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Abstract
Nutrition and maternal behavior are critical factors in fetal development. Maternal water intake is necessary to regulate metabolism and may influence fetal
growth. This study aims to determine the effect of dehydration during pregnancy on birth weight and length. This cohort-prospective study took place in
the area of Kebon Jeruk District Health Centre. A total of 38 subjects of pregnant women in their second trimester were examined. Subject characteristics
were collected through direct measurements and interviews. Urine and blood samples were collected at the sixth trimester (32–34 and 35–37 weeks) to
determine hydration status. Nutritional status was collected through food recall, while birth weight and length were obtained from the anthropometric
measurements 30 min after birth. From a total of 38 subjects, 20 were dehydrated, and 18 were well hydrated. There was a significant relationship between
hydration status and water intake, birth weight and length, head circumference, and chest circumference. After being corrected to the level of water intake,
the difference in birth weight and length between the two groups were 500⋅6 g and 0⋅4 cm, and 0⋅8 cm and 1⋅4 cm for the head circumference and chest
circumference (P< 0⋅05). It is recommended for mothers to monitor their weight and ensure fluid intake of 3⋅0 l per day. Further research requires more
subjects to observe the effects of chronic maternal dehydration on pregnancy output and a cohort study that monitors infant development in the first six
months of life.

Key words: Dehydration: Fetal growth: Maternal nutrition: Pregnancy: Water intake

Introduction

During pregnancy, nutrition and maternal behavior are essen-
tial in fetal brain development. Maternal physiological and
metabolism adaptation throughout pregnancy would impact
fetal development(1, 2). Concurringly, several studies suggested
that maternal diet affects pregnancy output(3, 4). For example,
Timmermans et al. (2011) mentioned that dietary patterns of
grains and fruit or fat (processed meat diet) are associated
with concentrated blood biomarkers influencing endothelial
function (folate, homocysteine/tHcy, and high-sensitivity
C-reactive protein/hs-CRP). Another study found that dietary
intake and composition are a parameter of maternal and fetal
well-being. Deficiencies in the consumption of such intakes;

protein, vitamins, PUFAs can cause stunted fetal/offspring
development while consuming certain foods can have a bene-
ficial impact on fetal growth and development(5). For example,
lack of retinol intake in dietary composition impacts fetal
growth, but not on fetal kidney growth in late pregnancy(6).
Another thing to consider is the fulfillment of nutritional
intake during preconception(7).
Usually, plasma volume increases progressively during preg-

nancy. Most of this 50 % increase occurs at 34 weeks gesta-
tion, proportional to the birth weight. Because the expansion
in plasma volume is greater than the increase in red blood
cell mass, there is a decrease in hemoglobin concentration,
hematocrit, and red blood cell count(8). Changes that occur
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during the pregnancy period cause an adjustment in water
requirements during pregnancy. Water is an essential nutrient
in metabolism, hydration, and health, especially in the body
fluid balance mechanism(9). Homeostasis is a system in
which variables are regulated so that internal conditions
remain stable and relatively constant(10).
Hydration during pregnancy is requisite to sustain the bal-

ance of amniotic fluid, which is vital to maintain fetal well-
being. Therefore, amniotic fluid deficiency (oligohydramnios)
can have many effects on the prognosis of pregnancy(11).
Oligohydramnios complicates 3–5 % of all secondary preg-
nancies due to ruptured membranes, placental insufficiency,
congenital anomalies such as bilateral renal agenesis, post-term
pregnancy, twin-to-twin transfusions, fetal death, or idio-
pathic(11–14).
Studies with pregnant rats and sheep showed that dehydra-

tion resulted in a low-birth-weight outcome, indicated by the
presence of specific and hypertonic plasma hypernatremia
and arterial hypertension(15). Other studies on sheep explained
that pregnant sheep with limited liquid intake were given intra-
venous fluid after delivery resulted in hypernatremia, hypertonic,
and hypertension. The survived lamb was then infused with a
hypotonic saline solution. A study on humans found that a
mother with uterine hypertonicity and stress could influence
her child’s osmoregulation and systemic arterial hypertension(16).
Water is needed for body metabolism regulation, especially dur-
ing pregnancy, considering its impacts on the fetus. However,
research related to pregnancy hydration in humans is still scarce.
Therefore, this study aims to determine how dehydration during
pregnancy affects birth weight and length.

Methods

Design, place, and time

This cohort-prospective study aimed to investigate the effect
of dehydration during pregnancy on birth weight and length.
The study was conducted in seven areas of the Kebon Jeruk
District Health Centre, namely Kebon Jeruk Health Centre,
South Sukabumi Health Centre, North Sukabumi Health
Centre, North Kedoya Health Centre, South Kedoya
Health Centre, Duri Kepa Health Centre, and Kelapa Dua
Health Centre in December 2016 to January 2018. This
study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involving
human subjects were approved by the Health Research
Ethics Commission of the Faculty of Medicine, University
of Indonesia, Jakarta, in the form of an Ethical Approval
Pass with Number: No.869/UN2.F1/ETHICS/2016 dated
October 10, 2016. Written informed consent was obtained
from all subjects.

Subject

Research subjects were second-trimester pregnant women
(16–18 weeks’ gestation) who took part in the study until
the end (parturition). The inclusion criteria were as follows;
(1) doing pregnancy examination in the study site, (2) in the
second and third trimester, (3) in normal health (no secondary

infection) based on the medical record, (4) never had
low-birth-weight or stunted (<48 cm), (5) aged between 18–
35 years, (6) the height between 150–165 cm, (7) BMI (body
mass index) of 18⋅5–25⋅0, (8) experienced urinary tract infec-
tion, (9) experienced vomiting, nausea, and diarrhea in the first
trimester, (10) planned to delivery in the study site, (11) signed
the informed consent, (12) willing to participate, and (13)
never had a cesarean delivery. A total of 38 subjects with a
fixed hydration status were observed until the end of the
study, the flowchart of the subject sampling is presented on
Figure 1. Subjects with fixed hydration status have the same
hydration category after the observation period from 32–37
weeks. For instance, when a subject was dehydrated from 32
until 37 weeks. The subjects were categorized into the dehy-
dration group (DG) (n 20) and the normal group (NG) (n 18).

Data collecting

Subject characteristics include maternal age, weight before and
during pregnancy, height, upper arm circumference, waist cir-
cumference, hip circumference, nutritional status before preg-
nancy, body temperature, pulse, fundus height, blood pressure,
and hydration status. Characteristics were obtained through
interviews and questionnaires completed by trained enumera-
tors for 15–20 min. Then anthropometric measurements
were performed by enumerators and midwives for 15–20 min.
Measurements were done three times (twice by an enumerator
and once by a midwife as a measurement data control).
Meanwhile, data on nutritional status before pregnancy,
blood pressure, and body temperature were obtained from
the mother’s medical record through the KIA (Kartu Ibu
dan Anak) book (Maternal and Child Health Book).
Biomarker hydration status data used were urine color, urine

specific gravity, serum sodium, urine, and serum osmolality
measured from six observation time points. Urine and blood
collection to measure hydration status at six points was carried
out in the third trimester, namely the first three points each in
the 32–34 week period and the second three points in the 35–
37 week period. This collection method was to reduce the risk
of pain when taking blood, hence frequented weekly. Then,
look for the subjects who have a constant hydration status
from the beginning to the end of the study. Biomarkers meas-
urement of hydration status were taken through blood and
urine. Urine-specific gravity test using the urinometer method,
urine and plasma osmolality are checked through an osmom-
eter, urine color checked through the PURI indicator, and
serum sodium is examined through the ISE method.
Table 1 shows the threshold level for each biomarker used
to assess the hydration status.
Hydration status data is obtained from five biomarkers aver-

age. If more than two indicators presented higher than normal,
i.e., (a) ≥2 indicators: ≥60 % dehydration; (b). <2 indicators:
<60 % non-dehydrated (normal). Biomarker data collection
was assisted by phlebotomy personnel, while data on birth
weight and length were obtained from the midwife measure-
ments 30 min after birth.
Nutrition and water intake data were collected through 1 ×

24 h recall interviews for six days, which were conducted three
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days (two working days, one day off) between 32–34 weeks of
gestation and the following three days in between 35–37 weeks
of gestation. Before observation, subjects were given an
explanation of blood and urine collection and food and
drink intake, where they were also encouraged to eat and
drink as usual. The average intake for six days represents the
subject intake during observations in the third trimester of
pregnancy, and the use of 24-hour food recall was because it
is more convenience for the subject, than giving them a
3 days food diary. The data was collected during blood and
urine sampling to represent the nutrients and water intake in
the third trimester of pregnancy and correct hydration status.
Water level data in percentage is calculated based on water
intake compared to the individual water needs based on

RDA (Recommended Dietary Allowance). The previous
study shows that <90 % is in the deficient category, and
≥90 % is sufficient(14). Water intake data are obtained from:
drinking water, other drinks (colored and flavored), water in
food, and metabolic water.
Materials used in this study were blood (20 ml) and urine

(50 ml) samples. Blood samples taken are intravenous
on-the-spot blood samples. Urine taken is spot urine taken
at 14⋅01–16⋅00 local time. Examinations related to hydration
biomarkers: urine color, urine specific gravity, urine osmolality,
plasma osmolality, and serum sodium are carried out by an
Accredited Laboratory in collaboration with this study.
Equipment used in conducting the research included digital

baby scales ‘Laica’ and meter line to measure body weight and
height, fundus, upper arm, waist, and hip circumference,
Combur 10 M (Roche) to measure urine specific gravity,
Osmomat 3000 Gonotec GmBH to measure urine and
serum osmolality, PURI Indicator to measure urine color,
ADVIA 1800 (for sodium examination) with ADVIA
Chemistry Ise Buffer reagents (Siemens).

Data analysis

Data were processed and analyzed with Microsoft Office
Excel and SPSS 20.0 software. Biomarkers of hydration status,
subject characteristics, and birth output (birth weight and
length) were analyzed descriptively and presented in the
form of mean (mean), median, and standard deviation (SD).
The bivariate analysis testing used a different t-two

Table 1. Threshold level of hydration biomarker

Biomarker indicator Threshold

Serum Sodium(17) 1. 135–145 mEq/L (Well-hydrated)

2. >145 mEq/L (Dehydrated)

Urine Specific Gravity (USG)(14) 1. 1⋅021–1⋅026 (Slightly dehydrated/

Hypohydration)

2. >1⋅026 (Chronic dehydration)

Urine Colour(18) 1. Score of 1–3 (Well-hydrated)

2. Score of 4–6 (Slightly dehydrated)

3. Score of 7–8 (Dehydrated)

Urine Osmolality(18) 1. <500 mOsm/kg (Normal)

2. ≥500 mOsm/kg (Dehydrated)

Serum/Plasma Osmolality(19) 1. ≤299 mOsm/kg (Normal)

2. >299 mOsm/kg (Dehydrated)

Fig. 1. Flowchart Sampling.
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independent test to look at differences in subject characteris-
tics, analysis of nutrient and water intake, and birth output
on hydration status. ANCOVA test was conducted to evaluate
birth output data on confounding variables. In this study, the
confounding variable is water intake level that gives a
possible-to-false association. Data were analyzed at a 95 %
confidence level and significance level P < 0⋅05.

Results

Subjects characteristics based on hydration status

This study observed hydration status at the beginning and the
end of the study. Of the total of 66 subjects being taken, 38 sub-
jects had a fixed hydration status from the beginning until the
end of observation. It was found that most of the subjects
experienced dehydration during pregnancy (52⋅6 %). Based on
Table 1, there were no differences in subject characteristics of
the two groups of mothers, both dehydrated and normal
(P≥ 0⋅05), indicating the similarity of subject characteristics.

Differences between nutritional intake and water intake based
on hydration status during pregnancy

Table 2 shows no differences in energy, carbohydrate, protein,
fat, iron, zinc, and calcium intake (P≥ 0⋅05). However, there
were differences in water intake levels in the two DG and
NG (P < 0⋅05).
The level of water intake is calculated based on the amount

of percentage obtained from regular water, colored and fla-
vored drinks, water in food, and metabolic water compared
to water needs. This study found differences in water intake
levels in the two groups. Based on the percentage value of
water intake, the dehydrated mother’s group is in the poor cat-
egory and normal mothers are in the sufficient category.

Dehydration effect on birth output

Table 3 shows that there were differences in birth output (birth
weight and length, head circumference, and chest circumfer-
ence) between the two groups (P < 0⋅05). Also, the table

Table 3. Differences between nutritional intake and water intake based on hydration status during pregnancy

Variable DG, n 20 NG, n 18 P-value

Energy (kcal) 1691⋅0 (1326⋅0–2056⋅0) 1607⋅0 (1252⋅0–1962⋅0) 0⋅48
(%)a 62⋅9 (49⋅3–76⋅5) 61⋅2 (47⋅2–75⋅2) 0⋅70

Carbohydrate (g) 214⋅0 (157⋅0–271⋅0) 213⋅0 (148⋅0–278⋅0) 0⋅93
(%)a 92⋅7 (87⋅8–97⋅6) 95⋅8 (82⋅1–109⋅5) 0⋅50

Protein (g) 59⋅5 (43⋅8–75⋅2) 57⋅0 (42⋅5–71⋅5) 0⋅62
(%)a 93⋅1 (85⋅1–101⋅1) 94⋅0 (84⋅5–103⋅5) 0⋅75

Fat (g) 70⋅9 (48⋅3–93⋅5) 64⋅5 (46⋅5–82⋅5) 0⋅34
(%)a 69⋅9 (53⋅6–86⋅2) 71⋅0 (61⋅5–80⋅5) 0⋅81

Iron (mg) 10⋅7 (3⋅6–17⋅8) 12⋅3 (0⋅0–25⋅9) 0⋅67
Zinc (mg) 6⋅7 (4⋅6–8⋅8) 6⋅7 (4⋅9–8⋅5) 0⋅89
Calcium (mg) 315⋅0 (168⋅0–462⋅0) 338⋅0 (131⋅0–545⋅0) 0⋅68
Water Intake (ml) 2212⋅8 (1321⋅1–3065⋅7) 3393⋅7 (2707⋅7–4315⋅5) 0⋅01*

(%)a 72⋅2 (60⋅6–83⋅8) 114⋅5 (98⋅2–130⋅8) 0⋅01*

Data were distributed normally.

DG, Dehydrated group; NG, Normal group.
a Percentage compared to the needs.

* Independent t-test, significant with p<0⋅05.

Table 2. Subject characteristics on the beginning of study (baseline)

Variable DG, n 20 NG, n 18 P-value

Age (year) 26⋅1 (21⋅4–30⋅8) 26⋅9 (21⋅4–32.)4 0⋅63
Height (cm) 153⋅6 (148⋅7–158⋅5) 154⋅6 (149⋅3–159⋅9) 0⋅56
Gestational Age (week) 17⋅0 (16⋅1–17⋅9) 16⋅9 (16–17⋅8) 0⋅74
Weight on Second Trimester (kg) 61⋅5 (51⋅9–71⋅1) 56⋅7 (48⋅6–64.)8 0⋅10
Weight on Third Trimester (kg) 70⋅8 (59⋅8–81⋅8) 65⋅1 (55⋅9–74⋅3) 0⋅09
Maternal Weight Gain (kg) 12. (8⋅2–16⋅8) 11⋅7 (7⋅8–15⋅6) 0⋅54
Pregnancy Duration (Week) 38⋅7 (37⋅8–39⋅5) 38⋅5 (37⋅75–39⋅25) 0⋅50
Upper Arm Circumference (cm) 28⋅3 (25⋅2–31⋅4) 27⋅1 (24⋅4–29⋅8) 0⋅21
Fundus Height (cm) 13⋅7 (10⋅8–16⋅6) 13⋅6 (11⋅1–16⋅1) 0⋅87
Waist Circumference (cm) 91⋅5 (82⋅2–100⋅8) 88⋅7 (82⋅6–94⋅8) 0⋅27
Hip Circumference (cm) 101⋅0 (92⋅3–109⋅7) 91⋅9 (70⋅2–113⋅6) 0⋅09
Body Temperature (0C) 36⋅3 (35⋅6–37⋅0) 35⋅9 (33⋅6–38⋅2) 0⋅46
Pulse (bpm) 88⋅5 (68⋅7–108⋅3) 92⋅8 (72⋅6–113) 0⋅51
Blood Pressure:

Systolic (mmHg) 110⋅8 (102⋅1–119⋅5) 109⋅4 (102⋅2–116⋅6) 0⋅60
Diastolic (mmHg) 68⋅3 (63⋅0–73⋅6) 69⋅7 (63⋅1–76⋅3) 0⋅48

Data were distributed normally.

DG, Dehydrated group; NG, Normal group.

Independent t-test, significant with P < 0⋅05.
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shows the effect of dehydration on the weight and length of
the baby’s body (P < 0⋅05). In dehydrated mothers, the weight,
height, head circumference, and chest circumference of the
baby are lower than the normal mother group.
Table 4 shows that the level of water intake is related to

hydration status. Further assessment on the effect of hydration
status on pregnancy outcomes requires testing the water intake
level correction on hydration status, which impacts pregnancy
outcomes. After correcting the water intake level, the differ-
ence in weight and length of newborns from the (DG) and
NG were 500⋅6 g and 0⋅4 cm, respectively. Meanwhile, differ-
ences in head circumference and chest circumference of new-
borns from the DG and NG were 0⋅8 cm and 1⋅4 cm,
respectively (Showed in Table 4).
Table 5 also explains that the difference in the value of the

correction of water intake to the birth length of DG and NG
were 0⋅1 cm and −0⋅1 cm, respectively. As for the bodyweight
of the DG and NG, respectively −38⋅3 g and 42⋅6 g. This is
similar to the head circumference in the group of dehydrated
(normal) and normal (NG) mothers, namely 0⋅1 cm and −0⋅2
cm. Chest circumference in the DG and NG maternal groups
were 0⋅0 cm and 0⋅0 cm, respectively.

Discussion

The maintenance of fluid and electrolyte balance is essential
for a healthy quality of life during pregnancy. Dehydration,
overhydration, salt balance, and excess water are associated

with morbidity and death, especially in the elderly, in which
the risk is increasing(20). This study is in line with preliminary
research, which states that 57⋅1 % of pregnant women experi-
ence dehydration(21).
Medical prevalence in pregnancy cases is increasing because

of the complex interactions between demographic and lifestyle
factors and modern medical science development. Two-thirds
of maternal deaths from 2011 to 2013 occurred in women
with known medical comorbidities, and 30 % of women who
died were obese(22). Thus, pregnancy health problems are an
important concern in the case of maternal and child health.
This study showed that maternal weight gain from both

groups DG and NG was normal. A consistent weight gain
in the pregnancy period was associated with better pregnancy
output. Excessive weight gain can affect pregnancy output
and, in the short term, will be very dangerous. Therefore,
some studies necessitated planning and monitoring weight
gain during pregnancy(23, 24).
Weight gain is influenced by socio-demographic, lifestyle,

and genetic factors. These risk factors will increase the risk
of the adverse event in the mother, fetus, and child(25).
Thus, anthropometric examination (with weight monitoring)
needs to be done.
Epidemiological studies showed a correlation between food

intake and health, including water intake to determine health
status and weight loss in overweight women(26, 27). This
study demonstrated a relationship between water intake level
and hydration status. Dehydration has a serious consequence

Table 5. Dehydration effect on birth output

Variable DG, n 20 NG, n 18

Birth Weight (g)*

Before correction 2862⋅2 (2542⋅9–3181⋅5) 3281⋅9 (2914⋅2–3649⋅6)
After correction 2823⋅9 (2710⋅7–2937⋅1) 3324⋅5 (3201⋅7–3447⋅3)

Birth Length (cm)*

After correction 48⋅2 (47⋅2–49⋅2) 48⋅8 (48–49⋅6)
Before correction 48⋅3 (48⋅0–48⋅6) 48⋅7 (48⋅4–49⋅0)

Head Circumference (cm)*

Before correction 32⋅3 (31⋅4–33⋅2) 33⋅4 (32⋅7–34⋅1)
After correction 32⋅4 (32⋅2–32⋅6) 33⋅2 (32⋅9–33⋅5)

Chest Circumference (cm)*

Before correction 32⋅3 (31⋅2–33⋅4) 33⋅7 (33–34⋅4)
After correction 32⋅3 (32⋅0–32⋅6) 33⋅7 (33⋅4–34⋅0)

DG, Dehydrated group; NG. Normal group.

* ANCOVA, significant with P < 0⋅05. R-squared: birth weight 0⋅28, birth length 0⋅11, head circumference 0⋅32, chest circumference 0⋅34. Before and after corrected with water

intake level.

Table 4. Birth output differences based on hydration status

Variable DG, n 20 NG, n 18 P-value

Birth Weight (kg) 2862⋅3 (2542⋅7–3181⋅3) 3281⋅9 (2914⋅2–3649⋅6) 0⋅01*
Birth Length (cm) 48⋅2 (47⋅2–49⋅2) 48⋅8 (48⋅0–49⋅6) 0⋅03*
Head Circumference (cm) 32⋅3 (31⋅4–33⋅2) 33⋅4 (32⋅7–34⋅1) 0⋅01*
Chest Circumference (cm) 32⋅3 (31⋅2–33⋅4) 33⋅7 (32⋅9–34⋅5) 0⋅01*
Pulse (bpm) 141⋅1 (139⋅6–142⋅6) 140⋅7 (138⋅3–143⋅1) 0⋅50
Placenta Weight (g) 640⋅4 (588⋅6–692⋅2) 629⋅3 (582⋅8–675⋅8) 0⋅49

Data were distributed normally.

DG, Dehydrated group; NG, Normal group.

* Independent t-test, significant with P < 0⋅05.
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for older adults, including an increased risk of illness or death.
Chronic dehydration occurs for a long time, which happens in
older adults 48 %(28).
During normal pregnancy conditions, an increase in plasma

volume is needed for the body balance mechanism(29). Thirst
is vital in maintaining body fluid homeostasis and avoiding defi-
ciency in intracellular and extracellular fluid volumes. Thirst
occurs because nerve signals arising from osmotic and hormo-
nal influences on the terminal lamina can be integrated into the
brain, with afferent information transmitted from intrathoracic
baroreceptors through the hindbrain to stimulate thirst(30, 31).
Water intake consists of about 20 % of the water from solid

food and 80 % water from drinks and drinking water(32).
Water intake is important for maintaining one’s hydration sta-
tus, one of which can be demonstrated by the value of urine
osmolality(18, 33). Thus, in the case of pregnancy, it is import-
ant to maintain the intake of nutrients and especially water to
prevent pregnancy problems.
Dehydration is a predictor of increased fragility, deteriorat-

ing mental performance, and quality of life(34). This study
explains that the incidence of chronic dehydration during preg-
nancy impacts the birth weight and length also on the head
and chest circumference of the baby. According to Tanner
(1978), the speed of weight growth starts at 32 weeks gestation
and peak at 34 weeks gestation. At 34–36 weeks gestation,
fetal growth slows down because the uterus narrowing(35),
but significantly increased in the first six months postpartum,
especially in the first eight weeks after the baby is born. At this
age, mothers tend to feel full, so they limit their water intake
even though it is a fact that an adequate intake of nutrients
and water is needed to support fetal growth during this period.
Mild dehydration occurred when 2 % weight loss happened,

which caused headaches, fatigue and reduces physical and
mental performance(36). Chronic dehydration repeatedly
occurs and for a long time(37). Therefore, it is necessary to
consider the intake of nutrients and water in pregnant women.
Feeding during pregnancy and nutrient supply from mother

to fetus is needed to develop embryos/fetus and fetal growth,
cell proliferation, and DNA replication in critical periods(38).
Another study in rats also found the same effect of dehydration
on birth weight and length(39). In addition, lack of water intake
can cause a lack of amniotic fluid in pregnant women, which
can cause oligohydramnios. So, in this case, the mother needs
intravenous fluid management(40). In line with other studies,
the disruption of sodium balance in pregnant rats interferes
with hydration status and impacts pregnancy output(41, 42).
It is known that head circumference in infants and children

is an essential indicator of growth and development. In
another study found that the baby’s head circumference was
positively correlated with brain volume. Low head circumfer-
ence is at risk for low brain volume(43). In addition, other stud-
ies have also shown that head circumference is associated with
stunting and gross measures of neurological development(44).
Thus, more attention to pregnant women’s nutrients and

water intake is necessary to support fetal growth and develop-
ment. Water has a critical role in maintaining the body’s meta-
bolic activity, its contribution through cell volume homeostasis.
Changes in cell volume have important implications for

regulating the intake of nutrients and metabolic waste and affect
cell metabolism and gene expression(35, 38, 42).
This study was conducted during pregnancy, starting from

the screening period in the first trimester to observation in
the second, third trimester, and at birth. The small number
of subjects due to exclusion became one of this study’s limita-
tions. In addition, the study site only represents areas with
lower-middle economic characteristics. This study did not
measure the physical activity of pregnant women that can cor-
rect hydration status and oxidative stress. So, the possibility of
other factors such as physical activity, access to food and fluid,
clinical testing of the baby’s condition can provide an overview
of the impact of dehydration.

Conclusion

A total of 52⋅6 % of subjects experienced dehydration during
the pregnancy period. There are differences in water intake
levels between dehydrated and normal mothers. There were
differences in body weight and length, head circumference,
and chest circumference of the newborns among two groups
of pregnant women. There was a positive relationship between
hydration status and pregnancy outcome, indicated by the dif-
ference in birth weight and length, head and chest circumfer-
ence between two groups: 500⋅6 g and 0⋅4 cm, 0⋅8 cm and
1⋅4 cm, respectively.
It is recommended that mothers during pregnancy monitor

their health by routinely carrying out the weight and a simple
hydration status check and maintaining a pattern of intake of
food and drink by drinking 3⋅0 l per day. Further research
requires more subjects to observe the effects of chronic mater-
nal dehydration on pregnancy output using a cohort design that
longitudinally monitor the first six months of life. According to
the theory, six months of observation is necessary, suggesting
the first six months, especially the age of 8 weeks, as the golden
age for catching up, especially weight in babies(45).

Acknowledgments

All authors contributed to the interpretation of data and
approved the final manuscript.
The Indonesian Danone Institute Foundation fully funded

this study. The views expressed herein are those of the individ-
ual authors and do not necessarily reflect those of the
Indonesian Danone Institute Foundation.
There are no conflicts of interest.
EYM, HH, and DB who conceived and designed the stud-

ies, oversaw its implementation and contributed to the writing
of the manuscript. BIS who give advice in the field study, espe-
cially in pregnancy case and also writing manuscript for clinical
theory of pregnancy. IJ supported acquisition of data, contrib-
uted to the revision of the manuscript and data analysis. All
authors contributed to the interpretation of data and approved
the final manuscript.

References

1. Steenweg-de Graaff J, Tiemeier H, Steegers-Theunissen RP, et al.
(2014) Maternal dietary patterns during pregnancy and child

6

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
21

.5
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2021.59


internalising and externalising problems. The generation R study.
Clin Nutr 33, 115–121.

2. Procter SB & Campbell CG (2014) Position of the academy of
nutrition and dietetics: Nutrition and lifestyle for a healthy preg-
nancy outcome. J Acad Nutr Diet 114, 1099–1103.

3. Timmermans S, Steegers-Theunissen RP, Vujkovic M, et al. (2011)
Major dietary patterns and blood pressure patterns during pregnancy:
The generation R study. Am J Obstet Gynecol 205, 337.e1–337.e12.

4. Visentin S, Grumolato F, Nardelli GB, et al. (2014) Early origins
of adult disease: Low birth weight and vascular remodeling.
Atherosclerosis 237, 391–399.

5. Morrison JL & Regnault TRH (2016) Nutrition in pregnancy:
Optimising maternal diet and fetal adaptations to altered nutrient
supply. Nutrients 8, 342.

6. Lee YQ, Lumbers ER, Schumacher TL, et al. (2021) Maternal diet
influences fetal growth but not fetal kidney volume in an Australian
indigenous pregnancy cohort. Nutrients 13, 569.

7. Young MF & Ramakrishnan U (2021) Maternal undernutrition
before and during pregnancy and offspring health and develop-
ment. Ann Nutr Metab 1, 1–13.

8. Soma-Pillay P, Nelson-Piercy C, Tolppanen H, et al. (2016)
Physiological changes in pregnancy. Cardiovasc J Afr 27, 89–94.

9. Jéquier E & Constant F (2010) Water as an essential nutrient: The
physiological basis of hydration. Eur J Clin Nutr 64, 115–123.

10. Delpire E & Gagnon KB (2018) Water homeostasis and cell vol-
ume maintenance and regulation. Curr Top Membr 81, 3–52.

11. Patrelli TS, Gizzo S, Cosmi E, et al. (2012) Maternal hydration ther-
apy improves the quantity of amniotic fluid and the pregnancy out-
come in third-trimester isolated oligohydramnios: A controlled
randomized institutional trial. J Ultrasound Med 31, 239–244.

12. Schrier RW (2006) Body water homeostasis: Clinical disorders of
urinary dilution and concentration. J Am Soc Nephrol 17, 1820–1832.

13. Flack NJ, Waldo S, Sarah B, et al. (1995) Acute maternal hydration
in third-trimester oligohydramnios: Effects on amniotic fluid vol-
ume, uteroplacental perfusion, and fetal blood flow and urine out-
put. Am J Obstet Gynecol 173, 1186–1191.

14. Armstrong LE, Johnson EC, Munoz CX, et al. (2012) Hydration
biomarkers and dietary fluid consumption of women. J Acad
Nutr Diet 112, 1056–1061.

15. Maher MA, Sayyed TM & Elkhouly N (2017) Sildenafil citrate ther-
apy for oligohydramnios: A randomized controlled trial. Obstet Gynecol
129, 615–620, doi:10.1097/AOG.0000000000001928. Retraction in:
Obstet Gynecol. 2020 Apr;135(4):980. PMID: 28277352.

16. Ross MG & Desai M (2005) Gestational programming: Population
survival effects of drought and famine during pregnancy. Am J
Physiol Regul Integr Comp Physiol 288, R25–R33.

17. Wojszel ZB (2020) What Serum sodium concentration Is suggestive
for underhydration in geriatric patients? Nutrients 12, 496.

18. McKenzie AL, Muñoz CX, Ellis LA, et al. (2017) Urine color as an
indicator of urine concentration in pregnant and lactating women.
Eur J Nutr 56, 355–362.

19. Stuempfle KJ & Daniel GD (2003) Comparison of 3 methods to
assess urine specific gravity in collegiate wrestlers. J Athl Train 38,
315–319.

20. Ross MG, Desai M, Guerra C, et al. (2005) Prenatal programming
of hypernatremia and hypertension in neonatal lambs. Am J Physiol
Regul Integr Comp Physiol 288, R97–R103.

21. El-Sharkawy AM, Sahota O & Lobo DN (2015) Acute and chronic
effects of hydration status on health. Nutr Rev 73, 97–109.
doi:10.1093/nutrit/nuv038.

22. Mulyani EY, Hardinsyah, Briawan D, et al. (2017) Hydration status
of pregnant women in West Jakarta. Asia Pac J Clin Nutr 26, S26–S30.
doi:10.6133/apjcn.062017.s14.

23. Narayan B & Nelson-Piercy C (2016) Medical problems in pregnancy.
Clin Med (Lond) 16, s110–s116. doi:10.7861/clinmedicine.16-6-s110.

24. Brawarsky P, Stotland N, Jackson R, et al. (2005) Pre-pregnancy and
pregnancy-related factors and the risk of excessive or inadequate
gestational weight gain. Int J Gynaecol Obstet 91, 125–131.

25. de Jersey SJ, Nicholson JM, Callaway LK, et al. (2012) A prospect-
ive study of pregnancy weight gain in Australian women. Aust N Z J
Obstet Gynaecol 52, 545–551.

26. Gaillard R, Durmuş B, Hofman A, et al. (2013) Risk factors and
outcomes of maternal obesity and excessive weight gain during
pregnancy. Obesity (Silver Spring) 21, 1046–1055. doi:10.1002/
oby.20088. PMID: 23784909.

27. Trabulsi J & Schoeller DA (2001) Evaluation of dietary
assessment instruments against doubly labeled water, a biomarker of
habitual energy intake. Am J Physiol Endocrinol Metab 281, E891–E899.

28. Stookey JD, Constant F, Popkin BM, et al. (2008) Drinking water is
associated with weight loss in overweight dieting women independ-
ent of diet and activity. Obesity (Silver Spring) 16, 2481–2488.

29. Bennett JA, Thomas V & Riegel B (2004) Unrecognized chronic
dehydration in older adults: Examining prevalence rate and risk
factors. J Gerontol Nurs 30, 22–28; quiz 52-3. doi:10.3928/
0098-9134-20041101-09.

30. Hytten FE & Paintin DB (1963) Increase in plasma volume during
normal pregnancy. BJOG 70, 402–407.

31. McKinley MJ & Johnson AK (2004) The physiological regulation of
thirst and fluid intake. News Physiol Sci 19, 1–6.

32. Brown CH (2016) Magnocellular neurons and posterior pituitary
function. Compr Physiol 6, 1701–1741.

33. Malisova O, Athanasatou A, Pepa A, et al. (2016) Water intake and
hydration indices in healthy european adults: The european hydra-
tion research study (EHRS). Nutrients 8, 204.

34. Wilson MM & Morley JE (2003) Impaired cognitive function and
mental performance in mild dehydration. Eur J Clin Nutr 57, S24–S29.

35. Tanner JM (1978) Fetus Into Man (Physical Growth From Conception to
Maturity). Cambridge: Havard University Press.

36. Benelam B & Wyness L (2010) Hydration and health: A review.
Nutr Bull 35, 3–25.

37. Popkin BM, D’Anci KE & Rosenberg IH (2010) Water, hydration,
and health. Nutr Rev 68, 439–458.

38. Otoluwa A, Abdul S, Yasmin S, et al. (2014) Effect of moringa
Oleifera leaf extracts supplementation in preventing maternal
DNA damage. IJSRP 4, 1–4.

39. Sari AE, Hardinsyah & Ikeu T (2015) Effect of water intake on
sprague-dawley rat offspring’s linear growth. Pak. J Nutr 14, 436–439.

40. Shahnazi M, Sayyah Meli M, Hamoony F, et al. (2012) The effects
of intravenous hydration on amniotic fluid volume and pregnancy
outcomes in women with term pregnancy and oligohydramnios:
A randomized clinical trial. J Caring Sci 1, 123–128.

41. Roy-Clavel E, Picard S, St-Louis J, et al. (1999) Induction of intra-
uterine growth restriction with a low-sodium diet fed to pregnant
rats. Am J Obstet Gynecol 18, 608–613.

42. Khalil RA & Granger JP (2002) Vascular mechanisms of increased
arterial pressure in preeclampsia: Lessons from animal models. Am
J Physiol Regul Integr Comp Physiol 283, R29–R45.

43. Treit S, Zhou D, Chudley AE, et al. (2016) Relationships between
head circumference, brain volume and cognition in children with
prenatal alcohol exposure. PLoS One 11, e0150370. doi:10.1371/
journal.pone.0150370.

44. Sindhu KN, Ramamurthy P, Ramanujam K, et al. (2019) Low head
circumference during early childhood and its predictors in a semi-
urban settlement of Vellore, southern India. BMC Pediatrics 19, 182.

45. Bogin B (1988) Patterns of Human Growth, pp. 173–194, Cambridge:
Cambridge University Press.

7

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
21

.5
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2021.59

	Effect of dehydration during pregnancy on birth weight and length in West Jakarta
	Introduction
	Methods
	Design, place, and time
	Subject
	Data collecting
	Data analysis

	Results
	Subjects characteristics based on hydration status
	Differences between nutritional intake and water intake based on hydration status during pregnancy
	Dehydration effect on birth output

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


