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Introduction

Albumin comprises 50% of the protein content. The phy-

siological functions of serum albumin includes the binding

and transport of substances such as fatty acid, ions, thy-

roxine, bilirubin and amino acids, and the effect on colloid

osmotic pressure from the serum albumin accounts for 60-

80% of the osmotic pressure. Albumin has an effect on

vascular permeability, and it has a role as a free radical

scavenger and for anticoagulation
1)
. At our neonatal inten-

sive care unit, the serum albumin concentration is routinely

measured and this is done in almost every hospital. Hypo-
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albuminemia is a common finding in preterm (less than 37

weeks) neonates. An older child with a serum albumin lev-

el below 3 g/dL is classified as having hypoalbuminemia,

and serum albumin levels in preterm infants are signifi-

cantly lower than for full term infants
2)
.

Hypoalbuminemia occurs in a number of clinical situa-

tions including the acutely ill infant, respiratory distress

syndrome, bronchopulmonary dysplasia, necrotizing entero-

colitis, intraventricular hemorrhage, hydrops fetalis and ede-

ma
3)
. Albumin contributes to the antioxidant capacity of the

plasma; therefore, lower levels of albumin may lessen the

total plasma antioxidant capacity. This may be of impor-

tance for premature infants who are at risk for disease

processes where reactive oxygen species play an important

role, such as respiratory distress syndrome, chronic lung

disease, and intraventricular hemorrhage
4)
.

In lung disease of the newborn, alveolar capillary mem-
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brane permeability is increased and high albumin levels are

present in the alveolar aspirates; pulmonary edema is also

found in such clinical situations
5)
. The leakage of protein

into the alveolar space interferes with lung function. It has

been suggested that albumin infusion should increase the

capillary colloid pressure, thereby resulting in a decrease in

the flow of fluid out of the capillaries
6)
. However, it could

be argued that the capillary leak will not be altered by

albumin infusion and that increasing the amount of intra-

vascular albumin will increase the amount of fluid that

leaks out of the circulation, and so increase the edema
3)
. In

addition the alveolar leakage of protein into the alveolar

space inactivates surfactant
7)
.

Little was known about the normal ranges of albumin in

preterm infants, particularly for Korean preterm infants.

Moreover, there is an increasing body of evidence about

the potential problems of albumin infusion to the preterm

infant.

The aim of this study was to determine the reference

ranges of serum albumin concentrations depending on the

gestational ages of premature infants. We also wished to

compare the mean serum albumin levels between groups of

preterm infants that did not developed clinical disorders

later and groups that did develop clinical disorders such as

respiratory distress syndrome, intraventricular hemorrhage,

retinopathy of prematurity, apnea and bronchopulmonary

dysplasia. We also examined the significance of the levels

of serum albumin as a predictive factor for the devel-

opment of the above mentioned clinical disorders, re-

spectively.

Materials and Methods

The records of 208 neonates with gestational ages from

23 weeks to 41 weeks that were born between January

1997 and June 2003 at Wonju Christian Hospital, Wonju,

Korea, were retrospectively reviewed. Gestational ages

were grouped from 23 weeks at 2 week intervals, and the

last group included neonates of the gestation ages from

37-41 weeks.

The following subject parameters were collected : birth

weight, gestational age, serum albumin concentration at 2

hours of age, and the presence or absence of clinical dis-

orders such as respiratory distress syndrome, intraventric-

ular hemorrhage, retinopathy of prematurity, apnea and

bronchopulmonary dysplasia.

The diagnostic progress and the X-ray observation con-

firmed the respiratory distress syndrome. The respiratory

distress syndrome was confirmed in a preterm newborn

with respiratory difficulty, including tachypnea, chest re-

traction and cyanosis that persist or progress over the first

48-96 hours of life and a characteristic X-ray appearance

that uniform reticulogranular pattern and peripheral air

bronchogram. The brain ultrasound test was examined at

the 7th day from the birth to observe for any hemorrhage

within the areas such as the germinal matrix, the intra-

ventricle, and the ventriculitis. The infants were diagnosed

with the apnea if the discontinuity of breath was more

than 20 seconds or when the combined appearance of

symptoms such as the cyanosis and the arrhythmia regard-

less of the breath stopping period were present. The retin-

opathy of prematurity was confirmed under the guideline of

the International Classification of Acute Retinopathy of Pre-

maturity by the fundoscopic examination after 4 weeks

from birth by the ophthalmologist. The infants who re-

quired the artificial respiration after either 36 weeks gesta-

tion period or 4 weeks from the birth were diagnosed as

the bronchpulmonary dysplasia.

Serum albumin concentration was measured by the

Bromocresol green method with the specimen being taken

within 2 hours after birth. The mean albumin concentra-

tions with reference ranges (95% confidence limits) by the

gestational ages were determined. The clinical groups con-

sisted of babies with each of clinical disorders such as

respiratory distress syndrome, intraventricular hemorrhage,

retinopathy of prematurity, apnea and bronchopulmonary

dysplasia. The control group consisted of babies without

each of these clinical disorders. Statistics for each two of

the groups were compared by independent t tests. Logistic

regression analysis was used to model the odds ratios, and

a 95% confidence interval was accepted as a measure of

the association between the predictors and outcome. All

calculations were done on SPSS for windows; SPSS Inc.,

Chicago, Ill., USA.

P values <0.05 were regarded as significant.

Results

The mean albumin concentration in newborn babies rose

from about 2.36 g/dL in 23-24 week gestation babies to

about 3.43 g/dL in full term babies. The reference ranges

(95% confidence limits) of the serum albumin concentration
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was 1.74-2.94 g/dL in babies of 23-24 weeks gestation,

and it was 3.32-3.56 g/dL in full term babies (Table 1).

The mean serum albumin concentration at 23-24 weeks

gestation was around 2.36 g/dL, rising to about 3.43 g/dL

in mature babies. The means and standard deviations in

respect to the gestational ages are shown in Fig. 1. The

overall analysis indicated that the albumin concentration

increased as the gestation period was extended. Table 2

shows the mean values and standard deviations of serum

albumin concentrations of the clinical groups and control

groups. There were significant mean differences between

the clinical groups and control groups for each clinical dis-

order including respiratory distress syndrome, intraventricu-

lar hemorrhage, retinopathy of prematurity and apnea in

premature babies of 30-36 weeks gestation. However, there

was no significant mean difference between the clinical

group and control group for bronchopulmonary dysplasia in

premature babies of 30-36 weeks gestation.

There were 61 premature babies of less than 32 weeks

gestation. There was no significant differences of the mean

albumin concentrations between the clinical group and con-

trol group for respiratory distress syndrome (clinical group,

2.36±0.42 g/dL, n=54; control group 2.64±0.34 g/dL, n=7),

intraventricular hemorrhage (clinical group, 2.41±0.37 g/dL,

n=17; control group, 2.39±0.44 g/dL, n=37), retinopathy of

prematurity (clinical group, 2.54±0.41 g/dL, n=10; control

group, 2.31±0.42 g/dL, n=44), apnea (clinical group. 2.38±

0.22 g/dL, n=54; control group, 2.5±0.5 g/dL, n=7), bron-

chopulmonary dysplasia (clinical group, 2.46±0.31 g/dL, n=

54; control group, 2.39±0.43 g/dL, n=7). There was no sig-

nificant difference between the two groups for retinopathy

of prematurity in babies of more than 37 weeks gestation

age because there was only one case of retinopathy of pre-

maturity among the 32 babies.

Table 3 shows the results of binary logistic regression

analysis for estimating the relative risks, as expressed by

the odds ratio, for respiratory distress syndrome, intraven-

tricular hemorrhage, retinopathy of prematurity, apnea and

bronchopulmonary dysplasia associated with the serum

Fig. 1. Reference range of albumin concentration by gesta-
tional ages in newborn babies (95% confidence limits of
results).

Table 1. Serum Albumin Concentrations by Gestational Ages
(Total=208)

Gestation
(weeks)

Numbers
Mean
(g/dL)

95% confidence interval

Upper bound Lower bound

23-24

25-26

27-28

29-30

31-32

33-34

35-36

>36

7

26

28

21

28

34

32

32

2.36

2.26

2.53

2.82

2.86

3.24

3.43

3.43

2.97

2.42

2.67

2.96

3.02

3.35

3.55

3.56

1.74

2.09

2.4

2.68

2.71

3.13

3.32

3.32

Table 2. Comparison of Serum Albumin Levels between
Groups of Clinical and Control Groups in Gestational Age 30-
36 Weeks

Clinical
diagnosis

Serum albumin (g/dL) P-
value

Clinical group Control group

RDS

IVH

ROP

Apnea

BPD

2.85±0.36 (n=22)

2.74±0.57 (n=6)

2.69±0.33 (n=11)

2.85±0.34 (n=28)

2.5 (n=1)

3.23±0.39 (n=83)

3.17±0.39 (n=99)

3.2±0.39 (n=94)

3.26±0.38 (n=77)

3.15±0.41 (n=104)

<0.05

<0.05

<0.05

<0.05

>0.05

n : number of cases
Abbreviations : RDS, respiratory distress syndrome; IVH, in-
traventricular hemorrhage; ROP, retinopathy of prematurity.
BPD; Bronchopulmonary dysplasia

Table 3. Odds Ratios of Clinical Disorders by Binary Logis-
tic Regression Analysis

Clinical
disorders

B Constant SE
Odds
ratio

95%
confidence
interval

P

RDS

IVH

ROP

Apnea

BPD

-2.311

-2.42

-3.20

-2.60

-3.936

5.72

4.37

7.30

6.97

2.96

0.65

1.07

0.94

0.64

2.9

0.099

0.089

0.04

0.074

0.02

0.02-0.35

0.11-0.72

0.006-0.259

0.021-0.26

0-6.49

0.00

0.02

0.001

0.00

NS

Abbreviations : B, estimated coefficient; SE : Standard error,
RDS, neonatal respiratory distress syndrome; IVH, intraven-
tricular hemorrhage; ROP, retinopathy of prematurity; BPD,
Bronchopulmonary dysplasia; NS, non significant
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albumin levels of immediate postnatal period in premature

babies of 30-36 weeks gestational age. A low serum albu-

min concentration appeared to be associated with the pre-

mature infants' increased risks of respiratory distress

syndrome, intraventricular hemorrhage, retinopathy of pre-

maturity, apnea and bronchopulmonary dysplasia.

Discussion

The clinical indication for measuring albumin concentra-

tion is usually to assess the nutritional status and liver

function, or it is used in the investigation of a prolonged

edema
8)
. Little was known about the normal ranges for

albumin concentration in preterm babies, particularly in

those infants of less than 32 weeks gestation, until Cartlid-

ge and Rutter's study in 1986
9)
. They have reported the

normal albumin concentration at birth, which showed a

gradual rise from a mean value of 1.9 g/dL at 26 weeks

gestation to 3.1 g/dL at full term.

Our results were similar to that study; we have shown

that the albumin concentration is maintained at around 2.31

g/dL by 23-24 weeks gestation, and that this slowly rises

to a level of about 3.43 g/dL at full term. These results

agree with the concentration values found by Reading et

al
8)
, who measured albumin concentration in premature in-

fants and found a steady rise from 28 weeks gestation to

full term.

Their results are 0.5-1 g/dL lower than ours at all ges-

tational ages. We believe this discrepancy may be ac-

counted for partly by the different biochemical testing

method used to measure albumin
8)
. However, we could not

exclude other factors that might have affected this discrep-

ancy.

Because it is a non-specific marker of illness, the use of

a serum albumin measurement in reaching a diagnosis is

of limited utility. However, the association of serum albu-

min concentration with the severity of illness and a poor

outcome has long been recognized, and there are literally

hundreds of studies in which the association has been

demonstrated
1)
.

Goldwasser and Feldmam
10)

reported that serum albumin

concentration is inversely related to mortality risk over its

entire range in a study of many populations comprising

healthy subjects and patients with acute or chronic illness.

They suggested that albumin concentration is a highly sen-

sitive indicator of preclinical disease and disease severity,

and it could be useful in the quantification of risk in a

broad range of clinical and research settings. In this study,

we tried to determine whether serum albumin concentration

is an independent predictor of morbidity and if it could be

useful in the quantification of risk for clinical disorders in

the premature infant.

Moison et al
4)

reported that hypoalbuminemia was pres-

ent in all babies with respiratory distress syndrome at

birth. In their study, this change in serum albumin may

have been related to the changes in alveolar capillary per-

meability, and the increased alveolar capillary permeability

contributed to the decreased plasma protein concentration.

The albumin levels were significantly decreased with in-

creasing FiO2 and the increased duration of oxygen ther-

apy. The decreased plasma albumin concentrations were

also noted to have lowered the antioxidant capacity of the

blood. Oxygen toxicity appeared to lower the plasma pro-

tein by increasing the pulmonary permeability
11)
.

We found that the serum albumin concentrations of the

respiratory distress syndrome group were lower that of the

control group without respiratory distress syndrome at the

gestation age of 30-36 weeks. This was the same result

as was noted by in the research of Moison et al
4)

and

Ebbesen and Nyboe
11)
. Moreover binary logistic regression

analysis demonstrated that each 1 g/dL difference in serum

albumin concentration was associated with a 9.9% higher

risk of respiratory distress syndrome.

There was no data suggesting a direct relationship

between low serum albumin concentration and intraventric-

ular hemorrhage. However, as was shown in Lackmann et

al's study
12)

on the oxygen radical diseases of prematurity,

there was an increasing incidence of intraventricular hem-

orrhage, bronchopulmonary dysplasia and retinopathy of

prematurity with low serum albumin levels: these diseases

might have been affected by the lower antioxidant activity

that resulted from a lower serum albumin concentration.

Our findings demonstrated a lower serum albumin concen-

tration in the intraventricular hemorrhage group and the

retinopathy of prematurity group than in the groups with-

out each of these disorders. Each decrement of -1 unit of

albumin increased the risk of intraventricular hemorrhage

and retinopathy by 8.9% and 4%, respectively. Each -1

g/dL of difference in the serum albumin concentration in-

creased the risk of apnea by 7%. However, it is not obvi-

ous whether the level of serum albumin is the only specific

factor causing these maladies, or if these diseases reflect
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the poor general condition of the premature infant.

In our study, serum albumin concentration could not pre-

dict the development of bronchopulmonary dysplasia. Simi-

larly, Moison et al
4)

reported that lower albumin levels did

not predict development of bronchopulmonary dysplasia

with the specificity for Moison's results being 94%, and

the sensitivity was 50%.

Atkinson et al
13)

have reported that hypoalbuminemia

might cause a newborn's gut to be less resistant to insults

such as bacterial over growth or a hypoxic ischemic event,

which then predisposes the newborn to necrotizing entero-

colitis. However, in our study, the number of babies with

necrotizing enterocolitis was so small that we did not in-

clude cases of necrotizing enterocolitis in our study.

It has been advocated in the past that ill infants with

respiratory distress syndrome should be given an albumin

infusion whenever their serum albumin falls below 2 g/dL
14)
. However, it is now recommended that care should be

taken as an albumin infusion may be harmful. Albumin

infusion has been associated with a significant reduction in

the body weight in the newborn, but there were no

changes associated with the respiratory status
15)
. Fluid

overload is another side effect of albumin administration.

Complications from fluid overload include patent ductus

arteriosus, necrotizing enterocolitis and bronchopulmonary

dysplasia. Also, as albumin is a blood product, it carries

the potential risk of infection and adverse reactions.

Goldwasser and Feldman
10)

showed that in adults, the

serum albumin concentration is inversely related to the risk

of death. Conversely, a review of the literature for albumin

infusions in critically ill adults suggests that it may in-

crease mortality in selected patients
16)
.

So there is still a lot of controversy about albumin in-

fusion to treat hypoalbuminemia. This issue of albumin in-

fusion will continue and further work is obviously needed.

We conclude that the normal albumin levels in preterm

infants should be defined according to the gestational age.

Serum albumin levels for premature babies of gestation 30-

36 weeks in the respiratory distress syndrome group, intra-

ventricular hemorrhage group, retinopathy group and apnea

group were lower than in each group without these clinical

disorders. Lower albumin levels increase the risks of the

later development of respiratory distress syndrome, intra-

ventricular hemorrhage, retinopathy of prematurity and

apnea in premature baby of 30-36 weeks gestation. Unfor-

tunately, the association between clinical disorders and se-

rum albumin concentrations in preterm babies of less than

30 weeks gestational age remains undefined. It is clear that

further studies on this issue, with a larger group of rele-

vant subjects, need to be initiated.

국문 요약

미숙아에서 재태 연령에 따른

혈청 알부민치와 임상증상과의 관계

연세대학교 원주의과대학 소아과학교실

이미아·윤 수·임백근·김종수

목 적:혈장의 항산화 능력, 항혈전 작용, 혈관 투과성 등에

관여하는 알부민이 낮은 경우 호흡곤란증후군, 기관지폐 이형성

증, 괴사성 장염, 뇌실 내 출혈, 태아수종 등이 동반되어 나타날

수 있으며, 특히 신생아의 폐질환에서는 폐 모세혈관의 삼투성이

증가하고 폐포 흡인액에서 알부민이 증가되어 폐부종이 발생될

수 있으나 이때 저알부민혈증의 교정을 위해 알부민을 투여하는

것은 오히려 알부민 누출을 증가시켜 부종을 증가시킬 수도 있

고 폐 표면활성제의 작용을 저해하여 나쁜 결과를 초래할 수도

있다. 그러므로 저자들은 미숙아에서 출생 직후 재태 기간에 따

른 알부민의 정상범위를 결정하고, 신생아 호흡 곤란 증후군, 뇌

실 내 출혈, 미숙아 망막증, 무호흡, 기관지폐 이형성증 등의 임

상증상이 발생된 군과 대조군의 알부민치를 비교하고, 출생 직후

의 알부민치가 이들 질환의 발생을 예측할 수 있는지를 후향적

으로 조사하고자 하 다.

방 법: 1997년 1월부터 2003년 6월까지 원주기독병원에서 출

생한 재태 23-41주의 신생아 208명을 대상으로 출생시 체중, 재

태 기간, 생후 1일의 혈중 알부민치를 의무기록을 검토하여 조

사하고, 최종 진단에서 신생아 호흡 곤란 증후군, 뇌실 내 출혈,

미숙아 망막증, 무호흡, 기관지폐 이형성증 유무를 조사하여 이

들 임상증상이 있었던 군과 없었던 대조군으로 나누어 혈중 알

부민치를 비교하 다.

결 과:혈중 알부민치는 재태 기간 23-24주에서 평균 2.36

g/dL 만삭에 3.43 g/dL으로 재태 기간이 증가함에 따라 증가하

으며, 임상 증상에 따른 혈중 알부민치는 재태 기간 30-36주

의 미숙아중 신생아 호흡 곤란 증후군, 뇌실 내 출혈, 미숙아 망

막증, 무호흡이 있었던 군과 대조군 사이에 의미있는 차이를 보

으며 특히 신생아 호흡 곤란 증후군, 뇌실 내 출혈, 미숙아 망

막증, 무호흡증이 있었던 경우 알부민치가 감소함에 따라 이들

질환의 발생 위험률이 증가함을 보 다.

결 론:신생아에서 저알부민혈증은 반드시 재태 기간을 고려

하여 정의되어야 하며, 출생 직후 알부민치는 30-36주 사이의

미숙아에서 신생아 호흡 곤란 증후군, 뇌실 내 출혈, 미숙아 망

막증, 무호흡 등 각각의 증상이 나타난 군에서 증상이 없었던

군보다 의미있게 낮았으며, 저알부민혈증이 이들 질환의 발병과
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관계가 있는 것으로 사료된다.
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