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ABSTRACT

SERUM LEAD LEVELS DURING PREGNANCY - A CROSS

SECTIONAL STUDY (DESCRIPTIVE OBSERVATIONAL STUDY)

Background and objective

Serum lead levels increase during pregnancy and may affect health of

pregnant women and fetus. This study was aimed to know the serum lead levels

during early, mid and late pregnancies as well as its association with maternal

outcomes like anemia and hypertension in pregnant women.

Methodology

The present cross sectional study (descriptive observational study) of two

year duration was carried out in the Department of Obstetrics and Gynaecology,

attached teaching hospital, KLE University’s Jawaharlal Nehru Medical College,

Belgaum. A total of 32 pregnant women were studied for serum lead levels and

haemoglobin levels.

Results

The average age of the study population was 22.00 ± 3.10 years. The

gestational age in 13 (56.25%) women was 13 weeks and 23 (71.88%) women

reported gravida 1. During the early pregnancy, all the 32 women (100%) had

serum lead levels less than 10. During mid and late pregnancy, 3 (9.37%) and 11

(34.37%) women had serum lead levels of > 10 The mean serum lead levels

showed an increasing trend from early pregnancy (2.87 ± 1.61) to late pregnancy

(8.59 ± 8.33). At early pregnancy, 19 (59.38%) women were anaemic while in

mid and late pregnancy anaemia was present in 24 (75%) and 30 (93.75%)
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women respectively. The mean haemoglobin levels reduced as the pregnancy

progressed. The correlation of anaemia and mean serum lead levels in mid and

late pregnancy showed significant rise in mean serum lead levels with severity of

anaemia (p<0.050).

Conclusion and interpretation

The serum lead levels in pregnant women increase with duration of

gestation and are associated with anaemia.

Keywords:

Anaemia; Gestational hypertension; Preeclampsia; Serum lead levels;
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INTRODUCTION

The concentration of lead is increasing in environment due to industrialization

and mining, so it is found more in air, water, soil and also a contaminant in humans. It

is known that lead has no known physiological function.1 It is a well known

environmental and industrial toxin with a wide range of toxic effects.2 It is known to

cause harmful effects on major human organs including the reproductive system.3

Pregnancy is most vulnerable period to toxic substances. During pregnancy

the effect of toxic substances like lead is more. Blood lead levels increases during

pregnancy either from endogenous source (bone saved) or from environmental

pollution and it effects health of pregnant women as well growing fetus.4

Continuous or recurrent exposure to toxic metals even in low concentrations

during pregnancy, which can accumulate in the body will generally lead to significant

damage to fetal development and maternal morbidities like anemia, preeclampsia and

gestational hypertension.5 Once lead is in blood stream, it enters fetus through

placenta and effects fetal developing bone and other organs. Lead causes vascular

endothelium damage and endothelial dysfunction is mediator of gestational

hypertension.4

Increased bone turnover seen during pregnancy and lactation causes

mobilization of bone lead stores especially in women with history of prior lead

exposure.4

Recurrent or chronic exposure to high lead levels causes increase in arterial

blood pressure of humans. This may result in maternal morbidities such as
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miscarriage, pregnancy induced hypertension or preeclampsia, defects in

hematopoietic system, cognitive decline, renal impairment. It also effects

anthropometric measures and associated with fetal low birth weight and preterm

labor.6

Numerous sources of lead are available in environment such as dust pollution,

air pollution and soil pollution from leaded gasoline, paint, paint chips from older

houses, plumbing and water supplies from lead pipes, cooking in leaded pots, use of

cosmetics like surma and many other sources. It is difficult to avoid exposure to lead

due to its widespread distribution in environment. Environmental lead is directly

absorbed in the body either through respiration to lungs or by ingestion of substances

contaminated with lead to gastrointestinal tract.

Primary biomarker used to calculate individual’s lead burden levels in body is

blood lead concentration or serum lead level.7

Blood lead levels < 5 µg/dL is considered normal. Blood lead levels between

5 µg/dL and 10 µg/dL requires follow up. Blood lead level greater than 10 µg/dL are

managed with environmental assessment and abatement of exposures. Chelation

therapy is considered in individuals with blood lead levels greater than 40 µg/dL.

Lead levels more 70 µg/dL is considered as medical emergency.6

Lead poisoning remains an important public health problem in both developed

and developing countries. It is considered to be one of the most difficult health issues

during pregnancy. Prenatal lead exposure has known adverse effects on maternal

health and fetal outcome depending on maternal serum blood lead levels. Maternal

blood lead levels ≥ 10 µg/dL causes number of adverse outcomes in women like
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anemia, infertility, miscarriage, hypertension and preterm delivery. However there is

lack of direct association between maternal lead levels and some of the adverse

pregnancy outcomes.8,9

Various studies have shown that there is a significant decrease in lead blood

lead levels from 12 weeks to 20 weeks of gestation and significant increase in blood

lead levels from 20 weeks to parturition, because of increased bone turnover and

increased intestinal absorption during this period. Increased bone resorption occurs

during pregnancy to accommodate the mineral needs of the fetus, which may lead to

transient increase in serum lead levels.10

In 2010, the Centers for Disease Control and Prevention issued the first

guidelines regarding the screening and management of pregnant and lactating women

who have been exposed to lead.11

However little information is available about the blood lead levels in

pregnancy due to the scarcity of data in the literature especially in south Indian

population. Hence the present study was undertaken to know serum lead levels during

early (10-14weeks), mid (24-28weeks) and late (32-36weeks) pregnancies and its

association with maternal outcomes like anemia in pregnant women.
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OBJECTIVES

The objectives of the present study were;

Primary

To know the blood level of lead during pregnancy.

Secondary

To find out is there an association between blood lead level and adverse

maternal outcomes (anemia and hypertension).
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REVIEW OF LITERATURE

Lead exposure remains a major public health problem for in women of

childbearing age, in developing fetus and in nursing infant. Prenatal lead exposure has

severe adverse effects on maternal health, infant outcome and neuro-developmental of

child. Bone lead stores are mobilized during increased bone turnover seen in

pregnancy and in lactating women with history of prior lead exposure, which is a

concern since lead released into maternal blood and breast milk can adversely effect

the fetus and newborn.12

Certain subgroup populations of women who are at increased risk for lead

exposure have been identified. Some of the subgroups are as following: workers in

lead factories, paint factories, lead pipe factories, recent immigrants from areas where

lead contamination is high; and those group of women practicing certain habits

associated with lead exposure, such as pica (Eating non-food substances such as soil)

or renovation of older homes, Women who consume water contaminated with lead,

Coking in lead glazed ceramic pottery, people taking herbal products/medications.12

Sources of Lead Exposure

Lead paint is a one of the primary source of lead exposure and the major

source of lead toxicity. Drinking water, lead-glazed ceramics, food eaten or stored in

containers painted with lead-based paint will contain significant amounts of lead.

Ayurvedic remedies and  products from India, China, and other parts of Asia may be

potential sources of lead exposure. Workers in certain occupations such as working in

lead pipe factories, paint factories are also exposed to high levels of lead. Lead

exposure occurs during the manufacture of batteries, lead sheets, some brass and
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bronze plumbing, ceramic glazes, circuit boards, military equipment (military tracking

systems,  jet turbine engines), intravenous pumps, fetal monitors, and some surgical

equipment. Construction workers and farmers working with pesticides are known to

have a high risk for lead exposure.12

Toxicology of Lead Absorption and Storage

Lead is man made source of environmental pollution which contributes to

exposure in post-industrial era. Pre-industrial Native Americans living in the United

States 700-1,000 years ago are estimated to have blood lead levels of 0.016 µg/dL.

These lead levels are 50-200 times lower than those individuals living in remote

regions of the Himalayas with no known lead exposure (0.78- 3.2 µg/dL) was

reported currently. On the other hand, children with lead toys or soil dust exposure

can have blood lead levels as high as 90 µg/dL.13

Bone levels in pre-industrial skeletal remains indicate that current body lead

burdens are 500-1,000 times greater than the individuals with pre-industrial exposure

to lead.14

Lead exposure occurs mainly through the respiratory and gastrointestinal

tracts. Approximately 30-40% of inhaled lead is absorbed into the bloodstream.15

Gastrointestinal absorption varies depending on nutritional status and age. Iron

is believed to impair lead uptake in the gut, while iron deficiency is associated with

increased blood lead concentrations in children and pregnant women.16

Increased intakes of magnesium, phosphate, alcohol, and dietary fat have also

been shown to decrease gastrointestinal absorption of lead.17,18
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Gastrointestinal absorption of lead is more in infants. Infants can absorb up to

50% of lead ingested from food, water, contaminated dust, or soil and adults absorb

only 10-15%.19

Inorganic lead (food, paint, water, toys, vinyl products) is minimally absorbed

through the skin, but tetraethyl- or alkyl-lead (leaded gasoline) which is still legally

allowed in aircraft, watercraft, and farm machinery, is well absorbed through the

skin.20

Once lead is absorbed in circulation, 99% of lead is bound to erythrocytes for

approximately 30-35 days (only one percent of absorbed lead is found in plasma and

serum) and is transferred to the soft tissues – like liver, renal cortex, aorta, brain,

lungs, spleen, teeth, and bones – over 4-6 weeks. Due to the short half-life of

erythrocytes (35 days) in the bloodstream, blood lead levels cannot be used to

diagnose or rule out the amount of exposure that occurred more than six weeks prior

to testing.21

In adults approximately 80-95 % of retained lead is stored in the bone, while

in children approximately 70 % is stored in bone, resulting in more soft tissue lead in

children compared to adults.15

Lead is stored in bone and its estimated half-life is for a period of 20-30 years,

including the bone turnover that occurs in childhood and also in adolescence. There is

evidence to suggest that by the seventh decade of life, more than one-third of bone

mass contains lead which has been acquired in childhood and adolescence.22

Lead in bone appears to increase significantly with age, due to  slow turnover

and release of lead from bone. Mean bone lead concentrations for adolescents have



Review Of Literature

Page 8

been measured at 3 µg/g, concentrations for adults at 30-50 years is 17 µg/g and at

age more than 75 years is 30 µg/g.23

Storage of lead in different compartments of bone is also an age-dependent

process. During infancy and childhood, lead is deposited in trabecular bone because it

is the most active site of remodeling; whereas, in adults lead is deposited in both

trabecular and cortical bone.24

By adulthood most of the lead burden which is stored in cortical bone, teeth

and also in trabecular bone is partially released back into the bloodstream and soft

tissues by diffusion and resorption.25

Bone lead can contribute to elevated blood lead levels long after the exposure

no longer exists.26

Situations that increase bone turnover, such as pregnancy, lactation,

postmenopausal women, hyperthyroid women and in women undergoing cisplatin

chemotherapy have been shown to increase blood lead levels as a result of the

mobilization of bone stores.12

Bone lead is also readily transferred to the fetal skeleton through placenta

during pregnancy.12

Inorganic lead is not metabolized in liver but is excreted unchanged mainly in

urine. The mechanisms for fecal excretion of absorbed lead are not clearly

understood. However about one-third of absorbed lead by fetus is excreted in the form

of, secretion into bile, gastric fluid and saliva.21
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Organic or alkyl-lead, (leaded gasoline, also identified as tetraethyl- and

tetramethyl-lead) undergoes oxidative dealkylation into highly neurotoxic

metabolites, triethyl- and tri- methyl-lead.27 In the liver, the oxidative reaction is

catalyzed by a cytochrome p450-dependent monooxygenase system.28

Lead is also known to be excreted through nails and sweat in subjects

undergoing sauna therapy, there is significant losses of lead in sweat as compared to

their urine levels.29,30

Understanding Lead Toxicity

Diagnosis and monitoring blood lead concentrations is the most commonly

accepted and easily available biomarker for lead exposure. There is an agreement

among the CDC, the Agency for Toxic Substances and Disease Registry and the

Environmental Protection Agency, that lead is an unique toxicant and that there is no

toxic threshold for lead. This means that any amount of lead in the body is harmful.12

The EPA ( United States Environmental Protection Agency) has listed a

Maximum Contaminant Level Goal (MCLG) of zero ppb ( parts per billion ) for lead

in water and states that low level exposure of lead causes adverse health effects like

interfering with red blood cell chemistry, delay in normal physical and mental

development of infants and young children, deficits in attention span, deficits in

hearing, learning abilities in children and mildly increases the blood pressure in some

adults. Even low blood lead levels can cause changes in blood enzymes and in-turn

effecting neurobehavioral development in children.12

Current excessive exposure guidelines developed by the CDC (Center for

Disease Control and Prevention) and the American Pediatric Association (APA)
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consider blood lead levels ≥10 µg/dL to be excessive for infants, children and women

of childbearing age. Occupational exposure is hazardous when worker’s blood levels

exceed 30 µg/dL. In occupational settings effort is made to reduce air lead levels to

limit exposure to the blood lead levels so that lead levels do not exceed 60 µg/dL.31

Decrease in production of leaded gasoline and lead- contaminated paints

contributed to decrease in mean blood lead levels in the United States. Between 1976

and 1980, children ages 1-5 years had a mean blood lead level of 15.0 µg/dL;32

By 1999 the mean blood lead level had dropped to 1.9 µg/dL. Current mean

blood lead levels in United State adults aged between 20 to 59 years as estimated by

the National Health and Nutrition Examination Surveys (NHANES) III 1999-2002 are

1.5 µg/dL (95% CI, 1.5-1.6). Blood lead concentrations are highest in the strata that

includes adults of age 60 years and older (2.2 µg/ dL; 95% CI, 2.1-2.3).33

Biomarkers of Hematological Toxicity Lead is a divalent cation. It has a

strong binding capacity for sulfhydryl proteins and creates interference with enzymes

and structural proteins. This is the most known cause for interference with the heme

synthetic pathway, specifically the enzyme delta-aminolevulinic acid dehydratase

(delta-ALAD; ALAD). Interference with heme production and sub- sequent reduction

of the heme body pool is one of the main causes of lead-related pathology in anemia.

When whole serum lead levels exceed 20 µg/dL, the activity of ALAD is inhibited by

50 %. However, ALAD activity may also be impaired in porphyria, liver cirrhosis and

alcoholism. In addition, ALAD levels cannot be used to diagnose degrees of lead

toxicity because the correlation between serum lead levels and ALAD is not linear.34
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Inhibition of delta-ALAD prevents aminolevulinic acid (ALA) from being

converted to porphobilinogen, inhibiting incorporation of iron into the protoporphyrin

ring. The result is reduced heme synthesis, both for hemoglobin and for cellular

respiration, contributing to the fatigue and anemia seen in chronic lead toxicity. In

addition, inhibiting this enzyme results in increased circulating levels of ALA, leading

to decreased GABA release in the central nervous system (CNS). This may explain

some of the behavioral disorders seen in both porphyria and lead toxicity.35

Human ALAD has been shown to be a polymorphic enzyme with two

common alleles, ALAD1 and ALAD2. The genetic polymorphism resulting in the

expression of the ALAD2 allele appears to increase susceptibility to lead toxicity.

Studies in various populations with lead exposure have found consistent relationships

between the ALAD2 allele and elevated levels of blood and bone lead.36

A marked increase in urinary excretion of aminolevulinic acid (ALA), the

substrate that accumulates as a result of decreased ALAD, has been used in the past as

a marker for lead toxicity, but can be detected only when serum lead levels exceed 35

µg/dL in adults and 25-75 µg/dL in children. It is, therefore, not a useful biomarker in

low-level toxicity.37

Anemia due to glucose-6-phosphate dehydrogenase (G6PD) deficiency is also

known to increase the susceptibility to lead toxicity.12

Ferrochelatase, the enzyme that catalyzes the insertion of iron into

protoporphyrin IX, is also impaired by lead resulting in increase of the substrate

erythrocyte protoporphyrin (EP) when bound to iron and increase in zinc

protoporphyrin (ZPP) when bound to zinc. Although these are used to diagnose acute
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lead toxicity, these elevations do not appear in the blood until lead levels reaches 35

µg/dL. The threshold for EP or ZPP is 30 µg/dL in adults and 15 µg/ dL in children.12

Another limitation for using EP levels to assess lead exposure is that other

diseases or conditions such as porphyria, liver cirrhosis, iron deficiency, and

alcoholism may also produce similar effects on heme synthesis.12

Lead can also impair the activity of pyrimidine 5’- nucleotidase, increasing the

pyrimidine nucleotides in red blood cells and preventing the maturation of erythroid

elements, which leads to decreased red blood cell counts and eventually anemia.

Hemoglobin levels do not start to decrease as a result of lead exposure until blood

lead levels are 50 µg/dL for adults and 40 µg/dL for children. A potential biomarker

for the hematological effects of lead is the observation of basophilic stippling and

premature erythrocyte hemolysis. This effect, however, can occur in other toxicant

exposures, including benzene and arsenic, and in a genetically-induced, enzyme-

deficiency syndrome.12

Basophilic stippling and microcytic or normocytic, hypochromic anemia only

occur after significant levels of exposure at blood lead levels over 50 µg/dL in adults

and 25-40 µg/dL in children. Neither basophilic stippling nor hypochromic anemia

are indicators of low level exposure.12

Bone Lead

Lead is considered to be stored in one of two compartments in the bone – the

exchangeable pool at the bone surface and the non-exchangeable pool deeper in

cortical bone. Lead can readily enter the plasma from the exchangeable pool, but can

only leave the non-exchangeable pool and move to the surface of the bone when bone
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is actively being resorbed. A study of lead-stable isotope signatures revealed that

approximately 40-70% of blood lead in adults comes from bone lead.37

During pregnancy about 10-88% of blood lead may come from bone due to

increased mobilization of bone during pregnancy. In the same study, the author

concluded that approximately 80% of cord blood may result from liberated bone lead

in the mother.12

Mobilization of bone during pregnancy may contribute not only to increased

blood lead levels in pregnancy, but also during lactation. The same phenomenon of

fetal exposure from maternal bone has been documented in primates where 7-39% of

the maternal lead burden transferred to the fetus appeared to have been derived from

lead in the maternal skeleton.12

Lead appears to have an osteoporotic effect in bone according to NHANES

data from 1988-1994, bone mineral density alone was inversely correlated with blood

lead levels in women age. 12

Menopause appeared to compound the problem; lead levels were 25-35%

higher in both natural and surgical menopause.39 Cortical bone lead, currently

measured by x-ray fluoroscopy (XRF) is considered a sensitive biomarker for

cumulative lead exposure and correlates well with historical rather than current blood

lead measurements which do not reflect total body burden as measured by bone

stores.40

Both EDTA mobilization testing and bone XRF are considered the most

consistent and sensitive tools for assessing body lead burden.12
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Lead is stored in soft tissues; autopsy studies show the liver as the largest

repository of soft tissue lead (33%), followed by renal cortex, renal medulla, pancreas,

ovary, spleen, prostate, adrenal gland, brain, fat, testis, heart, and skeletal muscle.

Though there is a high turnover rate of lead during the life time, the lead levels in soft

tissues appear to be relatively constant.12

Toxic Effects of Lead

Lead toxicity affects the central and peripheral nervous systems, renal function

and the vascular system. The toxic effects of lead vary greatly, manifesting as subtle

changes in neurocognitive function in low-level exposure or as the potentially fatal

encephalopathy due to acute lead poisoning. As exposure progresses, symptoms of

toxicity may manifest differently. Laboratory abnormalities will also differ based on

the chronicity and level of exposure.12

The final hydroxylation of vitamin D into its active hormonal form 1,25-

dihydroxyvitamin D takes place in renal tubule and lead is believed to interfere with

the conversion of vitamin D to its active hormonal form.12

Workers exposed to lead in manufacturing facilities demonstrate an increased

frequency of still-births,  miscarriages, reduced sperm counts, reduced sperm motility,

hypospermia, increased rates of teratospermia, decreased fertility and decreased

libido. Women who have lead-exposed male partners have higher rates of

miscarriage. Children of lead-exposed workers have increased rates of morbidities

such as congenital epilepsy and cardiovascular disease.12

Lead was recently upgraded from the status of a possible to a probable human

carcinogen by the International Agency for Research on Cancer (IARC), based on
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sufficient evidence for carcinogenic effects in humans.41 Lead exposure has been

related to increased incidence of cancers such as stomach, lung and bladder cancer.42

A study done on subjects with lead exposure and age-related cataract

incidence, found that men having highest tibial bone lead levels are at 2.5 times

greater risk of developing cataract as compared to those men with the lowest level of

tibial lead.43

Individuals with cataracts have significant levels of lead in the ocular lens

along with decreased levels of zinc in lens tissue. An increased ratio of lead to zinc in

the lens was related to decreased lens transparency.44

Reproductive and Prenatal Effects

Lead exposure remains a concern for pregnant and lactating women,

particularly those who have an occupational exposure to lead, who are recent

immigrants, engaged in home renovations. Prenatal lead exposure resulting in

maternal serum lead levels <10 µg/dL has morbities such as anemia, infertility,

hypertension and effects infant neurodevelopment. In addition, because lead persists

in bone for decades, as bone stores are mobilized to meet the increased calcium needs

of pregnancy and lactation, the women and their infants might be exposed to lead long

even after external sources have been removed.45 Adverse reproductive effects are not

only limited to women but also males with occupational lead exposure like abnormal

sperm morphology and decreased sperm count have been observed at blood lead

levels <40 µg/dL.46
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Historical Trends in Blood Lead Levels

Since the 1970s, NHANES data have been used to track blood lead levels for

the non-institutionalized United States population. In the 1991–1994 NHANES, the

overall prevalence of blood lead levels ≥10 µg/dL was 2.2% but decreased to 0.7% by

the 1999–2002 survey. Overall, the geometric mean (GM) decreased significantly

(p<0.05; two-tailed t-test) from 2.3 µg/dL to 1.6 µg/dL during the same time period.47

Although the decrease in GM BLLs (Geometric mean blood lead levels ) in

women aged 20–59 years from 1.8 µg/dL in 1988–1994 to 1.2 µg/dL in 1999–2002,

in-utero exposure is also a substantial public health issue for certain populations,

particularly in new immigrants coming from lead contaminated regions.48

In  2003 a study conducted in New York City, blood lead levels ≥ 5 µg/dL

were more prevalent among pregnant women who were born outside the United States

than pregnant women born in the United States (odds ratio=8.2, 95% confidence

interval = 3.8–17.3).47

Risk Factors for Lead Exposure in Pregnant Women49

 Immigrants from the areas where ambient lead contamination is high, women

from countries where leaded gasoline is still being used (or was recently

phased out) or where industrial emissions are not well controlled.

 Living near a point source of lead which includes lead mines, battery recycling

plants (even if the establishment is closed).
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 Women who works or her family members work in an industry that uses lead

(eg, lead production, battery manufacturing, paint manufacturing, ship

building, ammunition production or plastic manufacturing).

 Women who cook, store, or serve food in lead-glazed ceramic pottery made in

a traditional process.

 Eating nonfood substances (pica) — women who eat or mouth nonfood items

that may be contaminated with lead, such as soil or lead-glazed ceramic

pottery.

 Using alternative or complementary substances, herbs, or therapies women

who use imported home remedies or certain therapeutic herbs traditionally

used by East Indian, Indian, Middle Eastern, West Asian, and Hispanic

cultures that may be contaminated with lead.

 Using imported cosmetics or certain food products — women who use

imported cosmetics, such as kohl or surma or certain imported foods or spices

that may be contaminated with lead.

 Women who engage in high-risk activities (eg, stained glass production or

pottery making with certain leaded glazes and paints) or have family members

who do it.

 Renovating or remodeling older homes without lead hazard controls in

place—women who have been disturbing lead paint, creating lead dust, or

both or have been spending time in such a home environment.
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 Consumption of lead-contaminated drinking water—women whose homes

have leaded pipes or source lines with lead.

 Having a history of previous lead exposure or evidence of elevated body

burden of lead — women who may have high body burdens of lead from past

exposure, particularly those who have deficiencies in certain key nutrients

(calcium or iron).

 Living with someone identified with an elevated lead level — women who

may have exposure in common with a child, close friend, or other relative

living in the same environment.

Lead Screening during Pregnancy

Environmental policies and public health education programs have led to

significant reductions in cases of lead exposure in the United States.50 Despite these

improvements, approximately 1% of women of childbearing age (15–49 years) have

blood lead levels greater than or equal to 5 micrograms/dL.11

Although no threshold has been found to trigger the adverse health effects of

lead,11 in nonpregnant adults blood lead levels less than 5 µg/dL are considered

normal, blood lead levels between 5 µg/dL and 10 µg/dL require follow-up and blood

lead levels greater than 10 µg/dL are managed with environmental assessment and

abatement of exposures. Chelation therapy is considered at blood lead levels greater

than 40 µg/dL for symptomatic individuals and levels greater than 70 µg/dL are

considered as medical emergency. In children treatment is recommended at blood lead

levels of 45 µg/dL or greater.49
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Adverse Health Effects of Prenatal Exposure

Lead readily crosses the placenta by passive diffusion and has been detected in

the fetal brain as early as the end of the first trimester. Elevated lead levels in

pregnancy have been associated with several adverse outcomes, including anemia,

gestational hypertension, miscarriage, low birth weight and impaired

neurodevelopment.49

Lead exposure has been associated with an increased risk of gestational

hypertension, but the magnitude of the effect, the exposure level at which risk begins

to increase and whether risk is most associated with acute or cumulative exposure

remain uncertain. Also, it is unclear whether lead induced increase in blood pressure

during pregnancy causes severe hypertension or preeclampsia.49

Evidence shows that maternal exposure to high levels of lead increases the risk

of spontaneous abortion.51 However, data for an association between low or moderate

lead levels and spontaneous abortion are inconsistent. The strongest available

evidence comes from a prospective study of 668 pregnant women in Mexico City that

demonstrated a statistically significant dose–response relationship between low-to-

moderate maternal blood lead levels and the risk of spontaneous abortion.52

There is a  longitudinal study done in Japan among 351 pregnant women

which showed no difference in serum lead levels between spontaneous abortion cases

(n=15) and ongoing pregnancies.53

More recent and well-designed studies suggest that maternal lead exposure

during pregnancy is inversely related to fetal growth, as reflected by duration of

pregnancy and infant size. One study that used a registry-based approach found that
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offspring of mothers occupationally exposed to lead had an increased risk of low birth

weight (relative risk [RR], 1.34; confidence interval [CI], 1.12–1.6) compared with

infants of women not exposed to lead.54

A case–control study in Mexico City found umbilical cord blood lead levels to

be higher in preterm infants (mean value, 9.8 micrograms/dL) compared with term

infants (mean value, 8.4 micrograms/dL).55 A birth cohort study, also conducted in

Mexico City, found maternal bone lead burden to be inversely related to offspring

weight22, length and head circumference at birth.56

A large number of studies provide evidence that prenatal lead exposure

impairs children’s neurodevelopment. Some prospective studies have included that

children with low levels of prenatal lead exposure had impaired  neurodevelopment,

although these data are less consistent than those related to the high levels of lead

exposure. In one study, each 1 µg/dL increase in umbilical cord blood lead was found

to be associated with a reduction of 0.6 points in the mental development index scores

of the Bayley Scales of Infant Development at age 3 months, with similar results at

age 6 months.57,58

However, another prospective cohort study found that the relationship between

prenatal blood lead levels and early childhood IQ is not linear, with the strongest

postnatal effects noted at low levels of prenatal exposure.59

The available data are inadequate to establish the presence or absence of an

association between maternal lead exposure and major congenital anomalies in the

fetus.49
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The Centers for Disease Control and Prevention (CDC)11 and the American

College of Obstetricians and Gynecologists49 do not recommend blood lead testing of

all pregnant women in the United States. Obstetric health care providers should

consider the possibility of lead exposure in individual pregnant women by evaluating

risk factors for exposure as part of a comprehensive health risk assessment and

perform blood lead testing if a single risk factor is identified. Assessment of lead

exposure should take place at the earliest contact with the pregnant patient.

Lead-based paint is less likely to be an important exposure source for pregnant

women than it is for children, except during renovation or remodeling in older homes.

Women should take precautions when repainting surfaces with deteriorated paint or

performing any remodeling or renovation work that disturbs painted surfaces, such as

scraping off paint or tearing out walls.11

For pregnant women with blood lead levels of 5 µg/dL or higher, sources of

lead exposure should be identified and women should receive counseling regarding

avoidance of further exposure. Confirmatory and follow-up blood lead testing should

be performed in accordance with the CDC’s recommended schedules and maternal or

umbilical cord blood lead levels should be measured at delivery.11 Women with

confirmed blood lead levels of 45 µg/dL or more should be treated in consultation

with  experienced clinicians in the management of lead toxicity and high-risk

pregnancy. Once the source of lead exposure is identified and eliminated, the initial

decrease in blood lead level occurs relatively rapidly because of lead’s short (35-day)

initial half-life in blood.60 This initial rapid decrease is followed by a slow, continuous

decrease over several months to several years because of mobilization of lead from

stores in the bone.11
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Adequate dietary intake of calcium, iron, zinc, vitamin C, vitamin D, and

vitamin E is known to decrease lead absorption. Iron-deficiency anemia is associated

with elevated serum lead levels and may increase lead absorption. During pregnancy

and lactation, lead from prior exposures can be mobilized from bones because of the

increased bone turnover. Pregnant and lactating women with a current or past serum

lead level of 5 µg/dL or higher should receive specific nutritional recommendations

regarding calcium and iron supplementation.49 A balanced diet that contains 2,000 mg

of calcium and 60–120 mg of iron daily is recommended.11 This can be achieved

through either food intake or supplementation. Supplements should be divided into

doses of 500 mg of calcium and 60 mg of iron to improve absorption.

Frequency of Maternal Blood Lead Follow-up Testing During Pregnancy11,49

Venous Blood Lead Level*

(micrograms/dL)

Perform Follow-up Test(s)†

Less than 5  None (no follow-up testing is indicated)

5–14  Within 1 month

 Obtain a maternal blood lead level‡ or

cord blood lead level at delivery

15–24  Within 1 month and then every 2–3

months

 Obtain a maternal blood lead level‡ or

cord blood lead level at delivery

 More frequent testing may be indicated

based on risk factors
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25–44  Within 1–4 weeks and then every month

 Obtain a maternal blood lead level‡ or

cord blood lead level at delivery

45 or more  Within 24 hours and then at frequent

intervals depending on clinical

interventions and trend in blood lead

levels

 Consultation with a clinician

experienced in the management of

pregnant women with blood lead levels

in this range is strongly advised

 Obtain a maternal blood lead level or

cord blood lead level at delivery

Screening guidelines49

 Routine blood lead testing of all pregnant women is not recommended.

 Risk assessment of lead exposure should take place at the earliest contact with

pregnant or lactating women and blood lead testing should be performed if a

single risk factor is identified.

 Elevated lead levels in pregnancy have been associated with gestational

hypertension, spontaneous abortion, low birth weight and impaired

neurodevelopment.
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 Prenatal lead exposure has known adverse effects on maternal health and

infant outcomes across a wide range of maternal blood lead levels.

 Pregnant women with blood lead levels of 5 µg/dL or higher should be treated:

 Sources of lead exposure should be identified. Women should receive

counseling regarding avoidance of further exposure and receive specific

nutritional recommendations regarding calcium and iron supplementation

because these strategies can decrease their lead levels.

 Confirmatory and follow-up blood lead testing should be performed in

accordance with the CDC’s recommended schedules.

 Women with confirmed blood lead levels of 45 µg/dL or more should be

treated in consultation with clinicians experienced in the management of lead

toxicity and high-risk pregnancy.

 Initiation of breastfeeding should be encouraged postpartum in a woman with

a blood lead level less than 40 µg/dL.

 A breastfeeding woman with a confirmed blood lead level of 40 µg/dL or

higher should be advised to pump and discard her breast milk until her blood

lead level has decreased to less than 40 µg/dL.

 If no external source is identified, and the maternal blood lead level is greater

than 20 µg/dL and the infant blood lead level is 5 µg/dL or more, breast milk

should be suspected as the source and temporary interruption of breastfeeding

until the maternal blood lead level decreases should be considered.
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Prevalence of elevated lead in asymptomatic pregnant women

Blood lead levels and blood umbilical cord lead levels are frequently used to

assess both the mother's and fetus' levels of lead exposure and risk.

In 1992, two large surveys of low-income pregnant women found 0%7 and

6%8 with blood lead levels >5 µg/dL.61,62

A study of all women who enrolled in prenatal clinics in Mahoning County,

Ohio, from 1990 to 1992 found that 13% of prenatal patients had blood lead levels

≥10 µg/dL, with 1% having blood lead levels greater than 15 µg/dL.63

Population mean blood lead levels in women of childbearing age and pregnant

women have fallen over the past two decades. Although it was estimated in 1990 that

4.4 million women of childbearing age, and over 400,000 pregnant women, had blood

lead levels of >10 µg/dL,64 a study of 1109 infants in Quebec, Canada, found a mean

cord blood lead of 1.5 µg/dL (0.076 umol/l; 95% CI = 0.074, 0.079).65

In a review of NHANES data of 4,394 women of child-bearing age, the GM

blood lead levels 1.78 µg/dL67 and a longitudinal study of pregnant women in Boston

demonstrated that umbilical cord blood lead levels declined 82% between 1980 and

1990.67

Adverse effects of lead exposure on pregnancy outcomes

The effects of very high blood lead levels during pregnancy on reproductive

outcomes such as abortion and stillbirth have been recognized for many years.21
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Observational studies in pregnant women with blood lead levels less than 30

µg/dL have reported associations between elevated levels and birth weight, length of

gestation (including preterm delivery) and neonatal head circumference.68

The associations have been small, variable in direction of effect and not

statistically significant in most studies. These data failed to detect important effects on

other reproductive outcomes. Inconsistent results may be due in part to imprecise

measures of fetal lead exposure.68

A meta-analysis69 reported no association between antenatal or perinatal

maternal blood lead levels and full-scale IQ measured at preschool or school age.

Although very high lead levels in pregnancy are clearly hazardous, the adverse effects

on the fetus of antepartum lead levels in the range typically found in the U.S. are not

established.

In august 2012, the American College of Obstetricians and Gynecologists49

documented that prenatal lead exposure has known adverse effects on maternal health

and infant outcomes across a wide range of maternal blood lead levels. The

recommendations are risk assessment of lead exposure should take place at the

earliest contact with pregnant women. Blood lead testing should be performed if a

single risk factor is identified. Elevated lead levels in pregnancy have been associated

with gestational hypertension, spontaneous abortion, low birth weight and impaired

neurodevelopment. Women with confirmed lead blood levels of 45µg/dl or more

should be treated in consultation with clinician’s expert in the management of lead

toxicity and high risk pregnancy.
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A study was conducted in 1998 to compare the blood lead levels of 97

pregnant women warded at the Kuala Lumpur hospital, according to their ethnicity,

residence and place of work. The lead content of venous blood samples was

determined with a graphite furnace atomic absorption spectrometer. Blood levels of

Klang Valley women seem to have decreased from 17.3 µg/dl in 1982 to 7.71 µg/dl in

this present study most probably attributed to the phasing out of leaded gasoline. This

level is below the 10 µg/dl recommended by the United States Environmental

protection agency for the public, even though 27.8% of them still have blood lead

levels that are equal to or in excess of 10 µg/dl.70

In a cross sectional study conducted in the urban slums of Lucknow, north

India in 1996, 500 pregnant women were enrolled. The mean lead was 14.3 µg/dl and

19.2% of women had lead ≥ 20 µg/dl. Lead was not associated with age, height,

weight, gestation or history of abortions, although higher lead was associated with

higher parity. Women living in inner city neighborhood near heavy vehicular traffic

had lead 2.2 µg/dl higher than those living in other neighborhoods. The lead was not

associated with reported use of piped water or the presence of paint in homes and

increase in lead was unexpectedly associated with decreasing use of the eye cosmetic

‘surma’ and the duration of gestation. The high lead found in this population raises

concern about fetal development and points to the urgent need to reduce the exposure

to lead.71

In a cross sectional study done in 105 pregnant women residing in Valley of

Mexico between march 1987 and june 1992, serum blood was taken from week 12 to

week 36 of pregnancy, again at parturition and was analyzed. Although geometric

mean lead level averaged around 7.0µg/dl with a range of 1.0µg/dl – 35.5µg/dl
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throughout pregnancy, analysis of variance revealed a significant decrease in mean

lead from week 12 to week 20 and various significant increases in mean lead from

week 20 to parturition. Regression analysis confirmed the positive linear lead trend

from 20 weeks to parturition and additional contributions of dietary calcium,

reproductive history, life time residence in Mexico city, coffee drinking and use of

indigenous lead-glazed pottery.72
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METHODOLOGY

The present study was conducted in the Department of Obstetrics and

Gynaecology, attached teaching hospital, KLE University’s Jawaharlal Nehru

Medical College, Belgaum.

Study design

The study design was a cross sectional study (descriptive observational study).

Time line for the study

PHASE TIME PERIOD OUTLINE

I June 2012 to August 2012 1.Identification of problem

2.Review of Literature

3.Development of data collection

instrument

4.Submission of Synopsis

II December 2012 to July 2014 1.Enrolment

2.Data Collection

III August 2014 to September 2014 1.Analysis of collection data

2.Discussion

IV September & October 2014 1.Submission of dissertation
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Source of data

Pregnant women in early, mid and late pregnancy attending out patient the

Department of Obstetrics and Gynaecology, attached teaching hospital, KLE

University’s Jawaharlal Nehru Medical College, Belgaum were studied.

Sample size

Minimum sample of 30 pregnant women were studied.

Screened were: 43

Consented were: 35

Outcome data available for: 32

Sampling procedure

A minimum sample of 30 pregnant women was planned.

Selection Criteria

Inclusion

1. Eligible consenting pregnant women registering for ANC and following at the

Department of Obstetrics and Gynaecology, attached teaching hospital, KLE

University’s Jawaharlal Nehru Medical College, Belgaum.

2. Gestational age of pregnant women included are:

a) Early pregnancy : 10 - 14 weeks.

b) Mid pregnancy : 24 - 28 weeks.

c) Late pregnancy : 32 - 36 weeks.
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Exclusion Criteria:

 Pregnant women with known medical disorders or on medication.

 HIV and HBsAg positive women.

 Known alcoholic or drug abuse.

 Use of prescribed ayurvedic medications.

 Active psychosis.

Method of Collection of Data

Ethical clearance

The ethical clearance was obtained from Review Board of Jawaharlal Nehru

Medical College, Belgaum. (MDC/DOME/895) dated on 31/10/2012 (Annexure I).

This study is also registered in CTRI (CTRI/2013/12/004229).

Screening and Enrolment

Consented women potentially eligible women visiting for early antenatal visit

were screened for eligibility based on selection criteria. Informed consent was

obtained at the time of enrolment into the study from the eligible women. The

informed consent form was provided by the investigator to the patient to be enrolled.

The investigator obtained a signature or left hand thumb impression from the

consented subject. Adequate time was provided for describing the study and fielding

questions from the patient and/or immediate family members. Fair balance was
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maintained while describing the risks and benefits of participation in the study. No

undue pressure was placed on the patient to enroll in the study.

It was further explained that lack of participation will not affect the usual and

anticipated standard of care. The women were enrolled in the study only after taking

their signature or left hand thumb impression on informed consent form (Annexure

II).

A unique   subject ID was assigned to those women who consented for the

study staring from 001. The following scheme was used for this purpose:

Data collection form

Data collection instrument containing information about present and past

pregnancies was completed. The investigator, previously trained in the administration

of the questionnaire, completed the Antenatal Record of the data collection instrument

at the time of enrolment into the study and the Delivery information.

Investigations

Pregnant women underwent investigations for :

- HB %  during early, mid and late pregnancy.

- Serum lead level during early, mid, late pregnancy.

Assessment of serum lead levels

Under aseptic precautions, 5 mL of venous blood was taken in prescribed time

of pregnancy as specified for every pregnant women and analyzed for serum lead

levels using Perkin Elmer graphite furnace atomic absorption spectrometer. The
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pregnant women were assessed for serum lead levels in early, mid and late gestational

ages.

Assessment of haemoglobin

Hemoglobin estimation was done in all participants using HemoCue machine

at early, mid and late gestational ages.

Statistical Analysis

The data entered into data monitoring system and master chart (Annexure

III/IV) was prepared. The categorical data was expressed as percentages, rates and

ratios and the comparison was done using the chi-square test. Continuous data was

expressed as mean ± standard deviation (SD) and the comparison was done using

independent sample t test. A probability value (‘p’ value) of less than or equal to 0.05

was considered as statistically significant.
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RESULTS

This cross sectional study (descriptive observational study) was conducted in

the Department of Obstetrics and Gynaecology attached to teaching hospital KLE

University’s Jawaharlal Nehru Medical College, Belgaum. In this study, a total of 43

cases were screened, out of which 35 had given consent for participating in the study.

However three women were lost to follow up and outcome data was available in 32

women.

Flow chart of study population

The data obtained was analysed and the final results and observations were

tabulated as below.

Total women screened (n=43)

Consented women(n=35)

Enrolled (n=35)

Outcome data analyzed (n=32)

Denied consent
(n=8)

Eligible women (n=35)

Loss of follow up
(n=3)
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Table 1. Demographic characteristics of the study population

Variables Sub groups
Distribution (n=32)

Number Percentage

Mean age 22.00 ± 3.10

Occupation Agriculture 12 37.50

Housewife 9 28.13

Professional 6 18.75

Labour 5 15.63

Total 32 100.00

Education Read / Write 9 28.13

Illiterate 8 25.00

Primary 8 25.00

Secondary 5 15.63

Graduate 2 6.25

Total 32 100.00

Socio economic status PAN card 13 40.63

White Card 18 56.25

Yellow card 1 3.13

Total 32 100.00

Body mass index 19.8 to 25.99 30 93.75

26.00 to 28.99 2 6.25

Total 32 100.00

The demographic characteristics of the study population are as shown in table

1. Majority of the women (71.88%) were aged between 19 to 22 years. Most of the

women (28.13%) were able to read and write and engaged in agriculture related

activities (37.5%) having white card (56.25%).
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Graph 1. Serum lead levels
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Table 2. Obstetric history

Variables Sub-groups
Distribution (n=32)

Number Percentage

Gestational age at the 10 1 3.13

time of enrolment in 11 1 3.13

weeks. 12 11 34.38

13 18 56.25

14 1 3.13

Total 32 100.00

Gravida 1 23 71.88

2 6 18.75

3 3 9.38

Total 32 100.00

In the present study 56.25% of the women presented with gestational age of 13

weeks and 71.88% reported gravida 1.



Results

Page 38

Table 3. Serum Lead levels and haemoglobin in early pregnancy

Serum Lead
levels

No. of
women

Haemoglobin levels (gm%)

≥ 11 10 to 10.9 7 to 9.9 < 7

No % No % No % No %

≤ 5.00 29 12 37.50 16 50.00 1 3.13 0 0.00

5.01 to 9.99 3 1 3.13 2 6.25 0 0.00 0 0.00

Total 32 13 40.63 18 56.25 1 3.13 0 0.00

In the present study during early pregnancy, 56.25% of the women had

haemoglobin levels between 10 to 10.9 gm%. In this subset 50% had serum lead

levels ≤ 5 and 6.25% had serum lead levels between 5.01 to 9.99.

Table 4. Serum Lead levels and haemoglobin in mid pregnancy

Serum
Lead
levels

No of
women

Haemoglobin levels (gm%) Gestational
HTN

Pre-
eclampsia≥ 11 10 to 10.9 7 to 9.9 < 7

No % No % No % No % No % No %

≤ 5.00 24 8 25.00 11 34.38 5 15.63 0 0.00 4 12.50 3 9.38

5.01 to
9.99

3 0 0.00 0 0.00 3 9.38 0 0.00
1

3.13
2

6.25

≥ 10 5 0 0.00 1 3.13 4 12.50 0 0.00 1 3.13 1 3.13

Total 32 8 25.00 12 37.50 12 37.50 0 0.00 6 18.75 6 18.75

In this study during mid pregnancy, 24 women had serum lead levels of ≤ 5. In

this subset, 34.38% had haemologbin levels between 10 to 10.9 gm% followed by

25% with ≥ 11 gm% and 15.63% of the women with haemoglobin levels between 7.0

to 9.9 gm%. Most of the women with gestational hypertension and preeclampsia had

serum lead levels of ≤ 5 and between 5.01 to 9.99 respectively.
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Table 5. Serum Lead levels and haemoglobin in late pregnancy

Serum
Lead
levels

No of
women

Haemoglobin levels (gm%) Gestational
HTN

Pre-
eclampsia≥ 11 10 to 10.9 7 to 9.9 < 7

No % No % No % No % No % No %

≤ 5.00 17 2 6.25 6 18.75 9 28.13 0 0.00 1 3.13 3 9.37

5.01 to
9.99

4 0 0.00 0 0.00 4 12.50
0

0.00
1

3.13 3 9.37

≥ 10 11 0 0.00 0 0.00 9 15.63 2 3.13 3 9.38 1 3.13

Total 32 2 6.25 6 18.75 22 68.75 2 6.25 5 15.62 7 21.87

In the present study during late pregnancy 11 women had serum lead levels of

≥ 10 and the haemoglobin levels were found to be between 7 to 9.9 in 15.63% and

3.13% had < 7 gm%. Gestational hypertension was noted in 9.38% of the women with

serum lead levels of ≥ 10 and pre-eclampsia was present in 3.31%.
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Table 6. Haemoglobin levels

Haemoglobin

(gm%)

Early

Pregnancy

(n=32)

Mid

Pregnancy

(n=32)

Late

Pregnancy

(n=32)

No % No % No %

Normal  (≥ 11) 13 40.63 8 25.00 2 6.25

Mild  (10 to 10.9) 18 56.25 12 37.50 6 18.75

Moderate (7 to 9.9) 1 3.13 12 37.50 22 68.75

Severe (< 7) 0 0.00 0 0.00 2 6.25

Total 32 100.00 32 100.00 32 100.00

Graph 2. Haemoglobin levels
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The haemoglobin levels and severity of anaemia is as depicted in table 7 and

graph 5. It was observed that, during early pregnancy most of the women had mild

anaemia (56.25%). During mid pregnancy 37.5% of the women each had mild and

moderate anaemia while in late pregnancy 68.75% had moderate anaemia.
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Table 7. Mean and median haemoglobin levels

Mean (n=32) Median (n=32)

Mean SD Median Minimum Maximum

Early pregnancy 10.68 0.75 10.4 9.40 12.40

Mid pregnancy 9.97 1.28 10 7.20 12.20

Late pregnancy 8.85 1.37 9.1 6.20 11.20

Table 8 shows mean and median haemoglobin levels. It was observed that the

mean haemoglobin levels reduced from early pregnancy (10.68 ± 0.75 gm%) to late

pregnancy (8.85 ± 1.37 gm%).
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Table 8. Serum Lead levels

Lead levels

Early
pregnancy
(n=32)

Mid pregnancy
(n=32)

Late
pregnancy

(n=32)

No % No % No %

≤ 5.00 29 90.63 24 75.00 17 53.13

5.01 to 9.99 3 9.37 5 15.63 4 12.50

10.00 to 14.99 0 0.00 3 9.37 4 12.50

15.00 to 19.99 0 0.00 0 0.00 0 0.00

20.00 to 24.99 0 0.00 0 0.00 6 18.75

25.00 to 30.00 0 0.00 0 0.00 1 3.12

Total 32 100.00 32 100.00 32 100.00

Graph 3. Serum Lead levels
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In the present study 90.63% of the women had normal serum lead levels

during early pregnancy.  During Mid pregnancy, 15.63% of the women had serum

lead levels between 5.01 to 9.99. In late pregnancy, 12.5% of the women each had

serum lead levels between 5.01 to 9.99 and 10 to 14.99.
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Table 9. Mean and median lead levels

Mean (n=32) Median (n=32)

Mean SD Median Minimum Maximum

Early pregnancy 2.87 1.61 2.43 0.76 7.80

Mid pregnancy 3.84 3.70 2.69 0.03 17.15

Late pregnancy 8.59 8.33 4.91 1.11 25.84

In this study, the mean serum lead levels increased from early pregnancy (2.87

± 1.61) to late pregnancy (8.59 ± 8.33).

Table 10. Correlation of haemoglobin levels and mean lead levels

Haemoglobin (gm%)

Early
pregnancy

(n=32)

Mid
pregnancy

(n=32)

Late
pregnancy

(n=32)

Mean SD Mean SD Mean SD

Normal  (≥ 11) 2.2 1.80 1.5 1.00 1.5 0.20

Mild  (10 to 10.9) 3.3 1.40 2.5 1.40 2.6 1.00

Moderate (7 to 9.9) 3.9 - 6.8 4.50 9.4 7.90

Severe (< 7) - - - - 24.3 2.10

F value 2.137 9.649 5.831

p value 0.136 0.0006 0.003

The correlation of haemoglobin and mean serum lead levels is as shown in

table 13. During mid and late pregnancies it was observed that, the mean serum lead

levels significantly increased with severity of anaemia (p<0.050).
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DISCUSSION

The present study was aimed to know the serum lead level during pregnancy

and its association with anaemia and hypertension in pregnant women.

This two year cross sectional study (descriptive observational study) was

carried out in the Department of Obstetrics and Gynaecology, attached teaching

hospital, KLE University’s Jawaharlal Nehru Medical College, Belgaum. A total 32

women were studied from December 2012 to July 2014.

In the present study during the early pregnancy, all the 32 women (100%) had

serum lead levels less than 10 while in mid pregnancy, 3 women (9.37%) were

detected to have serum lead levels of > 10 and in late pregnancy the same were noted

in 11 women that is 34.37% of the women. Similarly the mean serum lead levels

showed an increasing trend with low being at first trimester (2.87 ± 1.61) and high

during third trimester (8.59 ± 8.33) suggesting rise in serum lead levels with duration

of gestation.

A study54 in Mexico analyzed maternal blood lead (PbB) of 105 women living

in the Valley of Mexico from week 12 to week 36 of pregnancy and again at

parturition. Although geometric mean PbB level averaged around 7.0 micrograms/dl

(0.34 mumol/l), throughout pregnancy, analysis of variance revealed a significant

decrease in mean PbB from week 12 to week 20 (1.1 micrograms/dl) and various

significant increases in mean PbB from week 20 to parturition (1.6 micrograms/dl).

The finding of the present study were consistent with a study by Rothenberg SJ et al.
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The ALSPAC study75 to determine blood lead levels BLL in a large cohort of

pregnant women in the UK found that, mean maternal BLL was 3.67±1.47 µg/dl

(n=4285; geometric mean 3.43, median 3.42, range 0.41–19.14 µg/dl). The

distribution was slightly skewed. The BLL was ≥5 µg/dl in 619 women (14.4%) and

≥10 µg/dl in 15 women (0.4%). Women of Indian, Pakistani and Bangladeshi

ethnicity had significantly higher BLL than White women (4.37±1.92 (n = 23) vs

3.65±1.47 (n = 3585), respectively, ANOVA p = 0.019).

In this study during early pregnancy 19 women that is, 59.38% of the women

were found to be anaemic. In mid and late pregnancy the anaemia was noted in 24

(75%) and 30 (93.75%) women respectively. It was observed that, during early

pregnancy 18 women had mild anaemia (56.25%) while in mid pregnancy 12 (37.5%)

women each had mild and moderate anaemia but in those with late pregnancy 22

women had moderate anaemia (68.75%). The mean haemoglobin levels showed a

trend towards reduction as the pregnancy progressed that is, in early pregnancy the

mean haemoglobin levels were 10.68 ± 0.75 gm% which reduced to 8.85 ± 1.37 gm%

in late pregnancy. The correlation of anaemia and mean serum lead levels in mid and

late pregnancy showed significant rise in mean serum lead levels with severity of

anaemia (p<0.050). Further the linear correlation of haemoglobin with serum lead

levels showed weak negative correlation during early pregnancy (R=-0.201) and in

mid pregnancy there was moderate negative correlation (R=-0.5915) but in late

pregnancy there was strong negative correlation (R=-0.7972). The findings strengthen

hypothesis that, in mid and late pregnancy the increase in serum lead level are

associated with anaemia.
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Recently, a study76 from Lucknow conducted a study to correlate blood lead

levels (BLLs) and oxidative stress parameters in pregnant anemic women. A total of

175 pregnant women were found suitable and included for this study. Following

WHO criteria, 50 each were identified as non-anemic, mild anemic and moderate

anemic and 25 were severe anemic. Results showed significantly (p\0.01) high BLLs,

in all groups of anemic pregnant women as compared with non anemic pregnant

women. Study concluded that low BLLs perturb oxidant-antioxidant balance and

negatively affected hematological parameters which may eventually Pb to Fe

deficiency anemia during pregnancy.

In this study it was also found that there was positive co-relation between

increase in serum lead levels in pregnancy and hypertension (gestational

hypertension/ pre eclampsia)

It was found that about 6 women (18.75%) each had gestational hypertension

and pre eclampsia in mid pregnancy and during late pregnancy the same were noted

among 5 (15.62%) and 7 (21.87%) women.

Lead is transported in blood bound to haemoglobin, so it was unsurprising that

haemoglobin level was found to be a predictor of BLL. As pregnancy progresses, the

effect of haemodilution is counterbalanced by the increase in lead released into the

blood through increased bone turnover, resulting in the U-shaped curve observed by

Hertz-Piccioto et al.77 The rate of bone turnover is thought to be greatest in the third

trimester and so this may also account for the independent effect of gestational age.

In the present study the mean age was 22.1 ± 3.1 years. In contrast, a similar

study from Mexico in 1994 reported higher mean age that is, 27.5 years. The disparity
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in the mean age between the present study and study from Mexico could be attributed

to the socio-cultural practices of early marriages in India.

It is evident from the present study that the serum lead levels increase to

abnormal levels as pregnancy advances and it is associated with anaemia and

hypertension. The findings of the study needs to continued with larger sample

multicentric study.

Limitations of the study

1. Design of the study: Cross-sectional study (Descriptive observational study)

2. Smaller sample size

3. Cost of investigations:

Per investigation, per patient is Rs. 1350/-

3 times each patient Rs. 4050/-

Total cost for 32 patients Rs. 1,29,600/-
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CONCLUSION

Based on the findings of this study it is evident that, the serum lead levels in

pregnant women increase with duration of gestation. Further there is moderate

negative correlation between serum lead levels and haemoglobin during mid

pregnancy and strong negative correlation during late pregnancy suggesting increase

in lead levels associated with anaemia.

It is also observed that, there is positive co-relation between increase in

serum lead levels and hypertension (gestational hypertension/ pre eclampsia). The

findings of the same study need to be confirmed by larger multicentre trial.
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SUMMARY

Pregnancy is most vulnerable period to toxic substances. Serum lead levels

increase during pregnancy and affect health of pregnant women and growing fetus.

This study was aimed to know the serum lead levels during early (10-14weeks), mid

(24-28weeks) and late (32-36weeks) pregnancies as well as its association with

maternal outcomes like anemia in pregnant women.

This two year cross sectional study (descriptive observational study) was

carried out in the Department of Obstetrics and Gynaecology attached teaching

hospital KLE University’s, Jawaharlal Nehru Medical College, Belgaum. A total of

32 pregnant women who satisfied the selection criteria were enrolled from December

2012 to July 2014.

The mean age of the study population was 22.00 ± 3.10 years. Most of the

women that is 9 (28.13%) were able to read and write, 12 (37.5%) were engaged in

agriculture related activities (37.5%) and 18 (56.25%) had white card. The gestational

age in 13 (56.25%) women was 13 weeks and 23 (71.88%) women reported gravida

1. During the early pregnancy, all the 32 women (100%) had serum lead levels less

than 10 while in mid pregnancy, 3 (9.37%) women were detected to have serum lead

levels of > 10 and in late pregnancy the same was noted in 11 (34.37%) women. The

mean serum blood levels showed an increasing trend from early pregnancy (2.87 ±

1.61) to late pregnancy (8.59 ± 8.33). With regard to haemoglobin levels, at early

pregnancy 19 (59.38%) women were anaemic while during mid and late pregnancy

anaemia was present in 24 (75%) and 30 (93.75%) women respectively. The mean

haemoglobin levels reduced as the pregnancy progressed. The correlation of anaemia
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and mean serum lead levels in mid and late pregnancy showed significant rise in mean

serum lead levels with severity of anaemia (p<0.050).

Based on the findings of this study it was concluded that, the serum lead levels

in pregnant women increase with duration of gestation.
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ANNEXURE III

SCREENING FORM

Title: A cross sectional study (descriptive observational study) – Serum lead levels during

pregnancy.

I. SCREENING:

Id.No:

OPD No:

Date:

Unit:

Patient’s Name:  F __________________M________________S_______________

Age:

Address: H. No.___________ Street ________________ Place _________________

Taluka _______________ District___________________

Tel No: ________________________________________
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Mobile:  ________________________________________

1) Is she eligible? [ ]

a) Yes                             b) No

If no why ( specify) _____________________

2) Is she enrolled ? [ ]

a) Yes                             b) No

3) Whether patients is willing to participate and give consent [ ]

a) Yes                             b) No
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ANNEXURE IV

DATA COLLECTION INSTRUMENT

Title: A cross sectional study (descriptive observational study) – Serum lead levels

during pregnancy.

Screening ID. No :

Screening questions

1) What is the gestational age of the patient? [ ]

2) Is there any maternal medical complications present? [ ]

a) No                               b) Yes

3) If ans is yes to Q.6 then specif ?

4) Did the patient used any prescribed ayurvedic medications :

5) Is patient habitual  use of alcohol or drugs? [ ]

a) Yes                                 b) No

6) Is patient recent emigration from or residency in areas where

ambient lead contamination is high.

a) Yes                               b) No [ ]

7)    Is patient Living near a point source of lead- examples include lead

mines, smelters or battery recycling plants.

a)          Yes                                b) No [ ]

8) Is patient Working with lead or living with someone who does?

a) Yes                                  b) No [ ]

9) Is patient Using lead-glazed ceramic pottery?

a)               Yes                       b) No [ ]
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10) Using imported cosmetics or certain food products - imported

cosmetics l ike kohl or surma or certain imported foods or spices that

may be contaminated with lead.

a) Yes b) No [ ]

Demographic Data

1) Occupation: [ ]

a) HW

b) Working with pesticides

c) Labourer

d) Professional

2) Education: [ ]

a) Illiterate

b) Read

c) Write

d) Primary

e) Secondary

f) Graduate

g) Post graduate

3) What type of socio-economic card she has? [ ]

a) White

b) Green

c) Yellow

d) Red

e) Pan( income tax)
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Obstetric history

4) Is it singleton pregnancy? [ ]

a) Yes                           b) No

5) Was her previous cycles regular? [ ]

a) Yes                                 b) No

6) Gravida [ ]

7) Para [ ]

8) Living [ ]

9) Abortions:

10) LMP :

11) EDD :

12) Is there any history of previous LSCS? [ ]

a)           Yes b) No

13) According to USG EDD is?

III. Examination:

14) Height ( incms):

15) Weight (in kgs):

16) BMI (kg/m2):

17) PR:

18) Blood pressure:

Systolic (mm of Hg) :

Diastolic (mm of Hg):
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Investigations

19) Antepartum Hb% ( in gms):

Early pregnancy

Mid pregnancy

Late pregnancy

20)      Serum lead level (at how many weeks):

Early pregnancy

Mid pregnancy

Late pregnancy

21) Did patients develop hypertension

Gestational hypertension Preeclampsia
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ANNEXURE V – KEY TO MASTER CHART

AG - Agriculture

bpm - Beats per minute

Cms - Centimeters

G - Graduate

G - Gravida

gms - Grams

HW - Housewife

ID - Identification

IL - Illiterate

Kg/m2 - Kilograms per square meter

Kgs - Kilograms

L - Labour

LSCS - Lower segment caesarean section

mm Hg - Millimeters of mercury

N - No

P - Primary

PC - Pan card

PM - Primi

PR - Professional

R - Regular

S - Secondary

WC - White card

Y - Yes

YC - Yellow card
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ANNEXURE II

INFORMED CONSENT FORM

I.D.NO:

“A cross sectional study (Descriptive observational study) - Serum Lead Levels

During Pregnancy”

The study is conducted by Dr. __________________Post graduate student in

M.S Obstetrics and Gynaecology under guidance of _______________ (Principal

investigator), Professor, Department of OBG, J. N. Medical College, Belgaum.

Respected Sir/Madam, We invite you to participate in our study as you are

eligible for the same. During the study you will be asked some questions in detail

regarding your present complaints.

Purpose of the study:

The purpose of this study is to study the variations in serum lead levels during

pregnancy. All patients who fulfil the inclusion criteria will be requested to participate

in this study during the period of one year.

Procedure and treatment:

Should you choose to participate, serum lead levels are measured by collecting

2ml of venous blood in each patient for each trimester i.e,three times in each patient in

a EDTA bulb and analysis for blood lead will be done at the biochemistry division of

the Institute of  J N Medical college, Dr Prabhakar Kore Trust Hospital’s and Medical

Resaerch Center.

Risks and benefits:

You may undergo some amount of discomfort during the process of,which may

include slight pain while pricking to collect venous blood. However all necessary steps
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and precautions will be taken to ensure your safety. The result of you taking part in this

research would help health care providers towards a better understanding of the

different management practices and the outcome, and thus we will be able to provide

improved patient care.

Alternatives:

If you decide not to participate in this study, you will still be receiving the usual

standard care.

Privacy and confidentiality:

Your privacy will be respected and all information collected about you during

the course of this study will be kept confidential. Your identity will remain undisclosed.

Relations with the Institutional policy:

The J N Medical College will provide, within the limitations of the laws of the

State of Karnataka, facilities and medical attention to patients who suffer injuries as a

result of participating in this project. In the event if you suffer any physical injury as

the result of your participation in this study, you may contact Dr. __________

Telephone No__________ or Dr__________, Telephone No____________. In the

event of an emergency, you should contact KLE’S Dr. Prabhakar Kore Hospital and

MRC on Telephone No. 08312473777.

Financial incentives:

You shall not be receiving any payment or any financial incentives for

participating in this study.

Authorization to publish results:

The results of this study may be published for scientific purpose or presented to

a scientific group. Your identity, however, will be maintained confidential at all times.
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Voluntary participation:

Your participation in this study is voluntary. Your decision whether or not to

participate will neither affect the care of your current disease, nor your future relations

with the doctor or the hospital. In case you need further information regarding your

rights as a study participant, you may please contact Dr. Ganga Pillai, Chairman of the

ethical committee, J N Medical College, Belgaum on telephone No. 08312473777

Statement of Consent:

I.D.NO:

I  Mr/Ms/Mrs _________________________________________Volunteer and

consent to participate in this study. I have read the consent document or it has been read

to me in my vernacular language. I accept to participate in the study. All the

information regarding this study is provided to me and I have understood the same. I

have been given the opportunity to ask questions and obtain appropriate answers.

Participant’s name:

Signature or left thumb print of participant:

Witness name:

Signature of witness:

Signature of the investigator:

Date:

If the participants are Minors (under 18), the parents sign the form, rather than the

participants.
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STATEMENT OF CONSENT:

I.D.NO:

I  Mr/Ms/Mrs

Volunteer and consent to participate in this study. I have read the consent

document or it has been read to me in my vernacular language. I accept to participate in

the study. All the information regarding this study is provided to me and I have

understood the same. I have been given the opportunity to ask questions and obtain

appropriate answers.

Participant’s name:

Signature or left thumb print of participant:

Witness name:

Signature of witness:

Signature of the investigator:

Date:

If the participants are Minors (under 18), the parents sign the form, rather than the

participants.
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ANNEXURE III - MASTER CHART

1 1 1 2E+06 A 30 12 Y 0 N N N N N N Y N PR G PC R PM 0 0 0 N N 142 50 25 72 120 72 N N 2700 Y 11 12 10 1.98 1.45 2.34 N N Y N

2 2 2 3E+06 A 23 12 Y 0 N N N N N Y N N AG IL WC R PM 0 0 0 N N 152 50 22 80 108 82 N N 2300 Y 10.2 7.8 6.2 3.31 10.2 25.84 N Y N N

3 3 3 3E+06 A 21 12 Y 0 N N N N Y N N N HW READ PC R PM 0 0 0 N N 143 52 25 80 126 80 N N 2400 Y 10 10 7 4.86 3.01 23.9 N N N Y

4 4 4 2E+06 B 20 13 Y 0 N N N N N N Y N PR S PC R PM 0 0 0 N N 142 46 23 84 106 72 N N 2400 Y 10.2 9.8 7 3.56 5.47 23.45 N N Y N
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4 4 4 2E+06 B 20 13 Y 0 N N N N N N Y N PR S PC R PM 0 0 0 N N 142 46 23 84 106 72 N N 2400 Y 10.2 9.8 7 3.56 5.47 23.45 N N Y N

5 5 5 3E+06 C 19 13 Y 0 N N N N N N Y N PR S PC R PM 0 0 0 N N 144 48 23 76 128 74 N N 2600 Y 9.4 7.4 9.8 3.89 2.25 4.77 N N N N

6 6 6 3E+06 A 22 12 Y 0 N N N N N N Y N HW P PC R PM 0 0 0 N N 144 50 24 80 124 70 N N 2800 Y 10 12.2 9.6 2.4 0.92 1.11 N N N Y

7 7 7 3E+06 C 20 12 Y 1 N N N N Y Y N N L IL YC R G2 1 1 0 N N 144 52 25 78 112 70 N N 2700 Y 10.4 10 9.8 1.84 1.6 2.18 N N N N

8 8 8 3E+06 C 22 13 Y 2 Y N N N N Y N N AG WRITE WC R G3 2 2 0 N N 144 54 26 82 124 78 N N 2600 Y 11.2 10.2 6.2 0.76 2.83 22.85 N N Y N

9 9 9 3E+06 A 19 12 Y 0 Y N N N N Y N N AG WRITE WC R PM 0 0 0 N N 152 48 21 84 112 70 N N 2800 Y 11.8 11 10.6 2.93 3.03 1.96 N N N Y

10 10 10 3E+06 A 20 13 Y 0 N N N N N Y N N AG P WC R PM 0 0 0 N N 144 46 22 78 112 72 N N 2700 Y 10.4 9.8 9 2.08 2.64 4.97 N N N Y

11 11 11 3E+06 A 19 13 Y 0 N N N N N Y N N AG WRITE WC R PM 0 0 0 N N 152 54 23 80 114 70 N N 2800 Y 10.2 10 10 3.83 5.3 2.07 Y N N N

12 12 12 3E+06 A 22 12 Y 1 N N N N Y Y N N AG IL WC R G2 1 1 0 N N 146 54 25 84 112 70 N N 2400 Y 10 10.7 8.2 6.09 0.32 11.41 N N N N

13 13 13 3E+06 A 22 13 Y 2 Y N N N N N Y N PR G PC R G3 2 2 0 N N 144 46 22 82 106 74 N N 2600 Y 10.2 9.6 10.2 3.66 5.24 2.06 N Y N N

14 14 14 3E+06 D 21 12 Y 1 Y N N N N Y N N AG WRITE WC R G2 1 1 0 N N 142 52 26 84 112 68 N N 2800 Y 10.2 10 11 3.04 2.74 1.36 N N N N

15 15 15 276300 B 28 12 Y 0 N N N N N N Y N PR S PC R PM 0 0 0 N N 146 46 22 82 114 72 N N 2700 Y 10 9.2 10 1.16 8.82 4.5 N Y N N

16 16 16 3E+06 A 19 13 Y 0 N N N N N Y N N HW READ PC R PM 0 0 0 N N 150 48 21 84 112 86 N N 2800 Y 10.2 11 8.3 3.92 0.26 2.81 N N N N

17 17 17 3E+06 A 21 13 Y 0 N N N N N Y Y N HW S PC R PM 0 0 0 N N 146 52 24 82 128 74 N N 2600 Y 11.1 10.8 7.2 1.06 1.92 4.43 N N N N

18 18 18 3E+06 B 19 13 Y 1 N N N N N Y Y N HW P PC R G2 1 1 0 N N 152 48 21 76 118 74 N N 2200 Y 10.6 8.4 7 2.16 11.3 20.1 Y N N N

19 19 19 3E+06 A 24 13 Y 0 N N N N N N N N PR IL PC R PM 0 0 0 N N 144 52 25 82 124 72 N N 2400 Y 12.4 10 8.2 7.8 3.88 11.47 Y N N N

20 20 20 3E+06 A 20 13 Y 0 N N N N Y N N N AG P WC R PM 0 0 0 N N 142 54 27 80 118 74 N N 2600 Y 11.8 9.2 7.4 1.19 2.4 10.23 N N Y N

21 21 21 3E+06 C 21 13 Y 0 N N N N Y Y Y N L IL WC R PM 0 0 0 N N 146 54 25 86 114 70 N N 2400 Y 11.2 8.8 7.4 1.54 8.13 20.1 N N N N

22 22 22 3E+06 A 30 12 Y 1 Y N N N N N N N L IL WC R G2 1 1 0 N N 142 46 23 84 114 70 N N 2600 Y 10.6 8.2 8.6 3.43 17.2 24.25 N N N N
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23 23 23 3E+06 A 20 13 Y 0 N N N N N Y Y N HW READ PC R PM 0 0 0 N N 152 46 20 82 112 70 N N 2700 Y 12.2 11 11.2 1.24 1.91 1.6 N Y N N

24 24 24 3E+06 A 20 13 Y 0 N N N N N Y Y N AG P WC R PM 0 0 0 N N 144 52 25 76 112 82 N N 2600 Y 11 10 9.6 1.54 1.7 5.53 N N N Y

25 25 25 3E+06 B 25 12 Y 0 N N N N N Y Y N L IL WC R PM 0 0 0 N N 152 56 24 84 106 82 N N 2700 Y 10 11.7 10.2 5.25 1.63 2.74 N Y N N

26 26 26 3E+06 B 25 11 Y 1 N N N N N Y Y N L IL WC R G2 1 1 0 N N 152 46 20 72 108 72 N N 2700 Y 11.4 12 8.2 2.08 0.38 2.36 Y N N N
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26 26 26 3E+06 B 25 11 Y 1 N N N N N Y Y N L IL WC R G2 1 1 0 N N 152 46 20 72 108 72 N N 2700 Y 11.4 12 8.2 2.08 0.38 2.36 Y N N N

27 27 27 2E+06 C 24 10 Y 0 N N N N N N N N AG WRITE WC R PM 0 0 0 N N 144 52 25 80 108 72 N N 2800 Y 11 7.2 9.6 2.46 2.94 1.11 Y N N N

28 28 28 3E+06 C 22 14 Y 2 Y N N N N N N N AG IL WC R G3 2 2 N N 144 42 20 84 112 70 N N 2800 Y 10 11.7 9.8 4.69 2.34 4.85 N Y N N

29 29 29 3E+06 A 19 13 Y 0 N N N N N Y Y N HW P WC R PM 0 0 0 N N 142 50 25 84 110 72 N N 2700 Y 10.2 10 8.9 3.05 1.17 12.93 N N N Y

30 30 30 1E+06 A 26 13 Y 0 N N N N N Y Y N HW S WC R PM 0 0 0 N N 142 50 25 84 112 80 N N 2600 Y 10 10 9.2 1.17 1.24 5.27 N N Y N

31 31 31 3E+06 A 20 13 Y 0 N N N N N Y Y N HW P PC R PM 0 0 0 N N 144 52 25 78 122 70 N N 2700 Y 12 9.3 8.9 2.19 4.73 5.17 N N N Y

32 32 32 3E+06 B 22 13 Y 0 N N N N N Y Y N AG WRITE WC R PM 0 0 0 N N 144 52 25 76 114 72 N N 2800 Y 11 10.2 9.2 1.79 4.12 5.17 N N N N
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T1 T2 T3 T1 T2 T3 T1
11 12 10 1.98 1.45 2.34 N ML

10.2 7.8 6.2 3.31 10.24 25.84 1.98 3.31
10 10 7 4.86 3.01 23.9 0.76 4.86

10.2 9.8 7 3.56 5.47 23.45 2.93 3.56
9.4 7.4 9.8 3.89 2.25 4.77 1.06 2.4
10 12.2 9.6 2.4 0.921 1.11 7.8 1.84

10.4 10 9.8 1.84 1.6 2.18 1.19 2.08
11.2 10.2 6.2 0.76 2.83 22.85 1.54 3.83
11.8 11 10.6 2.93 3.03 1.96 1.24 6.09
10.4 9.8 9 2.08 2.64 4.97 1.54 3.66
10.2 10 10 3.83 5.3 2.07 2.08 3.04
10 10.7 8.2 6.09 0.32 11.41 2.46 1.16

10.2 9.6 10.2 3.66 5.24 2.06 2.19 3.92
10.2 10 11 3.04 2.74 1.36 1.79 2.16
10 9.2 10 1.16 8.82 4.5 3.43

10.2 11 8.3 3.92 0.26 2.81 5.25
11.1 10.8 7.2 1.06 1.92 4.43 4.69
10.6 8.4 7 2.16 11.31 20.1 3.05
12.4 10 8.2 7.8 3.88 11.47 1.17
11.8 9.2 7.4 1.19 2.4 10.23
11.2 8.8 7.4 1.54 8.13 20.1
10.6 8.2 8.6 3.43 17.15 24.25
12.2 11 11.2 1.24 1.91 1.6
11 10 9.6 1.54 1.7 5.53

12.2 11 11.2 1.24 1.91 1.6
11 10 9.6 1.54 1.7 5.53
10 11.7 10.2 5.25 1.63 2.74

11.4 12 8.2 2.08 0.38 2.36
11 7.2 9.6 2.46 2.94 1.11
10 11.7 9.8 4.69 2.34 4.85

10.2 10 8.9 3.05 1.17 12.93
10 10 9.2 1.17 1.24 5.27
12 9.3 8.9 2.19 4.73 5.17
11 10.2 9.2 1.79 4.12 5.17

10.7 10.0 8.9 2.9 3.8 8.6 2.2 3.3
0.8 1.3 1.4 1.6 3.7 8.3 1.8 1.4

10.4 10.0 9.1 2.4 2.7 4.9
9.4 7.2 6.2 0.8 0.3 1.1 Anova: Single Factor

12.4 12.2 11.2 7.8 17.2 25.8
SUMMARY

Groups Count
Column 1 13
Column 2 18
Column 3 1

ANOVA
Source of Variation SS

Between Groups10.3442
Within Groups70.18492



Total 80.52912

Source of Variation
Between Groups
Within Groups

Total



T2 T1
MD N ML MD N ML MD

3.89 1.45 3.01 10.24 1.36 2.34 23.9
0.921 1.6 5.47 1.6 1.96 23.45
3.03 2.83 2.25 2.07 4.77
0.26 5.3 2.64 2.06 1.11
1.91 0.32 5.24 4.5 2.18
1.63 2.74 8.82 2.74 4.97
0.38 1.92 11.31 11.41
2.34 3.88 2.4 2.81

1.7 8.13 4.43
1.17 17.15 20.1
1.24 2.94 11.47
4.12 4.73 10.23

20.1
24.25
5.53
2.36
1.11
4.85

12.93
5.27
5.17
5.175.17

3.9 1.5 2.5 6.8 1.5 2.6 9.4
#DIV/0! 1.0 1.4 4.5 0.2 1.0 7.9

Anova: Single Factor

SUMMARY
Sum Average Variance Groups Count Sum

28.56 2.196923 3.198123 Column 1 2 2.96
59.5 3.305556 1.871026 Column 2 6 15.67
3.89 3.89 #DIV/0! Column 3 22 207.57

Column 4 2 48.69

df MS F P-value F crit ANOVA
2 5.1721 2.137082 0.136213 3.327654 Source of Variation SS df

29 2.42017 Between Groups827.6956 3
Within Groups1324.631 28



31
Total 2152.327 31

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance

Column 1 8 11.921 1.490125 0.908637
Column 2 12 29.83 2.485833 2.062572
Column 3 12 81.32 6.776667 20.53582

ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups169.6675 2 84.83375 9.649924 0.000613 3.327654
Within Groups254.9428 29 8.791132

Total 424.6103 31



SV
25.84
22.85

24.3
2.1

Average Variance
1.48 0.0288

2.611667 0.935697
9.435 62.64066

24.345 4.47005

MS F P-value F crit
275.8985 5.831932 0.003159 2.946685
47.30826
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