Review Article

DOI: 10.18231/2455-1732.2018.0014

Physical physiological and biochemical changes during pregnancy
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Abstract

Pregnancy is associated various physiological changes in order to ensure care, support and protection of the
developing embryo and also prepare mother for labour and delivery. These changes influence all physical,
physiological, biochemical and immunological status of the mother. Normal physiological changes that are observed
include missed period, nausea, fatigue, motion sickness, mood swings, bloating, and tenderness in breast while
biochemical and immunological changes include change in levels of blood levels of certain parameters like urea,
creatinine, human chorionic gonadotropin, localisation of immune-modulators in uterus etc. This review highlights
the important changes taking place during normal pregnancy so that it may aid in educating the expectant mothers
regarding such changes facilitate them to cope up with proper health care.
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Introduction

Pregnancy refers to fertilization and developments
of one or more offspring i.e. embryo or foetus, in uterus
of woman. The expectant mother, during different
trimesters, is accompanied by a series of physical,
physiological and biochemical changes of which some
are temporary and some persists for certain time span
even after the termination of pregnancy while many
others are permanent. The changes occurring affect all
organs system of the woman’s body.! these changes
observed from the time of conception are necessary to

Table 1: Signs and symptoms of pregnancy

support and nourish the both the growing foetus and the
mother. Broadly, physiological changes occurring
during the pregnancy can be categorized as the local
changes which refers to the changes affecting
reproductive organ only and the systemic changes that
affects the entire body. Significant changes in hormone
levels can also be observed that alter the functions of
heart, lungs, kidneys and gastrointestinal system.?
various signs and symptoms of pregnancy are
elaborated in Table 1.

S. No. Signs and symptoms Time period
1 Mild cramping and spotting week 1 to 4
2 Missed period week 4
3 Fatigue week 4 or 5
4 Nausea week 4 to 6
5 Tingling or aching breasts week 4 to 6
6 Frequent urination week 4 to 6
7 Bloating week 4 to 6
8 Motion sickness week 5 to 6
9 Mood swings week 6
10 Temperature changes week 6
11 High blood pressure week 8
12 Extreme fatigue and heart burn week 9
13 Motion sickness week 5 to 6
14 Faster heartbeats week 8 to 10
15 Breast and nipple changes week 11
16 Acne week 11
17 Noticeable weight gain week 11
18 Breast and nipple changes week 11
19 Pregnancy glow week 12
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Pregnancy also known as gestation period that
usually lasts for 40 weeks, beginning from the first day
of the women’s last menstrual period. It is further
divided into three trimesters namely first, second and

third each with three months duration. Each trimester is
associated with different physiological changes listed in
Table 2.

Table 2: Normal physiological changes in all trimesters of pregnancy

First trimester

Second trimester

Third trimester

Fatigue Breast changes Fatigue
Breast tenderness Leg cramps Back pain
Increased urination Back pain Pelvic ache and hip pain

Fullness or mild aching in lower
abdomen

Pelvic ache and hip pain

Stretch marks and other skin
changes

Changes Observed In Pregnancy

Physical Changes

Fatigue: It refers to sensation of tiredness or overtired,
low energy level, drowsiness and sleepy state.
Headaches: Headaches are common and occur usually
due to hormonal and postural changes.® The other
possible causes of headache during pregnancy are lack
of sleep, stress, eyestrain etc. Sometimes, headache in
pregnancy are indicative of pre-eclampsia.* It can be
manages by drinking plenty of water, taking complete
sleep and seeking medical help if necessary.

Frequent urination: Frequent urge to void is also more
often observed. In such cases, plenty of fluids are
recommended to prevent dehydration.

Increased vaginal secretions: The vaginal secretions
are thin and milky. For better hygiene small pads with
cotton underwear should be worn in addition to having
regular cleanliness of genitelia. In case of presence of
itching sensation or frothy, smelly and colored
discharge medical help must seeked.

Light headedness: It may occur due to over fasting
therefore, regular meals in small quantity and regular
interval of time is necessary.

Physiological Changes

Endocrine System/ Hormonal Changes

Pituitary hormones: In pregnancy pituitary gland
enlarges due to hypertrophy of cells producing
prolactin.® The levels of LH and FSH drastically
decline due to the increased levels of oestrogen and
progesterone. ACTH, melanocyte stimulating hormone
and prolactin levels also increase. Similarly growth
hormone and oxytocin levels increase while ADH level
are unchanged during pregnancy.! However decrease in
osmolality due to low sodium level causes resetting of
osmo-receptors that facilitate anti-diuretic hormone
(ADH) and thirst.®

Thyroid and parathyroid gland: There is increase in
level of Thyroid binding globulin (TBG) due to high
oestrogen levels, resulting in increased level of T4 and
T3 over the first half of pregnancy. Serum
concentrations of TSH are decreased in the first
trimester. TSH production is stimulated after the first
trimester. Increase in TSH is may indicate iodine
deficiency or subclinical hypothyroidism which is
mostly found in women with pregnancy. Therefore

WHO has recommended an increased intake of iodine
during the time of pregnancy (around 100-200
mg/day).” The iodine level should be maintained in
pregnancy. so that there is production of adequate
amount of thyroid hormones to fulfil the increased
demand of pregnhancy. The gland must be routinely
investigated for the presence of goitre, as the size of
gland enlarges by 25% in patients with iodine
deficiency. Similarly the need for calcium is also high
to ensure proper growth of foetus. The calcium needs
doubles by 12" weeks of gestation. Serum calcium
levels in maternal circulation are maintained by
parathyroid hormone and calcitonin via changes in
intestinal absorption.®

Adrenal Gland: Adrenal gland produces
mineralocorticoids, glucocorticoids and androgens.
Stimulation of rennin angiotensin aldosterone (RAA)
system causes 3 folds and 10 folds increase in
aldosterone level in first and third trimester
respectively.® Levels of cortisol, corticosteroid binding
globulin and adrenocorticotropic hormones also
increase which can be manifested by signs like stria,
increased blood pressure, facial plethora and impaired
glucose tolerance.'® Cortisol favours lipogenesis and fat
storage. Cortisol is also a hyperglycaemic hormone
causing increase in blood sugar level.!!
Cardiovascular System Changes: The cardiac output
first increases by 20% till 8" week of gestation, that
further rises upto 40% and maximum increase is
observed at 20-28™ week of gestation. There is further
increase in cardiac output, stroke volume and heart
rate.* In the first two trimesters, blood pressure is lower
than normal but it returns to normal in the third
trimester. There is an increased risk of pulmonary
oedema, if there is increased pulmonary capillary
permeability secondary to pre-eclampsia. The
cardiovascular changes are mediated by nitric oxide,
estradiol and prostaglandins*

Respiratory System Changes: The respiratory
changes observed are increased tidal volume (by
200ml), increase in vital capacity and decrease in
residual volume. In later stages of pregnancy, there may
be decrease in tidal volume due to splinting of the
diaphragm. There is a significant increase in oxygen
demand during normal pregnancy due to increased
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metabolic rate. There is a state of compensated
respiratory alkalosis preventing changes in Ph.! Lower
maternal pCO. facilitates oxygen/carbon dioxide
transfer to/from the foetus. Many women complain of
feeling short of breath in pregnancy without hypoxia or
explanatory pathology.*?

Alimentary System Changes: Nausea and vomiting
are common in early pregnancy. Gums become spongy,
friable and prone to bleeding. The gastrointestinal
motility is reduced and the transit time is consequently
longer. This also allows for the increased nutrient
absorption. Constipation is also common in some
cases.’® Growth of uterus displaces stomach slightly
upward causing increased intra-gastric pressure and
decreased oesophageal sphincter tone that predisposes
nausea and vomiting.!4

Urinary Tract Changes: Glomerular filtration rate
(GFR) and renal blood flow increases by 50-60%
during pregnancy with the increase level of blood
volume and cardiac output. Increased GFR causes
increased excretion and reduced blood levels of urea,
creatinine, uric acid and bicarbonate. The smooth
muscle in renal pelvis and ureter are relaxed and
dilated. Also, the kidneys increase in size and ureters
become longer, more curved and with an increase in
residual urine volume. The risk of urinary tract
infection increases as the smooth muscle of urinary
bladder relaxes with increase in its capacity. Up to 30%
pregnant women may develop acute pyelonephritis
(kidney infection).®

Haematological Change: Effects of oestrogen and
progesterone on kidneys results in increased plasma
volume by around 45%. These hormones stimulate
rennin release thereby activating RAA system leading
to retention of sodium and water. Increase in level of
erythropoietin increases the total red cell mass by 20%
till the end of the second trimesters but haemoglobin
concentration does not show such drastic changes, since
compared to plasma volume increase in red cell mass is
comparatively small.®®* This may be termed as

Table 3: Key physiological changes in pregnancy

physiological anaemia induced by pregnancy. The
platelet count tends to fall during pregnancy. However,
there is no change in mean corpuscular volume and
mean corpuscular haemoglobin concentration. During
pregnancy the serum iron level falls and total iron
binding capacity increases. Clotting factors (like VIII,
IX, X) and fibrinogen increase while fibrinolytic
activity decreases thereby producing hyper-coagulable
state.!

Metabolic Changes: The metabolic rate increases
slowly over the course of pregnancy by 15-20%.
Though it is assumed that there is no significant
increase in the requirement of energy during the first or
second trimesters, it is increased by around 200kcal per
day in the third trimester. Normal weight gain in
pregnancy is 11.4 to 15.9 kg for a woman of normal
body mass index (BMI) of which approximate 5 kg is
the foetus, placenta, membranes and amniotic fluid and
the rest mass is of maternal stores of fat and protein and
increased intra-and extra-vascular volume.'

Pregnancy is considered diabetogenic state. There
is hyperplasia of pancreatic B cells causing high insulin
level, increase in insulin sensitivity at early stage of
pregnancy followed by insulin resistance in second and
third trimester. These effects are mediated by
diabetogenic hormones like placental lactogen,
prolactin, growth hormone, cortisol and progesterone.
They interfere with insulin signalling and induce insulin
resistance. However fasting glucose remains low due
to:

1. Increased glycogen storage
2. Decreased hepatic glucose formation
3. Increased use by foetus.*®

Serum lipids like cholesterol, low density
lipoprotein (LDL), high density lipoprotein (HDL) and
triglycerides are increased. LDL is important for
placental steroidogenesis. Amino acids are also actively
taken up by growing foetus. Protein catabolism
decreases as stored fat are used as energy source.'®

S. No. Systems Changes

1 Hematological system 1Blood cells, 1Clotting factor, 1Fibrinolytic activity, Iron
deficiency and anemia

2 Cardiovascular system Tachycardia, TCardiac output, tHeart rate, 1Stroke volume

3 Respiratory system Superior displacement of diaphragm, 1Functional reserve
capacity, TRisk of apnea and dyspnea, hyper-ventilation

4 Gastrointestinal system | Nausea, Vomiting, Heat burn and acidity

5 General Mode and behavioral changes, increased nutritional demands

Immune System

There is alteration immune function during
pregnancy in order to protect both mother and foetus
from infections or immunological attack. Some factors
associated with adoptive immunity such as T and B
lymphocytes, production of TH1 and TH2 cytokines
from naive CD4 T cells etc. are reduced while some

specific aspects of innate immune system like natural
killer (NK) cell dendritic cell and monocytes are
exacerbated.'® During pregnancy the variant of NK cell,
also called uterine NK (uNK) cells concentrate in uterus
and are implicated to have important role in
implantation, remodelling of spiral arteries and
trophoblast invasion. Type 2 cytokines (IL-4, IL-5, IL-
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10, I1L-13) produced by uNK cells have protective role
for foetus.®® Dysregulation in  immunological
mechanisms can result in complications of pregnhancy
like pre-term birth or miscarriage.?!

Biochemical Changes in Pregnancy

Reduction in serum sodium: Increase in water and
sodium retention and increase in plasma volume results
in reduction of serum sodium by 3-5 mmol/I.?
Reduction in serum creatinine and urea: The
glomerular filtration rate increases by up to 50% due to
the increase in renal blood flow.'* Therefore, compared
to the non-pregnant women, there is increased clearance
of urea and creatinine in pregnant women resulting in
lower serum concentration of these analytes.??

Reduced serum osmolality: During pregnancy, serum
osmolality decreases due to increase in blood volume. It

Table 4: Biochemical changes in pregnancy?

may reach its lowest level during the 10 week of
gestation.?324

Changes in glucose tolerance: In pregnancy there is a
change in glucose tolerance during the different
trimesters. The glucose tolerance in pregnancy is
directly proportional to the glucose load or intake of
glucose. In early pregnancy, glucose tolerance is
normal and the secretion of insulin is based on the
glucose load.?®

Changes to fasting blood glucose: Generally, the
fasting blood glucose level falls by 10-20% during the
early stages of pregnancy.?® The hepatic glucose
production increases during the first, second and third
trimester of pregnancy which helps to meet the energy
need of growing foetus.

Parameters In normal Pregnancy Normal values (pregnancy)
Hemoglobin Decreased 10.5-13g/dL
WCC(White cell count) Increased 8-18 x 109 /L
Sodium Slightly decreased 132-140mmol/I
Potassium Slightly decreased 3.2-4.6mmol/|
Urea Decreased 1.0-3.8mmol/l
Creatinine Decreased 40-80mu mol/I
Fasting glucose Unchanged 3.0-5.0mmol/I
Serum Calcium Decreased 2.0-2.4mmol/l
Magnesium Unchanged 0.6-0.8mmol/I
Albumin Decreased 24-31g/
Bilirubin Decreased 3-14mu mol/l
ALT Unchanged or slightly 1-30 u/l

decreased
AST Unchanged or slightly 1-21 u/l

decreased
ALP Increased 125-250 u/l
TSH Slightly decrease in the first 0.1-4.0 iu/l
(Thyroid stimulating hormone) trimester, normal in the

second trimester slightly raise
in third trimester
FTa Unchanged 10-20 pmol/I
FTs Unchanged 3.5-6 pmol/l
Conclusion 3. Menon R, Bushnell CD. Headache and pregnancy.

Pregnancy is a state accompanied by various
physiological, biochemical and physical changes in all
three trimesters. We must be aware of various changes
occur during normal pregnancy so that necessary timely
precautions or measures may take in case if there is any
deviation from the normal changes in order to prevent
the loss of pregnancy.
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