This lecture covers the physiology of pregnancy.

The physiological changes of pregnancy affect almost every function of the body. All of these changes serve to create a favorable environment for the developing fetus.

The physiologic changes during pregnancy regulate maternal metabolism and promote fetal growth. They also prepare the mother for labor and delivery, as well as lactation.

Blood volume increases by 50%. This protects the mother in case she experiences excessive blood loss at delivery. Women with low increases in blood volume are at risk of poor pregnancy outcome.

A number of lab values are affected by pregnancy. Due to the expanded blood volume, hemoglobin, hematocrit, serum albumin, and other water soluble constituents are diluted and, thus, are lower than in the non-pregnant state. 
Lipids and fat soluble vitamins increase due to increased steroid hormones.

The heart enlarges slightly due to increased blood volume and cardiac output. Pulse rate increases due to increased blood flow and heart palpitations are common.

Blood pressure drops in early pregnancy because of the effects of pregnancy hormones on the smooth muscle of the blood vessels. The walls of the blood vessels are more relaxed; this results in peripheral vasodilation. By the third trimester, blood pressure has risen back to at least prepregnancy levels.  

The tendency for blood clotting increases during pregnancy. Thus, pregnant women are more vulnerable to thrombosis, blood clots.

Oxygen requirements increase due to increased basal metabolic rate. Thus, respiration increases.

There is increased blood flow through kidneys due to increased blood volume. Glucose may appear in the urine simply because the kidneys cannot reabsorb everything due to the volume they are being offered.

The gastrointestinal track experiences decreased tone and motility due to progesterone’s effect on smooth muscle. This can cause the pregnant woman to experience esophageal reflux or heartburn, delayed gastric emptying which gives a feeling of fullness, reverse peristalsis which results in vomiting, and constipation which can lead to hemorrhoids.

Abdominal pressure by the uterus displaces and compresses intestines, also contributing to constipation and hemorrhoids. Pregnant women are more vulnerable to gallbladder problems due to a sluggish gallbladder and slight hypercholesterolemia or high cholesterol. Gallstones develop partially because there is too much cholesterol in the bile. Pregnant women experience decreased taste acuity and altered taste sensation. This may be a mechanism for increasing salt intake because pregnant women need more salt than non-pregnant women.

More than 30 different hormones affect pregnancy. Some are secreted only during pregnancy; others are normally present but may increase during pregnancy, such as estrogen and progesterone.

Progesterone relaxes smooth muscle so the uterus can expand. Consequently, it relaxes all smooth muscle in the body, such as the GI track and the walls of the blood vessels, causing some of the adverse gastrointestinal effects. Progesterone also causes the woman’s body to deposit more fat.

Estrogen promotes growth and function of uterus. It also causes body tissues to hold more water. Thus, total body water is increased. Connective tissue takes on more water and this causes it to soften. This is a good thing for the birth process. However, the mother needs to be careful to protect her joints during athletic activity – she is more likely to dislocate a joint than in non-pregnant times.

Thyroxine speeds up the mother’s basal metabolic rate. This increases oxygen and nutrient use. Thus, both respiration and appetite are increased.

Insulin plays an important role during pregnancy. The fetus uses primarily glucose to meet its energy needs. The mother experiences insulin resistance in the last trimester to leave more glucose for the growing fetus. Several pregnancy hormones have an antagonistic effect toward insulin.

The BMR increases starting in 4th month of gestation and returns to normal within days of birth. The mother is generating more heat and the peripheral vasodilation helps release the excess heat of metabolism. Another effect of increased metabolism is easy fatigue and the need for more sleep.

Pregnant women use calories very efficiently. This is especially true for women exposed to food shortages.  Pregnant women in affluent countries increase calories by a much higher percentage than women in poor countries; yet women in poor countries reproduce with amazing success.

Let’s address metabolism of specific nutrients, starting with carbohydrate. During the first half of pregnancy insulin levels are high and lots of glucose is being converted to glycogen and fat for storage. Then during the second half of pregnancy, when the baby is bigger and needs more glucose, the mother experiences insulin resistance; not as much glucose is getting into her cells. She stops making so much fat and glycogen and starts using up fat she stored during the first half of pregnancy. She isn’t using as much glucose and, in fact, starts making more glucose in her body; this is called gluconeogenesis.  All of these changes ensure a good supply of glucose for the fetus.

A pregnant woman goes into fasting metabolism faster than when nonpregnant. This means she may develop ketosis after an overnight fast. Research on pregnancies of type 1 diabetics has shown that prolonged ketosis reduces fetal growth and impairs intellectual development.

About 2 pounds of protein are accumulated during pregnancy by the fetus and maternal tissues, such as breast and uterine tissue. This is 32 ounces over the 280 days of pregnancy. This is about a tenth of an ounce a day – not even an extra mouthful of a protein food. Most women are already eating enough protein to support a multifetal pregnancy. Of course, this 2 pounds of protein comes from the mother’s diet, unless she is very malnourished; in that case, it would come from her body protein stores.

The mother stores a lot of body fat during the 1st half of pregnancy; then she breaks it down, or experiences lipolysis, in the second half. The mother is breaking down fat for her own energy needs to save her glucose for the fetus.

The mother’s lipid profile is altered to the point that is looks atherogenic, like it could damage her arteries, by the 3rd trimester. Triglycerides and cholesterol are high. The lipid profile of pregnancy can’t be changed by changing the diet.
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The placenta is a network of tissue and blood vessels to support the baby while in utero. It weighs about 1.4 pounds at birth.

The placenta has multiple villi to transfer nutrients and oxygen and remove waste products. It has a uterine side and a fetal side. Maternal and fetal tissues and vessels are intertwined, but their blood never mixes – their blood is separated by membranes.

Nutrients are transferred across the placental membranes in all of the usual ways - simple diffusion, facilitated diffusion, active transport, and endocytosis; it depends on the particular nutrient and concentrations of the nutrient in the maternal blood vs the cord blood. Most whole proteins do not cross placenta; this protects the fetus from foreign protein that could be toxic.

Respiratory exchange across the placenta depends on blood flow through uterus to placental villi. If the placenta is small or if there are placental infarcts (damaged places), not as much oxygen will be delivered to the baby. This contributes to low birth weight. 

Mothers who have smoked for more than 6 years prior to becoming pregnant have significantly increased risks of placenta previa, abruptio placentae, and large placental infarcts.

This slide shows a placental infarct. It results from the interruption of blood supply to a part of the placenta, causing its cells to die. Small placental infarcts are considered to be normal at term. Large placental infarcts are associated with vascular abnormalities. Very large infarcts lead to placental insufficiency and may result in fetal death.
Placentas of malnourished mothers are smaller and weigh less; they have reduced villous mass and surface area. Did you know it’s trendy to eat your own placenta? Animals do it. It is rich in nutrients, but eating the placenta also gets rid of the evidence of a birth and decreases the chance a predator will eat your babies. I ran across this placenta cookbook on Amazon. People who eat their placentas think it’s going to give them energy, increase the flow of breast milk, and help their hormones get back to normal. My craziest daughter asked me if I would cook hers up if she had another baby. I’m out!


