pregnancy albumin levels

required a greater reduction in albumin levels in later pregnancy stages.
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Conclusions: A higher maternal serum albumin level during early pregnancy was

associated with poor fetal growth, with the detrimental effects becoming

apparent as early as the mid-gestation period. These findings provided vital

information for clinicians to predict fetal growth status and identify cases with a

high risk of adverse neonatal outcomes early on.
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Introduction

Optimal fetal growth and development are known to be the

foundation for long-term human health, according to the well-

known developmental origins of health and disease theory (1).

Numerous studies have confirmed that intrauterine growth

restriction or low birthweight can lead to diseases in children and

adults, such as cognitive dysfunction and cardiovascular and

metabolic diseases (2–4). More seriously, it is difficult to reverse

the health status of an individual after birth, and some health

defects may even cross generations (5). Although placental

insufficiency, gestational hypertension, and preeclampsia have

been reported to be risk factors for poor fetal growth (6, 7), its

etiology is still unclear. A better understanding of modifiable factors

associated with fetal growth would be vital to ensuring the

maximum growth potential in early life.

Human serum albumin, an important indicator of nutritional

status and hepatic function, is a widely used clinical marker. A lower

serum albumin level may increase the risk of morbidity and

mortality in both adults and children with various medical

conditions, including stroke, renal disease, and malignancies (8).

Notably, albumin, a major component of plasma proteins, plays a

role in maintaining oncotic pressure and reflects plasma expansion

(9). During pregnancy, inadequate plasma expansion is associated

with the risk of low birthweight (LBW) (10), oligohydramnios (11),

and preeclampsia (12). Growing evidence suggests that serum

albumin levels could serve as an indicator of the risk and severity

of preeclampsia (13, 14). Little is known, however, regarding the

effect of maternal serum albumin on neonatal outcomes such as

birthweight and birth length. Since albumin is a routine component

of antenatal care, if proven to be an independent predictor for fetal

growth, it could be a simple and low-cost method for early diagnosis

of adverse neonatal outcomes.

To date, very few studies have examined the possible impact of

maternal serum albumin on fetal growth (15–18), and their results

are limited and contradictory. The main limitation to drawing

robust and definitive conclusions is the absence of information on

pregnancy complications, specifically gestational hypertension,

preeclampsia, and gestational diabetes. Moreover, existing

research were largely focused on women with term delivery, so
02
the influence of maternal serum albumin levels on gestational age

remains unknown. Therefore, there is clear need for a

comprehensive investigation on the association between maternal

serum albumin levels and fetal growth outcomes.

In the present study, we aimed to explore the impact of

maternal serum albumin levels in early pregnancy on fetal growth

by examining a large cohort of women with live-born singletons.

Both neonatal outcomes and mid-term fetal growth were analyzed

to predict the trajectory of fetal development throughout the

duration of pregnancy, and the results offer crucial reference data

for early interventions targeting inadequate fetal growth.
Methods

Study design and population

A retrospective study was conducted at the International Peace

Maternity and Child Health Hospital (IPMCH) of Shanghai Jiao

Tong University School of Medicine, a tertiary care hospital in

China. The study protocol was approved by the Institute Medical

Ethics Committee of IPMCH (reference number GKLW2021-17)

and carried out according to the tenets of the Declaration of

Helsinki. All women who had regular antenatal examination

records and had a live birth (≥24 weeks of gestation) at IPMCH

during January 2017 to December 2020 were included.

The exclusion criteria were: (1) multiple pregnancy, (2) in vitro

fertilization, (3) maternal liver dysfunction (19), (4) maternal liver

or renal disease, and (5) loss to follow-up or unavailability of main

hepatic function records in the electronic database, including data

on albumin, AST, and ALT levels.
Data collection

The following demographic characteristics were extracted from

the medical record system: maternal age, pre-pregnancy body mass

index (BMI), gravidity, parity, education level, cigarette or alcohol

consumption before pregnancy, medical history, pregnancy

complications, ultrasound measurements, delivery method,
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gestational age, birthweight, birth length, and newborn sex.

Gestational diabetes mellitus (GDM) was diagnosed based on a 2-

h 75-g oral glucose tolerance test done at 24–28 weeks of gestation

(20). Pregnancy-induced hypertension, including preeclampsia and

gestational hypertension, was diagnosed based on diastolic blood

pressure ≥90 mm Hg or systolic blood pressure ≥140 mm Hg

measured twice after 20 weeks of gestation, with or without

proteinuria. The records of liver biochemistry tests, including

albumin, AST, and ALT levels, during the early pregnancy period

(8–14 weeks of gestation) were measured by professional laboratory

technicians, as previously described (19), and acquired from the

hospital’s laboratory database. The reference normal range for

alanine transaminase [ALT] and aspartate aminotransferase

[AST] in the Chinese population is considered to be not

exceeding 40 U/L for both enzymes (21). The normal local

laboratory serum albumin level range is 35–52 g/L (17). Records

of the maternal serum albumin level during the final antenatal

examination prior to delivery were also obtained, and the change in

albumin level was calculated as the albumin value from the last

assessment minus the albumin value from early pregnancy.

Ultrasound measurements, including biparietal diameter

(BPD), humerus length (HL), femur length (FL), head

circumference (HC), and abdominal circumference (AC), were

performed by highly trained and experienced sonographers using

standard protocols and identical instruments. These biometric

measurements were recorded during 21–23 weeks of gestation.

BPD was defined as the linear distance from the outer edge of the

proximal parietal bone to the inner edge of the distal parietal bone

on a cross-section of the fetal brain. FL and HL were measured as

the linear distance along the long axis of the femur and humerus,

respectively. With the ellipse function of the ultrasonic equipment,

HC was measured at the same level as BPD, while AC was measured

in a plane perpendicular to the level of the fetal umbilical plexus. To

better assess fetal growth during the second trimester, estimated

fetal weight (EFW) was calculated using HC, AC, BPD, and FL,

according to the Hadlock formula (22).

The primary outcomes were mid-term EFW, singleton

birthweight, and gestational age. The secondary endpoints included

birth length, birthweight z-score, rates of preterm birth (PTB), small-

for-gestational-age (SGA), large-for-gestational-age (LGA), LBW,

and macrosomia. Birthweight z-scores were computed based on a

set of general population reference values for Chinese singleton births

to correct for the effect of newborn gender and gestational age on

birthweight (23). Macrosomia and LBW were defined as birth weight

>4000 g and <2500 g, respectively. Very-small-for-gestational-age

(VSGA), SGA, LGA, and very-large-for-gestational-age (VLGA) were

defined as birthweight <3rd, <10th, >90th, and >97th percentiles for

gestational age, respectively. Very preterm birth (VPTB) and PTB

were defined as delivery at <32 gestational weeks and <37 gestational

weeks, respectively.
Statistical analysis

Continuous variables were described as mean values with

standard deviations and compared by one-way analysis of
Frontiers in Endocrinology 03
variance. Categorical variables were presented as numbers with

corresponding percentages and compared by Fisher’s exact test or

Pearson’s chi-squared test, as appropriate. Following a methodology

similar to previous literature (17), the women were further divided

into four groups based on their albumin concentration: Q1, ≤41.0 g/

L; Q2, 41.1–42.6 g/L; Q3, 42.7–44.3 g/L; and Q4, >44.3 g/L. The Q2

group was used as the reference for all comparisons. This grouping

approach was implemented to facilitate a more comprehensive and

detailed analysis of the influence of varying albumin levels on birth

outcomes. Multivariable linear and logistic regression were

performed to explore the association of maternal serum albumin

level with fetal growth status after adjusting for several potential

confounders, including maternal age, BMI, gravidity, parity,

educational level, alcohol and cigarette consumption before

pregnancy, ALT, AST, gestational age at sampling, pregnancy-

induced hypertension, and GDM. The inclusion of potential

confounders was determined based on the results of univariate

and stepwise regression combined with variables related to serum

albumin and neonatal outcomes indicated in previous studies. To

further explore the dose-response association between serum

albumin level and fetal growth, spline smoothing (24) on the

basis of a generalized additive model were performed after

adjustment for confounding factors. Given that serum albumin

levels may vary as pregnancy progresses, to further minimize biases

that may be caused by measurement of albumin levels at different

gestational weeks, a sensitivity analysis was performed using women

with a sampling time of 12 gestational weeks. Within this study

cohort, the number of measurements conducted at 12 weeks was the

highest, comprising 49% of the total population. All statistical

analyses were performed using SAS software, version 9.4 (SAS

Institute). Two-tailed P values <0.05 were considered to

indicate significance.
Results

A total of 62299 women with a singleton live birth were selected

from our electronic database, of which 39200 women fulfilling the

inclusion criteria of the study were finally included. The details of

the participant selection process are displayed in Supplementary

Figure 1. A comparative analysis of the demographic characteristics

was performed between the excluded and included participants

(Supplementary Table 1).

The baseline demographic and clinical characteristics of the

study population are presented in Table 1. In brief, the mean

maternal age and BMI were 31.11 ± 3.88 years and 21.24 ± 2.82

kg/m2, respectively. Of all the women, 26902 (68.6%) were

primipara, and 22235 (56.7%) underwent vaginal delivery. The

mean albumin level during early pregnancy was 42.68 ± 2.51 g/L,

with the mean ALT level and AST level being 16.03 ± 14.10 U/L and

18.43 ± 7.62 U/L, respectively. Hepatic function measurements were

taken at 11.96 ± 1.10 gestational weeks. The proportions of women

diagnosed with pregnancy-induced hypertension and GDM were

4.8% and 14.3%, respectively.

With regard to the stratification of women into groups

according to the quartiles of albumin concentration, 10269, 9741,
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9707, and 9483 women were assigned to Q1, Q2, Q3, and Q4

groups, respectively. The baseline characteristics across the Q1-Q4

groups were shown in Supplementary Table 2. The associations

between maternal serum albumin level and fetal growth are shown

in Table 2. Women with higher levels of albumin had significantly

lower BPD, HL, FL, HC, AC, and EFW in the second trimester

(P < 0.001 for all). With regard to the neonatal outcomes,

participants in the Q4 group (the highest quartile of albumin

concentration) had significantly lower birthweight, birthweight

z-scores, and birth length (P < 0.001). With increase in albumin

concentrations, that is, from Q1 to Q4, the rates of PTB, LBW, SGA,
Frontiers in Endocrinology 04
and VSGA significantly increased (P = 0.036 for PTB; P < 0.001 for

the rest), whereas the rates of macrosomia, LGA, and VLGA

decreased (P < 0.001 for all). Stratified analyses of birthweight

and birth length were further conducted based on the newborns’

gender. The results demonstrated that, regardless of gender,

birthweight, birthweight z-score, and birth length decreased with

increasing serum albumin levels (Supplementary Table 3).

Multiple linear regression analyses were run to explore the

relationship between albumin level and fetal growth (Table 3).

According to the results of the fully adjusted analysis, compared

with participants in the second quartile, those in the higher quartiles

of albumin level had significantly lower EFW during the second

trimester (Q3: b = -4.18, 95% CI = -5.97 to -2.39, P < 0.001; Q4:

b = -9.36, 95% CI, -11.23 to -7.49; P < 0.001). Infants with higher

maternal albumin levels had significantly lower birth weights than

those in the second quartile, with the following values of adjusted

regression coefficients: Q3: b = -17.32, 95% CI = -29.23 to -5.41

(P = 0.004); Q4: b = -36.89, 95% CI = -49.32 to -24.45 (P < 0.001). In

addition, elevated albumin levels were associated with a decrease in

gestational age-adjusted birthweight z-score and birth length after

adjustment for confounding factors.

As shown in Table 4, after adjustment for several confounding

variables, the highest quartile of albumin values was associated with

higher risks of PTB (adjusted odds ratio (aOR) = 1.16; 95% CI = 1.01–

1.34; P = 0.038), LBW (aOR = 1.41; 95% CI = 1.18–1.69; P < 0.001)

and SGA (aOR = 1.27; 95% CI = 1.11–1.45; P = 0.001) than the

second quartile. Furthermore, the fourth quartiles were associated

with lower rates of LGA (aOR = 0.85, 95% CI = 0.78–0.94, P = 0.001)

than the second quartile. Given the gradual decline of maternal

albumin levels during pregnancy, we strategically selected women

with a sampling time of 12 weeks for sensitivity analysis to minimize

potential sampling time bias. A total of 19189 women were included

in the sensitivity analysis, and the findings remained consistent with

previous observations, affirming the stability and reliability of the

results (Supplementary Table 4).

The dose–response relationships between maternal albumin

levels and fetal growth are displayed visually in Figure 1. After

adjusting for various confounding factors, there was a notable

decline observed in mid-term HC, BPD, and EFW measurements

in women with elevated maternal albumin levels (Figure 1A).

Furthermore, a significant inverse correlation was found between

maternal serum albumin levels and neonatal growth status,

including birthweight and birthweight z-score (Figure 1B).

Gestational age showed a decrease in correlation with increasing

levels of maternal albumin, albeit of a minor magnitude.

The associations of change in albumin level with birthweight

and birthweight z-score were analyzed. The population were

categorized into four groups based on the quartiles of early

pregnancy albumin concentration (Q1-Q4). The observation

reveals that the Q4 group required a more significant decline in

albumin levels in the later pregnancy stages to achieve the same

birthweight and z-score as the Q1 group. (Figure 2). Additionally,

women in the Q4 group showed lower potential for fetal

development in terms of birthweight compared to women in the

Q1 group. (Figure 2).
TABLE 1 Basic characteristics of study population.

Characteristics Participants, No. (%)

N 39200

Age (years) 31.11 ± 3.88

BMI (kg/m2) 21.24 ± 2.82

Gravidity

0 19037 (48.6)

≥1 20163 (51.4)

Parity

0 26902 (68.6)

≥1 12298 (31.4)

Educational level

Below college degree 10183 (26.0)

Bachelor’s degree 20402 (52.0)

Master’s or PHD degree 8615 (22.0)

Drinking before pregnancy (yes) 581 (1.5)

Smoking before pregnancy (yes) 228 (0.6)

Albumin (g/L) 42.68 ± 2.51

Alanine transaminase (U/L) 16.03 ± 14.10

Aspartate aminotransferase (U/L) 18.43 ± 7.62

Gestational age at sampling (weeks) 11.96 ± 1.10

Change in albumin level (g/L) -6.67 ± 2.80

Delivery method

Vaginal 22235 (56.7)

Cesarean 16965 (43.3)

Hypertension

Pregnancy induced 1845 (4.8)

Preexisting 695 (1.8)

Diabetes

Pregnancy induced 5620 (14.3)

Preexisting 94 (0.2)
Data are presented as mean ± SD for continuous variables and n (%) for dichotomous variables.
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Discussion

In this large cohort study, we investigated the impact of

maternal serum albumin level on fetal growth in 39200 women

with live-born singletons. Our findings indicated that a high

maternal serum albumin level during early pregnancy was

associated with poor fetal growth, with the detrimental effects

becoming apparent as early as mid-gestation. Moreover, women

with elevated albumin levels in early pregnancy required a more

significant reduction in albumin levels during later stages of

gestation to attain the optimal birth outcome. These findings

provide vital information that could help clinicians to predict

fetal growth velocity and identify cases with a high risk of adverse

neonatal outcomes early in pregnancy.

To date, only a few studies have focused on the potential

association between maternal albumin levels and fetal growth,

and two earlier small-scale studies failed to find any correlation

between neonatal outcomes and albumin concentrations (15, 18). In

1996, Hasin and colleagues analyzed 151 pregnant women from
Frontiers in Endocrinology 05
poor urban communities and found that serum albumin levels were

significantly lower in the women who had low birthweight infants

than in those who had normal weight infants (16). This was

subsequently challenged by a prospective study, which reported

an inverse association between maternal serum albumin level and

birthweight when the measurements were done during the third

trimester (25). However, during early pregnancy, no significant

correlation was observed between maternal albumin levels and

birthweight (25). More recently, a study involving 3065 term-

born singletons revealed a reverse U-shaped relationship between

the mid-trimester albumin level and fetal growth (17). Nevertheless,

as the authors acknowledged, the missing data on pregnancy

complications, such as GDM, limited the accuracy of their

results (16).

Of note, gestation-adjusted z-scores were not calculated in the

aforementioned literatures. Since the mean birthweight varied with

race and region (26, 27), it is difficult to compare these studies.

Moreover, none of these studies considered the possible adverse

effects of pregnancy-induced hypertension, preeclampsia, and
TABLE 2 Main fetal growth parameters of live born singletons stratified by quartiles of maternal albumin.

Total
(n=39200)

Quartiles of albumin level

P valueQ1
(n=10269)

Q2
(n=9741)

Q3
(n=9707)

Q4
(n=9483)

Mid-term fetal growth

Biparietal diameter (mm) 55.81 ± 3.01 55.92 ± 3.00 55.91 ± 3.03 55.79 ± 3.02 55.60 ± 2.96 <0.001

Humerus length (mm) 36.22 ± 2.08 36.37 ± 2.08 36.33 ± 2.09 36.16 ± 2.06 36.01 ± 2.05 <0.001

Femur length (mm) 38.22 ± 2.19 38.38 ± 2.20 38.33 ± 2.21 38.15 ± 2.18 37.99 ± 2.13 <0.001

Head circumference (mm) 198.43 ± 9.57 198.66 ± 9.50 198.68 ± 9.71 198.48 ± 9.48 197.88 ± 9.57 <0.001

Abdominal
circumference (mm)

173.81 ± 10.55 174.77 ± 10.80 174.28 ± 10.50 173.61 ± 10.51 172.50 ± 10.21 <0.001

Estimated fetal weight (g) 494.87 ± 63.78 500.75 ± 65.77 498.2 ± 64.29 493.28 ± 62.96 486.72 ± 60.93 <0.001

Neonatal outcomes

Gestational age (weeks) 38.96 ± 1.36 38.92 ± 1.33 38.97 ± 1.33 39.00 ± 1.37 38.96 ± 1.38 0.001

PTB 1771 (4.5) 432 (4.2) 413 (4.2) 476 (4.9) 450 (4.7) 0.036

VPTB 124 (0.3) 35 (0.3) 30 (0.3) 28 (0.3) 31 (0.3) 0.921

Male sex 20014 (51.1) 4978 (48.5) 5067 (52.0) 4990 (51.4) 4979 (52.5) <0.001

Body length (cm) 49.82 ± 1.36 49.89 ± 1.30 49.83 ± 1.34 49.82 ± 1.37 49.76 ± 1.41 <0.001

Birthweight (g) 3333.91 ± 430.08 3366.77 ± 425.99 3345.25 ± 426.32 3322.94 ± 430.74 3297.88 ± 434.51 <0.001

Birthweight z-score 0.22 ± 0.94 0.31 ± 0.95 0.24 ± 0.94 0.18 ± 0.94 0.12 ± 0.94 <0.001

LBW 1024 (2.6) 211 (2.1) 237 (2.4) 260 (2.7) 316 (3.3) <0.001

Macrosomia 2097 (5.3) 620 (6.0) 530 (5.4) 505 (5.2) 442 (4.7) <0.001

SGA 1899 (4.8) 407 (4.0) 438 (4.5) 485 (5.0) 569 (6.0) <0.001

LGA 4863 (12.4) 1501 (14.6) 1229 (12.6) 1133 (11.7) 1000 (10.5) <0.001

VSGA 458 (1.2) 92 (0.9) 98 (1.0) 118 (1.2) 150 (1.6) <0.001

VLGA 1506 (3.8) 486 (4.7) 376 (3.9) 349 (3.6) 295 (3.1) <0.001
All ultrasound measurements were performed at 21-23 weeks of gestation. Estimated fetal weight was computed from biparietal diameter, femur length, head circumference and abdominal
circumference using a Hadlock formula. Data are presented as mean ± SD for continuous variables and n (%) for dichotomous variables.
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GDM on fetal growth. Thus, the reliability of the studies reported so

far on this topic is limited. Most importantly, while anthropometric

measurements taken at birth can reflect the culminative effect of an

aberrant intrauterine environment on fetal growth, it does not

provide a picture of specific changes in the fetal growth trajectory.
Frontiers in Endocrinology 06
The present study, aiming to improve on the limitations of the

previous studies described above, examined the precise role of

maternal serum albumin level in fetal growth. Our results, based

on the records of 39200 women with live-born singletons, clearly

demonstrated that a high maternal serum albumin level had an
TABLE 3 Results of multiple linear regression analysis of main fetal growth parameters among live born singletons.

Q1 Q2 Q3 Q4

b (95% CI) P value b (95% CI) P value b (95% CI) P value

Mid-term ultrasound measurements

Biparietal diameter 0.00(-0.01,0.01) 0.364 Reference -0.01(-0.02,-0.00) 0.004 -0.03(-0.04,-0.02) <0.001

Humerus length 0.00(-0.00,0.01) 0.803 Reference -0.02(-0.02,-0.01) <0.001 -0.03(-0.03,-0.02) <0.001

Femur length 0.00(-0.00,0.01) 0.335 Reference -0.02(-0.02,-0.01) <0.001 -0.03(-0.04,-0.02) <0.001

Head circumference -0.00(-0.03,0.02) 0.813 Reference -0.02(-0.05,0.01) 0.140 -0.08(-0.11,-0.05) <0.001

Abdominal circumference 0.03(-0.00,0.06) 0.079 Reference -0.05(-0.08,-0.02) 0.001 -0.14(-0.17,-0.11) <0.001

Estimated fetal weight 1.41(-0.37,3.20) 0.119 Reference -4.18(-5.97,-2.39) <0.001 -9.36(-11.23,-7.49) <0.001

Neonatal outcomes

Gestational age 0.01(-0.03,0.05) 0.592 Reference -0.00(-0.04,0.03) 0.909 -0.03(-0.07,0.00) 0.082

Body length 0.04(0.01,0.08) 0.024 Reference -0.01(-0.05,0.03) 0.630 -0.06(-0.10,-0.02) 0.006

Birthweight 9.12(-2.72,20.96) 0.131 Reference -17.32(-29.23,-5.41) 0.004 -36.89(-49.32,-24.45) <0.001

Birthweight z-score 0.03(0.00,-0.06) 0.023 Reference -0.04(-0.06,-0.01) 0.004 -0.09(-0.11,-0.06) <0.001
fro
Analyses were adjusted for age, BMI, gravidity, parity, educational level, alcohol and cigarette consumption before pregnancy, ALT, AST, gestational age at sampling, pregnancy induced
hypertension and gestational diabetes mellitus.
TABLE 4 Crude and adjusted ORs for adverse neonatal outcomes in singleton births by maternal albumin levels.

Q1 P value Q2 Q3 P value Q4 P value

PTB

OR (95% CI) 0.99 (0.86,1.14) 0.903 Reference 1.17 (1.02,1.33) 0.027 1.13 (0.98,1.29) 0.092

AOR (95% CI) 0.95 (0.83,1.10) 0.502 Reference 1.21 (1.05,1.38) 0.007 1.16 (1.01,1.34) 0.038

LBW

OR (95% CI) 0.84 (0.70,1.01) 0.070 Reference 1.10 (0.92,1.32) 0.279 1.38 (1.17,1.64) <0.001

AOR (95% CI) 0.85 (0.71,1.04) 0.108 Reference 1.14 (0.95,1.36) 0.173 1.41 (1.18,1.69) <0.001

Macrosomia

OR (95% CI) 1.12 (0.99,1.26) 0.062 Reference 0.96 (0.85,1.09) 0.497 0.85 (0.75,0.97) 0.016

AOR (95% CI) 1.03 (0.91,1.17) 0.604 Reference 0.97 (0.86,1.11) 0.670 0.88 (0.77,1.01) 0.072

SGA

OR (95% CI) 0.88 (0.76,1.01) 0.060 Reference 1.12 (0.98,1.28) 0.102 1.36 (1.19,1.54) <0.001

AOR (95% CI) 0.98 (0.85,1.13) 0.755 Reference 1.08 (0.95,1.24) 0.246 1.27 (1.11,1.45) 0.001

LGA

OR (95% CI) 1.19 (1.10,1.29) <0.001 Reference 0.92 (0.84,1.00) 0.048 0.82 (0.75,0.89) <0.001

AOR (95% CI) 1.09 (1.00,1.18) 0.051 Reference 0.94 (0.86,1.02) 0.149 0.85 (0.78,0.94) 0.001
Analyses were adjusted for age, BMI, gravidity, parity, educational level, alcohol and cigarette consumption before pregnancy, ALT, AST, gestational age at sampling, pregnancy induced
hypertension and gestational diabetes mellitus. OR Odd ratio, AOR adjusted odd ratio.
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adverse impact on fetal growth that initiated during the mid-

gestational period and enduring until the late stages of pregnancy.

The reason why a high maternal serum albumin level leads to

poor fetal growth is unclear. It is speculated that the resulting

difference in plasma volume may play a role. Plasma volume

expansion is a central physiological regulatory mechanism in

pregnancy that begins as early as 6 to 8 gestational weeks.

Although the mechanism underlying its role remains unclear, it

has been suggested that reduced blood viscosity may favor blood

flow in the maternal intervillous space (28). In addition,

hemodilution in pregnancy is believed to prevent thrombosis in

the uteroplacental circulation and further promote fetal
Frontiers in Endocrinology 07
development (29). Thus, plasma volume expansion is important

for fetal growth. In fact, there is growing evidence that inadequate

plasma volume expansion is associated with increased rates of

intrauterine growth restriction and PTB (12, 30). This implies

that the failure of plasma volume expansion in women with high

levels of serum albumin may have implications for fetal growth and

ultimately influence birthweight of infants. In the context of

laboratory preparation for biochemical assays, the introduction of

an anticoagulant, followed by centrifugation, yields a specimen

known as plasma. Conversely, when an anticoagulant is omitted,

blood naturally coagulates, resulting in the formation of serum

upon centrifugation. Plasma typically exhibits a total protein
A

B

FIGURE 1

Maternal serum albumin in relation to mid-term fetal growth (A) and neonatal outcomes (B). Data are presented as estimated mean with 95% CIs
(shaded areas), adjusted for age, body mass index, gravidity, parity, educational level, alcohol and cigarette consumption before pregnancy, alanine
transaminase, aspartate aminotransferase, gestational age at sampling, pregnancy induced hypertension and gestational diabetes mellitus.
A B

FIGURE 2

The associations between change in albumin level and birthweight (A) and birthweight z-score (B) stratified by albumin level in early pregnancy. Data
are presented as estimated mean, adjusted for age, body mass index, gravidity, parity, educational level, alcohol and cigarette consumption before
pregnancy, alanine transaminase, aspartate aminotransferase, gestational age at sampling and pregnancy induced hypertension and gestational
diabetes mellitus. All women were grouped based on the quartile of albumin level during early pregnancy (Q1, Q2, Q3 and Q4).
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concentration that is approximately 0.2-0.5g/dL higher than that of

serum. This distinction primarily arises from fibrinogen, a protein

component that is consumed during the coagulation process.

Despite the minor difference in total protein concentration

between plasma and serum, clinically significant serum albumin

levels provide a direct reflection of changes in plasma albumin

concentration. Consequently, serum albumin levels serve as an

indicator of how pregnant women respond to fluctuations in

plasma volume throughout various stages of pregnancy.

Previous studies on this topic were largely carried out in women

with term delivery, thus the possible influence of maternal albumin

level on gestational age could not be fully explored. Only one study

demonstrated a weak positive correlation between mid-pregnancy

albumin level and birth duration, but it was limited by the absence

of data on confounding factors (25). Contrary to their results, the

current study found that elevated albumin levels were associated

with decreased gestational age after adjusting for potential

confounders. Also, women in the third and fourth quartiles were

associated with a higher PTB rate compared to the lowest quartile.

Detailed information on fetal development across pregnancy

trimesters provides important information for clinical practice.

Ultrasound measurements during mid-pregnancy can reflect fetal

growth and the internal processes during the entire duration of

pregnancy. Hence, it elucidates the underlying biological

mechanisms that contribute to the observed association between

maternal serum albumin levels and fetal growth. Therefore, it is of

vital importance to further explore the fetal growth trajectory with

the use of ultrasound measures during pregnancy. The results of the

current study indicated that albumin levels were inversely related to

BPD, HL, FL, HC, and AC, which may have an influence on the

subsequent health and development of the infant. For instance, BPD

and HC, as indicators of head size, are correlated with cognitive

achievement during childhood (31). Further, AC is a critical

indicator of fetal liver size and subcutaneous fat deposition, and is

also associated with cardiometabolic status later on in life (32), and

FL has been reported to be associated with economic productivity in

adulthood (33). In the present study, impaired fetal development

appeared as early as the second trimester and persisted until

delivery. Thus, to prevent poor fetal growth, it is of vital

importance to monitor serum albumin levels from early

pregnancy and carry out appropriate clinical interventions

simultaneously. Such monitoring can serve as an invaluable tool

for both doctors and pregnant women in identifying pregnancy-

related risks at an early stage, facilitating timely interventions for

enhanced outcomes. For the treatment of hypoproteinemia, if there

are no contraindications related to the primary disease, a high-

protein, high-calorie diet can be administered, ensuring an

appropriate protein intake, providing sufficient calorie supply, and

simultaneously supplementing with an adequate amount

of vitamins.

During pregnancy, there is a normal reduction of serum

albumin concentrations along with the increase of plasma

volume (25). Our study, for the first time, discovered an

inverted U-shaped relationship between change in albumin level

and fetal development. The results demonstrated that both

excessive and inadequate reductions in albumin levels had
Frontiers in Endocrinology 08
adverse effects on fetal development. For women with higher

albumin levels in early pregnancy, it was necessary for them to

further reduce their albumin levels during subsequent pregnancy

stages in order to reach the highest developmental potential. The

data from this study highlighted the importance of monitoring

maternal serum albumin levels throughout the entire duration

of pregnancy.

The main strength of the current study was the large sample

size. To the best of our knowledge, this is the largest study assessing

the effect of maternal serum albumin level on fetal growth. Another

strength is that a number of relevant confounders that might

otherwise have caused a bias in the results were adjusted for in

this study, especially pregnancy complications. Moreover,

ultrasound measurements during pregnancy combined with birth

weight assessments were used to evaluate the trajectory of fetal

growth, and this provided a better understanding of the underlying

mechanisms that potentially drive the observed associations.

Additionally, the laboratory conditions and clinical procedures

remained unchanged during the study period. For example, the

ultrasound measurements were performed by the same group of

trained sonographers, and this reduced any intra-observer

variability. Despite these advantages, the present study is limited

by its retrospective nature. In our study, we excluded cases with

missing essential data, such as albumin levels, birthweight and

gestational age, which may introduce some degree of bias. To

address this concern, we conducted a comparative analysis of

baseline characteristics between the excluded and included cases.

The results revealed that the excluded group had, on average, a

slightly higher age (0.5 years) and a slightly higher BMI (0.1 kg/m2)

compared to the included group. Furthermore, the excluded group

exhibited a higher proportion of cesarean section deliveries and a

greater incidence of gestational diabetes and pregnancy-induced

hypertension. This may be attributed to a significant portion of the

excluded population undergoing assisted reproductive technology

(9839 individuals), a group characterized by older age and a higher

incidence of pregnancy complications (34, 35). In addition, in an

attempt to overcome any biases associated with the study design, we

carefully reviewed the data according to strict criteria and

conducted sensitivity analysis to reinforce the robustness of

our findings.
Conclusions

In conclusion, the present large retrospective study showed that

a high maternal serum albumin concentration was associated with

impaired fetal growth in singletons. Thus, maternal serum albumin

level may be used as an indicator in the clinic, based on which

maximum fetal growth potential can be maintained in early

pregnancy. Further studies are needed to verify our results.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1266669
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wu et al. 10.3389/fendo.2024.1266669
Ethics statement

The studies involving humans were approved by Institute

Medical Ethics Committee of the International Peace Maternity

and Child Health Hospital. The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

JW:Writing – original draft. XiL:Writing – review & editing. CQ:

Formal analysis, Writing – original draft. JZ: Formal analysis,Writing

– original draft. XuL: Formal analysis, Writing – original draft. JH:

Formal analysis, Writing – original draft. FW: Formal analysis,

Writing – review & editing. CC: Project administration, Writing –

review & editing. YL: Conceptualization, Funding acquisition,

Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the National Key Research and Development

Program of China [grant number 2018YFC1002800]; the National

Natural Science Foundation of China [grant numbers 82171669,
Frontiers in Endocrinology 09
81971403]; the Innovative Research Team of High-level Local

Universities in Shanghai [grant number SHSMU-ZLCX20210202];

the Shanghai Jiao Tong University Trans-Med Awards Research

(STAR) (Major Project).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1266669/

full#supplementary-material
References
1. Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and
early-life conditions on adult health and disease. N Engl J Med. (2008) 359:61–73.
doi: 10.1056/NEJMra0708473

2. Barker DJP, Eriksson JG, Forsen T, Osmond C. Fetal origins of adult disease:
strength of effects and biological basis. Int J Epidemiol. (2002) 31:1235–9. doi: 10.1093/
ije/31.6.1235

3. Barker DJP, Osmond C, Forsen TJ, Kajantie E, Eriksson JG. Trajectories of
growth among children who have coronary events as adults. New Engl J Med. (2005)
353:1802–9. doi: 10.1056/NEJMoa044160

4. Phipps K, Barker DJ, Hales CN, Fall CH, Osmond C, Clark PM. Fetal growth and
impaired glucose tolerance in men and women. Diabetologia. (1993) 36:225–8.
doi: 10.1007/BF00399954

5. Norris SA, Daar A, Balasubramanian D, Byass P, Kimani-Murage E, Macnab A,
et al. Understanding and acting on the developmental origins of health and disease in
Africa would improve health across generations. Global Health Action. (2017) 10
(1):1334985. doi: 10.1080/16549716.2017.1334985

6. Kovo M, Schreiber L, Ben-Haroush A, Cohen G, Weiner E, Golan A, et al. The
placental factor in early- and late-onset normotensive fetal growth restriction. Placenta.
(2013) 34:320–4. doi: 10.1016/j.placenta.2012.11.010

7. Morgan T, Frias A, Lindner J. Placental insufficiency in preeclampsia and fetal
growth restriction. J Womens Health. (2010) 19:1791–1.

8. Akirov A, Masri-Iraqi H, Atamna A, Shimon I. Low albumin levels are
associated with mortality risk in hospitalized patients. Am J Med. (2017) 130
(12):1465.e11–e19. doi: 10.1016/j.amjmed.2017.07.020

9. Caraceni P, Domenicali M, Tovoli A, Napoli L, Ricci CS, Tufoni M, et al. Clinical
indications for the albumin use: Still a controversial issue. Eur J Intern Med. (2013)
24:721–8. doi: 10.1016/j.ejim.2013.05.015

10. Gibson HM. Plasma-volume and glomerular-filtration rate in pregnancy and
their relation to differences in fetal growth. J Obstet Gyn Br Comm. (1973) 80:1067–74.
doi: 10.1111/j.1471-0528.1973.tb02981.x
11. Goodlin RC, Anderson JC, Gallagher TF. Relationship between amniotic-
fluid volume and maternal plasma-volume expansion. Am J Obstet Gynecol. (1983)
146:505–11. doi: 10.1016/0002-9378(83)90790-1

12. Hays PM, Cruikshank DP, Dunn LJ. Plasma volume determination in normal
and preeclamptic pregnancies. Am J Obstet Gynecol. (1985) 151:958–66. doi: 10.1016/
0002-9378(85)90675-1

13. Salako BL, Odukogbe AT, Olayemi O, Adedapo KS, Aimakhu CO, Alu FE, et al.
Serum albumin, creatinine, uric acid and hypertensive disorders of pregnancy. East Afr
Med J. (2003) 80:424–8. doi: 10.4314/eamj.v80i8.8735

14. Seong WJ, Chong GO, Hong DG, Lee TH, Lee YS, Cho YL, et al. Clinical
significance of serum albumin level in pregnancy-related hypertension. J Obstet
Gynaecol Res. (2010) 36:1165–73. doi: 10.1111/j.1447-0756.2010.01296.x

15. Swain S, Singh S, Bhatia BD, Pandey S, Krishna M. Maternal hemoglobin and
serum albumin and fetal growth. Indian Pediatr. (1994) 31:777–82.

16. Hasin A, Begum R, Khan MR, Ahmed F. Relationship between birth weight and
biochemical measures of maternal nutritional status at delivery in Bangladeshi urban
poors. Int J Food Sci Nutr. (1996) 47:273–9. doi: 10.3109/09637489609012588

17. Xiong T, Wu Y, Huang L, Chen X, Zhang Y, Zhong C, et al. Association of the
maternal serum albumin level with fetal growth and fetal growth restriction in term-
born singletons: a prospective cohort study. Fertil Steril. (2022) 117:368–75.
doi: 10.1016/j.fertnstert.2021.09.016

18. Maher JE, Goldenberg 3RL, Tamura T, Cliver SP, Johnston KE, Hoffman HJ.
Indicators of maternal nutritional status and birth weight in term deliveries. Obstet
Gynecol. (1993) 81:165–9.

19. Song F, Chen Y, Chen L, Li H, Cheng X, WuW. Association of elevated maternal
serum total bile acids with low birth weight and intrauterine fetal growth restriction.
JAMA Netw Open. (2021) 4:e2117409. doi: 10.1001/jamanetworkopen.2021.17409

20. A. American Diabetes. 2. Classification and diagnosis of diabetes: standards of
medical care in diabetes-2021. Diabetes Care. (2021) 44:S15–33. doi: 10.2337/dc21-
S002
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2024.1266669/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1266669/full#supplementary-material
https://doi.org/10.1056/NEJMra0708473
https://doi.org/10.1093/ije/31.6.1235
https://doi.org/10.1093/ije/31.6.1235
https://doi.org/10.1056/NEJMoa044160
https://doi.org/10.1007/BF00399954
https://doi.org/10.1080/16549716.2017.1334985
https://doi.org/10.1016/j.placenta.2012.11.010
https://doi.org/10.1016/j.amjmed.2017.07.020
https://doi.org/10.1016/j.ejim.2013.05.015
https://doi.org/10.1111/j.1471-0528.1973.tb02981.x
https://doi.org/10.1016/0002-9378(83)90790-1
https://doi.org/10.1016/0002-9378(85)90675-1
https://doi.org/10.1016/0002-9378(85)90675-1
https://doi.org/10.4314/eamj.v80i8.8735
https://doi.org/10.1111/j.1447-0756.2010.01296.x
https://doi.org/10.3109/09637489609012588
https://doi.org/10.1016/j.fertnstert.2021.09.016
https://doi.org/10.1001/jamanetworkopen.2021.17409
https://doi.org/10.2337/dc21-S002
https://doi.org/10.2337/dc21-S002
https://doi.org/10.3389/fendo.2024.1266669
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wu et al. 10.3389/fendo.2024.1266669
21. Chen S, Guo XF, Yu SS, Zhou Y, Li Z, Sun YX. Metabolic syndrome and serum
liver enzymes in the general chinese population. Int J Env Res Pub He. (2016) 13(2):223.
doi: 10.3390/ijerph13020223

22. Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estimation of fetal
weight with the use of head, body, and femur measurements–a prospective study. Am J
Obstet Gynecol. (1985) 151:333–7. doi: 10.1016/0002-9378(85)90298-4

23. Dai L, Deng C, Li Y, Zhu J, Mu Y, Deng Y, et al. Birth weight reference
percentiles for Chinese. PloS One. (2014) 9:e104779. doi: 10.1371/journal.pone.0104779

24. Lin YF, Hu WJ, Xu J, Luo ZC, Ye XF, Yan CH, et al. Association between
temperature and maternal stress during pregnancy. Environ Res. (2017) 158:421–30.
doi: 10.1016/j.envres.2017.06.034

25. Forest JC, Masse J, Moutquin JM. Maternal hematocrit and albumin as
predictors of intrauterine growth retardation and preterm delivery. Clin Biochem.
(1996) 29:563–6. doi: 10.1016/S0009-9120(96)00101-4

26. Boshari T, Urquia ML, Sgro M, De Souza LR, Ray JG. Differences in birthweight
curves between newborns of immigrant mothers vs. infants born in their corresponding
native countries: systematic overview. Paediatr Perinat Epidemiol. (2013) 27:118–30.
doi: 10.1111/ppe.12038

27. Swamy GK, Edwards S, Gelfand A, James SA, Miranda ML. Maternal age, birth
order, and race: differential effects on birthweight. J Epidemiol Community Health.
(2012) 66:136–42. doi: 10.1136/jech.2009.088567

28. Steer P, Alam MA, Wadsworth J, Welch A. Relation between maternal
haemoglobin concentration and birth weight in different ethnic groups. BMJ. (1995)
310:489–91. doi: 10.1136/bmj.310.6978.489
Frontiers in Endocrinology 10
29. Sagen N, Nilsen ST, Kim HC, Bergsjo P, Koller O. Maternal hemoglobin
concentration is closely related to birth weight in normal pregnancies. Acta Obstet
Gynecol Scand. (1984) 63:245–8. doi: 10.3109/00016348409155506

30. Murphy JF, O’Riordan J, Newcombe RG, Coles EC, Pearson JF. Relation of
haemoglobin levels in first and second trimesters to outcome of pregnancy. Lancet.
(1986) 1:992–5. doi: 10.1016/S0140-6736(86)91269-9

31. Villar J, Gunier RB, Tshivuila-Matala COO, Rauch SA, Nosten F, Ochieng R,
et al. Fetal cranial growth trajectories are associated with growth and
neurodevelopment at 2 years of age: INTERBIO-21st Fetal Study. Nat Med. (2021)
27:647–52. doi: 10.1038/s41591-021-01280-2

32. Ruckinger S, Beyerlein A, Jacobsen G, von Kries R, Vik T. Growth in utero and
body mass index at age 5 years in children of smoking and non-smoking mothers.
Early Hum Dev. (2010) 86:773–7. doi: 10.1016/j.earlhumdev.2010.08.027

33. McGovern ME, Krishna A, Aguayo VM, Subramanian SV. A review of
the evidence linking child stunting to economic outcomes. Int J Epidemiol. (2017)
46:1171–91. doi: 10.1093/ije/dyx017

34. Lang MN, Zhou MY, Lei RB, Li WH. Comparison of pregnancy outcomes
between IVF-ET pregnancies and spontaneous pregnancies in women of
advanced maternal age. J Matern-Fetal Neo M. (2023) 36(1):2183761. doi: 10.1080/
14767058.2023.2183761

35. Plowden TC, Novak CM, Spong CY. Disparities in obstetrical outcomes in ART
pregnancies compared with natural conceptions. Semin Reprod Med. (2013) 31:340–6.
doi: 10.1055/s-00000072
frontiersin.org

https://doi.org/10.3390/ijerph13020223
https://doi.org/10.1016/0002-9378(85)90298-4
https://doi.org/10.1371/journal.pone.0104779
https://doi.org/10.1016/j.envres.2017.06.034
https://doi.org/10.1016/S0009-9120(96)00101-4
https://doi.org/10.1111/ppe.12038
https://doi.org/10.1136/jech.2009.088567
https://doi.org/10.1136/bmj.310.6978.489
https://doi.org/10.3109/00016348409155506
https://doi.org/10.1016/S0140-6736(86)91269-9
https://doi.org/10.1038/s41591-021-01280-2
https://doi.org/10.1016/j.earlhumdev.2010.08.027
https://doi.org/10.1093/ije/dyx017
https://doi.org/10.1080/14767058.2023.2183761
https://doi.org/10.1080/14767058.2023.2183761
https://doi.org/10.1055/s-00000072
https://doi.org/10.3389/fendo.2024.1266669
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effect of maternal serum albumin level on birthweight and gestational age: an analysis of 39200 singleton newborns
	Introduction
	Methods
	Study design and population
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


