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Gina Alejandra Castiblanco Rubio 

STUDIES ON THE DIETARY INTAKE OF FLUORIDE AND THE 

CONCENTRATION OF FLUORIDE IN URINE OVER THE COURSE OF 

PREGNANCY 

The use of maternal urinary fluoride as a biomarker of prenatal fluoride exposure 

in epidemiology studies is increasing. However, the knowledge on maternal exposure to 

fluoride and its biomarkers, has not increased alongside. The objective of this dissertation 

was to improve our understanding of the dietary intake of fluoride (a major source of 

fluoride exposure), and spot urinary fluoride levels during pregnancy.  

Two secondary data analyses utilizing data from the Early Life Exposures in 

Mexico to ENvironmental Toxicants (ELEMENT) project were conducted, in a 

population of women living in a salt-fluoridated community. The first study estimated the 

dietary intake of fluoride over the course of pregnancy and assessed the influence of 

compliance with the dietary recommendations of intake of beneficial nutrients for 

pregnancy (calcium, iron, folate and protein) on the dietary intake of fluoride. The second 

study compared spot urinary fluoride in women during pregnancy and non-pregnancy 

(using one-year postpartum as a proxy for the non-pregnant state) and assessed 

associations between dietary factors (dietary fluoride intake, addition of table salt, 

calcium intake from diet and supplements, and dietary acid load) and urinary fluoride 

levels at each state.  

Results revealed that the median dietary intake of fluoride in pregnant women was 

0.7 mg/day, increased with gestational age and in women who were moderately and 

highly compliant with recommendations of intake of beneficial nutrients for pregnancy. 
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On the other hand, spot urinary fluoride levels during pregnancy did not significantly 

differ with those of women one-year postpartum, increased with gestational age, and 

decreased in calcium-supplemented women only during pregnancy. The dietary intake of 

fluoride, calcium, and dietary acid load were not associated with urinary fluoride in either 

state. Finally, reporting the addition of table salt to meals was associated with an increase 

in urinary fluoride only at one-year postpartum.  

The studies in this dissertation highlight the need for a deeper understanding of 

fluoride exposure and its biomarkers in the pregnant population. 

E. Angeles Martinez Mier, DDS, MSD, PhD, Chair 

 

  



 

viii 

 

TABLE OF CONTENTS 

 

LIST OF TABLES .............................................................................................................x 

LIST OF FIGURES ......................................................................................................... xi 

INTRODUCTION..............................................................................................................1 

Aspects of the dietary intake of fluoride ........................................................................1 

Fluoride and its sources in the environment ............................................................1 

Fluoridation programs and sources of dietary fluoride intake .................................1 

Dietary Reference Intakes (DRIs) of fluoride ..........................................................2 

Aspects of the urinary excretion of fluoride ..................................................................3 

Fluoride’s pH-dependency, absorption, distribution, and excretion ........................3 

Renal handling of fluoride .......................................................................................4 

Factors that affect the absorption, distribution, and excretion of fluoride ...............4 

Fluoride concentration in urine as biomarker of fluoride intake .............................6 

The dietary intake of fluoride and its urinary excretion during pregnancy ...................7 

Current evidence on the dietary intake of fluoride in pregnant women ..................7 

Adaptations of pregnancy with the potential to impact the absorption,  

distribution, or urinary excretion of fluoride ...........................................................7 

Studies on the urinary excretion of fluoride during pregnancy .............................10 

Study population and data collection ...........................................................................11 

Dissertation rationale ...................................................................................................13 

Dissertation outline ......................................................................................................15 

STUDY 1: DIETARY FLUORIDE INTAKE OVER THE COURSE OF  

PREGNANCY IN MEXICAN WOMEN.......................................................................16 

Summary  .....................................................................................................................16 

Introduction ..................................................................................................................17 

Methods........................................................................................................................19 

Study Sample .........................................................................................................19 

Measurement of fluoride in foods, water and other beverages ..............................19 

Estimation of dietary intake of fluoride, macro and micronutrients ......................21 

Assessment of compliance with dietary recommendations ...................................22 

Covariates ..............................................................................................................23 

Statistical analyses .................................................................................................23 

Results ..........................................................................................................................24 

Characteristics of the study sample ........................................................................25 

Bivariate statistics for key dietary variables by pregnancy visits ..........................26 

Adjusted dietary fluoride intake by pregnancy visits and compliance with  

dietary recommendations .......................................................................................27 

Discussion ....................................................................................................................28 

Conclusion ...................................................................................................................32 

STUDY 2: ASSOCIATIONS BETWEEN URINARY FLUORIDE AND  

DIETARY FACTORS DURING PREGNANCY AND ONE-YEAR  

POSTPARTUM IN MEXICAN WOMEN ....................................................................39 

Summary  .....................................................................................................................39 

Introduction ..................................................................................................................40 



 

ix 

 

Methods........................................................................................................................42 

Study sample ..........................................................................................................42 

Dietary variables ....................................................................................................43 

Urinary fluoride and specific gravity (SG) ............................................................46 

Statistical analyses .................................................................................................47 

Results ..........................................................................................................................49 

Characteristics of the study sample ........................................................................49 

Descriptive statistics for key time-varying variables .............................................49 

Urinary fluoride during pregnancy and one-year postpartum................................50 

Association between urinary fluoride and dietary factors .....................................50 

Discussion ....................................................................................................................51 

Conclusion ...................................................................................................................56 

GENERAL DISCUSSION ..............................................................................................65 

Strengths and limitations .............................................................................................67 

Conclusion and recommendations for future research .................................................69 

REFERENCES .................................................................................................................70 

CURRICULUM VITAE 

  



 

x 

 

LIST OF TABLES 

 

Table 1: Characteristics of women with complete data for all covariates of interest  

that were included in the analytical sample and women who were excluded because  

they had incomplete data [90] ............................................................................................33 

Table 2: Dietary fluoride intake (mg F/day) by pregnancy visit. Median gestational  

age for each visit is specified in parenthesis. The "All visits" category represents  

data for all observations available during pregnancy [90] .................................................34 

Table 3: Bivariate statistics for key dietary variables by pregnancy visits [90] ...............35 

Table 4: Associations between daily fluoride intake (mg/day), pregnancy visit and 

compliance with dietary recommendations [90] ................................................................36 

Table 5: Associations between daily fluoride intake and compliance with individual  

key nutrients [90] ...............................................................................................................37 

Table 6: Characteristics of the study sample at pregnancy and one-year postpartum 

(time-invariant) ..................................................................................................................58 

Table 7: Characteristics of women with all data of interest (n=167 for pregnancy  

and n=421 one-year postpartum) and women who were excluded due to incomplete  

data (n=503 for pregnancy and n=22 one-year postpartum) ..............................................59 

Table 8: Key variables measured at different time-points during pregnancy and at  

one-year postpartum (time-varying) ..................................................................................60 

Table 9: Urinary fluoride (mg/L) at different visits during pregnancy and at 

one-year postpartum...........................................................................................................61 

Table 10: Associations between dietary factors and urinary fluoride during  

pregnancy (n=167; 307 observations) ................................................................................62 

Table 11: Associations between dietary factors and urinary fluoride one-year 

postpartum (n=421) ............................................................................................................63 

  

 

 

 

 

 

  



 

xi 

 

LIST OF FIGURES 

 

Figure 1: Estimated fluoride intake (95% CI) by pregnancy visit [90] ............................38 

Figure 2: Flow chart of source population and study sample, drawn from the Early  

Life Exposures in Mexico to Environmental Toxicants (ELEMENT) project ..................57 

Figure 3: Urinary fluoride (mg/L) and 95% confidence intervals for women  

allocated to the placebo group and the calcium supplementation group over the  

course of gestation, adjusting for urinary SG, total energy intake, pre-pregnancy  

BMI, and age at first pregnancy visit .................................................................................64 

 

  



 

1 

 

INTRODUCTION 

Aspects of the dietary intake of fluoride 

Fluoride and its sources in the environment  

Fluoride (F) is the ionic form of fluorine, one of the most abundant elements of 

the earth’s crust and the most electronegative in the periodic table [1]. It is naturally 

present in the environment or released as a consequence of anthropogenic activities. In 

nature, rocks and fluoride-bearing minerals dissolve and release fluoride to water and soil 

[1] and it is specially abundant in volcanic areas [2], geothermal waters [3] and seawater 

[4]. Examples of anthropogenic activities that release fluoride to the environment include 

chemical and manufacturing industries (e.g. fertilizer, brick, ceramic, glass, fossil fuel 

burning) [1].  

Fluoridation programs and sources of dietary fluoride intake 

An experimental study on the fluoridation of the public water supply that took 

place over the course of the years 1945-1955 in Grand Rapids, MI, concluded that 

exposure to fluoridated water at a concentration of 1.0 mg/L reduced the prevalence of 

dental caries experience, with occurrence of mild forms of enamel fluorosis [5]. Based on 

the evidence of the Grand Rapids experiment, and with the goal of universal access to 

fluoride for the prevention and control of dental caries, communities around the world 

have added hydro fluorosilicate, sodium fluorosilicate or sodium fluoride to their public 

water supplies to adjust the water fluoride concentrations between 0.7 - 1.2 mg/L [6]. It 

was later estimated that the fortification of salt with fluoride concentrations of 200-250 

mg/kg achieved reductions in dental caries comparable to those reached in the water 
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fluoridation studies [7,8]. In countries where a lack of water distribution systems is 

considered a barrier for universal fluoride access, salt fluoridation has been implemented.  

An estimated 370 million people have access to fluoridated water and another 300 

million to fluoridated salt [9]. For example, as of 2018, 63.4% of the population in the 

United States had access to fluoridated water; and according to a 2009 report, 79.4% of 

the population in Mexico had access to fluoridated salt [10]. Where fluoridation programs 

are implemented, either fluoridated water and beverages (for the case of water 

fluoridation) [11] or solid foods (for the case of salt fluoridation) [7] become the main 

contributors of fluoride to the human diet. However, regardless of the availability of 

fluoridation programs, fluoride’s ubiquity in the environment make it a trace element of 

the diet [12], and it is universally available in small quantities in foods and agricultural 

products that uptake fluoride from soil, water, and pesticides.  Fluoride can also be 

transferred to foods during storage or cooking, via fluoride-coated food packaging [13] 

and cookware [14]. Lastly, ingestion of fluoride may occur from unintentional 

swallowing during and/or after the use of fluoride-containing oral hygiene products [15].  

Dietary Reference Intakes (DRIs) of fluoride  

In 1997, the committee for the Dietary Reference Intakes (DRIs) recommended an 

Adequate Intake (AI) of 3 mg F/day for all life stages, including pregnancy [16]. This 

recommendation was given in acknowledgement of the robust body of evidence on the 

negative association between fluoride intake levels and dental caries experience and was 

based on studies of usual fluoride intake conducted in children up to 5 years old [17]. The 

lack of evidence on total fluoride intake and side effects other than dental and skeletal 

fluorosis for other age groups resulted in the derivation of estimated fluoride intakes from 
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those of children by means of multiplying the AI (0.05 mg/kg) by the reference weight of 

a given age-group and sex. For the case of pregnant and lactating women, the reference 

weight was that of women 14-50 years of age (61 kg), which resulted in an AI of 3 

mg/day [16].    

Aspects of the urinary excretion of fluoride 

Fluoride’s pH-dependency, absorption, distribution, and excretion  

The movement of fluoride through biological membranes depends on pH [18]: in 

an acidic environment, the form of fluoride that predominates is a weak acid (HF) that 

diffuses easily through biological membranes, and moves towards alkaline 

compartments. In contrast, in an alkaline environment, the predominant form is the 

fluoride anion (F-), which lacks the ability to cross biological membranes [19].   

When ingested in the absence of inhibitors (such as food and calcium-containing 

products) [20], ~90% of the fluoride ingested is absorbed in the gastrointestinal tract [21], 

and the not absorbed fraction (~10%) is excreted in the feces [22]. Approximately 25% of 

the absorption happens in the stomach through a pH-dependent mechanism [23], while 

the remaining 75% occurs in the proximal small intestine, through a pH-independent 

mechanism, via paracellular channels [24].  Blood plasma is the central compartment for 

fluoride distribution; peak levels can be detected within 20-60 min post-ingestion, and 

baseline levels after 3-11 hours. These plasma fluoride concentrations are not 

homeostatically regulated, and vary depending on the amount of fluoride intake, uptake 

and/or removal from soft and hard tissues and its renal excretion [21]. The distribution of 

fluoride to soft tissues and body fluids is low [25]: fluids such as gingival crevicular fluid 

and saliva can reach up to 90% of the concentrations found in plasma [26,27], while 
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others like cerebrospinal fluid and milk reach around 50% or less of plasma 

concentrations [28,29]. In contrast to the low distribution in soft tissues, fluoride avidly 

binds to mineralized tissues, so that 99% of the fluoride retained in the body is found in 

bones and teeth [18]. If not retained in the body, the absorbed fluoride is removed from 

plasma via the kidneys. In healthy adults, around 60% of the absorbed fluoride is 

excreted in the urine in less than 24 h [30]. 

Renal handling of fluoride 

  Following filtration by the glomerulus, fluoride enters the renal tubules, where 

10-90% is reabsorbed into the systemic circulation [31]. The reabsorption of fluoride by 

the renal tubules is a pH-dependent process, which determines the efficiency of the renal 

elimination of fluoride [32]. If the tubular fluid is highly acidic, the weak acid HF 

predominates and its diffusion through the tubules’ cell membranes occurs, taking it back 

to the systemic circulation. Conversely, a tubular fluid with a higher pH will increase 

fluoride’s efficiency of elimination −as it will be present mainly in its ionic form (F-), and 

the reabsorption process will not be favored [18]. Thus, any condition favoring acidity of 

the urine −acute or chronic, increases fluoride’s chances to remain in the body to either 

participate in biological processes or to be retained by mineralized tissues.   

Factors that affect the absorption, distribution, and excretion of fluoride 

Composition of the diet: the intake of fluoride in combination with food 

influences the absorption of fluoride; with fluoride being more bioavailable when 

consumed on an empty stomach and with water as a vehicle (as opposed to in 

combination with food or as part of a meal prepared with fluoridated salt) [33]. High 
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intake of divalent cations, such as calcium, magnesium and aluminum also reduce 

fluoride absorption [34]. Dietary patterns with high meat intake are associated with low 

urinary pH (which decreases fluoride’s rate of elimination), while vegetarian diets are 

associated with higher urinary pH (which favors fluoride excretion) [35,36].  

Acute and chronic acid-base disturbances: the kidneys have a key role in the 

regulation of the body’s acid-base balance. In states of respiratory acidosis, the kidney’s 

collecting ducts secrete hydrogen ions that acidify the tubular fluid; whereas in states of 

respiratory alkalosis, the ducts secrete bicarbonate, which alkalinizes the fluid [37]. Both 

states (respiratory acidosis/alkalosis) ultimately affect the urinary excretion of fluoride. 

Acute and chronic acid-base disturbances that had been described to influence fluoride 

excretion include: chronic obstructive pulmonary diseases, emotional states, physical 

activity and, altitude of residence [18].  

Impaired kidney function: patients with progressive renal functional impairment 

have decreased urinary excretion [38] and higher retention of fluoride in the body [39].  

Exercise: moderate and vigorous exercise may be associated with decreased renal 

clearance of fluoride in humans [40]. This effect could be the consequence of reduced 

renal blood flow [19] and increased fluoride reabsorption from the renal tubules as a 

result of the production of lactic acid [32].  

Drugs: drugs that inhibit gastric acid secretion or that alkalinize or acidify the 

gastric content can modify the gastric absorption of fluoride. Other drugs altering urinary 
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pH can also affect fluoride’s distribution and urinary excretion (e.g. ascorbic acid, 

ammonium chloride, chlorothiazide diuretics and methenamine mandelate) [19].   

Circadian rhythm and hormones: fluoride concentrations in plasma and urine 

follow a rhythmic pattern and may be correlated with serum parathormone levels [41].   

Age: there is a positive relationship between age and the concentration of fluoride 

in plasma [42,43]. This relationship may be the result of the stage of skeletal 

development (with younger ages associated with fluoride retention in the skeleton) or 

declining renal functional mass [18]. 

Fluoride concentration in urine as biomarker of fluoride intake 

Studies conducted in children and nonpregnant adults have found a linear, 

positive relationship between total fluoride intake and the urinary excretion of fluoride: 

the higher the total fluoride intake, the higher the urinary excretion of fluoride [30]. For 

the assessment of such relationship, the aforementioned studies used short-term dietary 

intake assessments (duplicate plate, experimental diets or 24 h dietary recalls), together 

with an estimation of fluoridated toothpaste intake and the collection of urine samples 

over a 24 h period [30]. This biomarker is a better predictor of fluoride exposure in 

populations compared to individuals [44].  

For practical reasons, the concentration of fluoride in spot urine samples is 

currently being used as biomarker of fluoride exposure in epidemiological studies. It is 

however worth mentioning a distinction between measuring urinary fluoride excretion 

(the process of elimination of certain estimated amount fluoride from the body via the 

urine in a defined period of time) and the measurement of the concentration of fluoride in 

spot urine samples. Although fluoride concentrations in spot urine samples may be 
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associated with sources of fluoride exposure [45]  −which validates their use as 

biomarkers in exposure and health outcome studies; they do not reflect per se the process 

of the urinary excretion of fluoride and should be interpreted with this distinction in 

mind.  

The dietary intake of fluoride and its urinary excretion during pregnancy 

Current evidence on the dietary intake of fluoride in pregnant women 

Although evidence on the dietary intake of fluoride in pregnant women is scarce, 

two recent reports on women living in communities exposed to fluoridated water are 

available. A study conducted in 260 pregnant women living in Spain estimated a 

mean±SD daily fluoride intake from tap water of 0.1±0.4 mg/day [46]. Another study 

conducted in Canada estimated fluoride intake from tap water and tea in a sample of 400 

pregnant women and found a mean±SD estimate of 0.9±0.4 mg/day [47]. Even though 

both reports likely underestimated total fluoride intake, it can be inferred that fluoride 

intake from tap water and fluoride-containing beverages constitutes less than half of the 

current total fluoride intake recommendation for pregnant women (3 mg/day). 

Adaptations of pregnancy with the potential to impact the absorption, distribution, or the 

urinary excretion of fluoride 

Calcium metabolism: during early- and mid-pregnancy, the intestinal absorption of 

calcium is doubled. This increased absorption allows for the buildup of maternal skeletal 

calcium stores to meet fetal demands during the third trimester [48]. Therefore, as 

pregnancy progresses, bone metabolism transitions from a state of predominantly 
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maternal bone formation, increased bone density and calcium storage to increased bone 

turnover for the transfer of calcium to the fetus towards the end of gestation [49].  

Acid-base balance: the gradual size-increase of the uterus pushes up the diaphragm up 

to 4 cm above its usual position, diminishing total lung capacity [48]. To compensate for 

the lower lung capacity, progesterone acts as a respiratory stimulant, increasing the 

volume of air inhaled per minute and leading to a state of hyperventilation −breathing 

faster and deeper [50]. The increased ventilation responds to the fetal demands of 

oxygen, but the increased exhalation of carbon dioxide leads to an unbalance of the 

blood’s bicarbonate buffering system: as more carbon dioxide is lost, hydrogen ions are 

removed and blood acidity decreases, leading to chronic respiratory alkalosis [51]. To 

compensate for the decrease in hydrogen ions, the kidneys excrete bicarbonate through 

the urine and retain hydrogen ions to maintain the pH at physiological levels [48]. 

Therefore, the renal-compensated respiratory alkalosis of pregnancy tends to increase 

urinary pH by means of the increased renal loss of bicarbonate [52]. Although pregnancy 

is a state of chronic respiratory alkalosis, it has not yet been described in the literature as 

a potential factor influencing the renal excretion of fluoride.  

Glomerular filtration rate: during the first trimester of pregnancy, plasma volume 

increases approximately 40 to 60% and reaches its maximum during the third trimester, at 

about 32 weeks [53]. Consequently, the volume of blood delivered to the kidneys 

increases 50-80% by mid-second trimester, raising glomerular filtration rate by 40-60% 
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[54]. As a result, there is an increase in urine flow and volume and the filtration and 

excretion of water and solutes [48].   

Dietary modifications and drugs: pregnant women modify their usual dietary intake 

of foods and nutrients for different reasons, such as concern for their own and their 

babies’ health, aversions and cravings [55]. For instance, multivitamin use is very 

common in pregnancy, compared to the nonpregnant state [56]. On the other hand, most 

pregnant women experience gastrointestinal diseases at some point, such as nausea, 

vomiting, gastroesophageal reflux, constipation and diarrhea [57]. The alleviation of 

symptoms typically include dietary modifications, usually the decreased consumption of 

triggers (highly acidic foods such as coffee, tomatoes and carbonated beverages) and 

increase in the intake of healthier, less acidic alternatives [55]. The pharmacological 

management of gastrointestinal symptoms include antiacids (e.g. calcium carbonate, 

aluminum or magnesium hydroxide) and acid reducers (e.g. famotinide, ranitidine, 

omeprazole) [57].  

The physiological adaptations of the major systems (cardiovascular, renal and 

respiratory) return to nonpregnant levels about 2 to 3 months postpartum [48]. However, 

in lactating women, changes in calcium absorption, distribution and excretion, continue 

to take place for the production of breastmilk [48]. Markers of bone turnover increase 

during early lactation − when the infant depends mostly on breastfeeding to meet 
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nutritional demands. But after 6-12 months of lactation (which naturally decreases 

frequency and supply after weaning), markers of bone turnover decrease [58]. 

Studies on the urinary excretion of fluoride during pregnancy  

Only six studies have previously investigated the urinary excretion of fluoride or 

urinary fluoride levels at some point during, or over the course of pregnancy [36,59–63], 

three of them conducted between 1959 and 1983 [36,59,60]. The six available studies 

aimed at answering one or two research questions: the first one, whether urinary fluoride 

levels change with the progression of pregnancy; and the second one, whether these 

levels change compared to nonpregnant women. From the five studies reporting urinary 

fluoride levels during pregnancy, three concluded an increase with the progression of 

pregnancy [36,60,61]. On the other hand, from the four studies that compared urinary 

fluoride of pregnant women vs. that of nonpregnant women, two concluded lower levels 

during pregnancy [59,61] and the other two concluded no differences [36,60]. The 

evidence in this area is contradictory, all six studies have heterogeneous designs and most 

of them have a small sample sizes [36,60,61] or inadequate methods for the measurement 

of fluoride in urine using spot urine samples [59,61]. Even though four studies discuss 

and compare the urinary excretion of fluoride, only two of them truly evaluated excretion 

[36,60]; and the other two evaluated urinary fluoride levels in spot urine samples [61,64]. 

What all studies have in common, is a discussion of findings centered on the uptake of 

fluoride by the fetus as a potential explanation of the results; none discussed or controlled 
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for the physiological and dietary changes of pregnancy that also have the potential to 

influence urinary fluoride levels.  

Study population and data collection 

The study population for this dissertation was pregnant women participating in 

the Early Life Exposures in Mexico to ENvironmental Toxicants (ELEMENT) project 

[65]. ELEMENT comprises three mother-child pregnancy and birth cohorts, initiated in 

the 1990s to study early life exposures and health outcomes in Mexico City − a city with 

an implemented salt fluoridation program (250 ppm of F/kg salt) [66]. For this 

dissertation research, only pregnant women from Cohort 3 were included.  These women 

were recruited between 2001 and 2003 (N=670). Pregnant women attending three clinics 

of the Mexican Institute of Social Security (IMSS) were invited to participate, but only 

those with gestational age <14 weeks, a healthy singleton pregnancy, no history of 

systemic diseases (hypertension, diabetes) and intention to stay in Mexico City who 

agreed to participate through informed consent were included and followed thereafter. 

Details and demographics of the entire project can be found in the ELEMENT project’s 

profile publication [65]. The project has a dedicated research facility next to Mexico 

City’s ABC Medical Center and participating women were invited to attend at three time-

points over the course of their pregnancy and for several months after delivery [65]. 

Cohort 3 was originally designed as a double-blind Randomized Clinical Trial (RCT) to 

examine the effects of calcium supplementation on blood lead levels during pregnancy 

and up to 12 months postpartum [67]. Women were randomized to receive either the 
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calcium supplement (1200 mg calcium/day) or placebo, and received a bottle containing 

a known number of pills of the assigned treatment.  

Among the information that was collected from study participants by trained 

research assistants at each study visit, data relevant to this dissertation research were:  

• Sociodemographic questionnaires 

• Anthropometry  

• Food Frequency Questionnaires (FFQ)  

• Early morning second-void spot urine samples, which were archived in the 

project’s biorepository at -70°C until analysis 

• Registry of adherence to the treatment assigned for the calcium RCT 

(supplement/placebo). Participants were asked to bring back the bottle 

containing the pills of the assigned treatment, so that a research assistant 

could register adherence by counting the remaining pills in the bottle.  
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Dissertation rationale 

Community fluoridation is an effective measure for the reduction of dental caries 

experience in children [68]. The study of the safety of chronic fluoride exposure at doses 

relevant for community fluoridation programs has focused on side effects affecting teeth 

and bones, with children up to 5 years of age and older adults as the populations at risk 

[69]. More recently, pregnant women are being considered a new potential group at risk 

of side-effects of fluoride exposure [70]. Epidemiological studies conducted in 

populations exposed to low levels of fluoride (such as the ones used for community 

fluoridation), have found associations between maternal urinary fluoride (used as a proxy 

of prenatal fluoride exposure) and negative cognitive and neurodevelopmental outcomes 

in children [47,71–73]. However, the availability of data on fluoride exposure collected 

from pregnant women is very limited. A major source of exposure to fluoride is the diet, 

and a knowledge-gap in population-based research on the current levels of dietary 

fluoride intake in pregnant women was identified.  

The epidemiological studies addressing the aforementioned associations between 

prenatal fluoride exposure and cognitive and neurodevelopmental outcomes in children 

have been using spot urinary fluoride as a biomarker of prenatal fluoride exposure 

[47,71–73].  The biomarker is used under the rationale that the urinary excretion of 

fluoride is directly proportional to dietary fluoride intake [30] and that maternal urinary 

fluoride is positively associated with fluoride levels in maternal serum and amniotic fluid 

[74]. However, the renal handling of fluoride in a state such as pregnancy has the 

potential to modify the relationship that is observed in the general population. 

Specifically, changes in urinary fluoride levels during pregnancy might not exclusively 
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reflect exposure, but also changes in the renal handling of fluoride and its rate of 

elimination − which responds to physiological and dietary factors. A second knowledge-

gap was identified: the dietary factors that affect spot urinary fluoride during pregnancy − 

other than dietary fluoride exposure – have not been identified.  

Closing the knowledge-gaps on levels of fluoride intake during pregnancy and the 

effect of dietary factors on urinary fluoride during pregnancy advances our knowledge on 

urinary fluoride as a biomarker of exposure and informs 1) future dietary 

recommendations of fluoride intake; and 2) epidemiological studies validating the use of 

spot urinary fluoride as a biomarker of prenatal fluoride exposure.  
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Dissertation outline   

This dissertation consists of two secondary data analyses that utilized data from 

the the Early Life Exposures in Mexico to ENvironmental Toxicants (ELEMENT) 

project. The overall hypothesis was that dietary factors during pregnancy affect the intake 

of fluoride and the concentration of fluoride in urine.  

The first study estimated dietary fluoride intake over the course of pregnancy and 

estimated the overall adjusted difference of dietary fluoride intake by pregnancy stage 

and levels of compliance with Mexican dietary recommendations. It was hypothesized 

that Mexican pregnant women who meet the dietary recommendations of beneficial 

nutrients for pregnancy also increase their dietary intake of fluoride. 

The second study compared spot urinary fluoride levels in the pregnant and non-

pregnant states and assessed the association between spot urinary fluoride levels and 

dietary factors. It was hypothesized that dietary changes during pregnancy affect the 

concentration of fluoride in urine. 

The last part of this dissertation (general discussion) summarizes the overall 

results, strengths, limitations, and provides recommendations for future research based on 

the findings.  

 

 

 

 

  



 

16 

 

STUDY 1: 

DIETARY FLUORIDE INTAKE OVER THE COURSE OF PREGNANCY IN 

MEXICAN WOMEN 

Summary 

A secondary data analysis in a Mexican longitudinal pregnancy cohort exposed to 

fluoridated salt was conducted.  The objectives were: 1) to estimate the dietary intake of 

fluoride over the course of pregnancy, and 2) the overall adjusted difference of dietary 

fluoride intake by pregnancy stage and levels of compliance with Mexican dietary 

recommendations. It was hypothesized that Mexican pregnant women who meet dietary 

recommendations also increase their dietary intake of fluoride. 

A total of 568 women with data available for two or three pregnancy time-points 

were included in the analytical sample. The dietary intake of recommended prenatal 

nutrients and fluoride intake (mg/day) were estimated using a validated Food Frequency 

Questionnaire. Data were summarized with descriptive statistics. Levels of F intake were 

compared to the USA’s IOM Adequate Intake (AI) of 3 mg/day for pregnancy. Adjusted 

differences of fluoride intake over time and levels of compliance with recommendations 

were estimated using longitudinal random effects models.  

Median (IQR) estimated fluoride intake ranged from 0.64 mg/day (0.38) in the 1st, 

0.70 mg/day (0.42) in the 2nd and 0.72 mg/day (0.44) in the 3rd pregnancy visit. Adjusted 

average intakes of fluoride [95% CI] were 0.72 mg/day [0.70-0.74], 0.76 mg/day [0.74-

0.77], and 0.80 mg/day [0.78-0.82]. Women who were moderately and highly compliant 

with Mexican dietary recommendations ingested, on average, 0.04 and 0.14 mg F/day 

more than non-compliant women (p<0.005).  
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In conclusion, dietary fluoride intake was below current AI, increased with 

gestational age and was higher in women who were moderately and highly compliant 

with dietary recommendations. 

Introduction 

Fluoride (F) is present in small amounts in the soil, water, plants, and animals; 

therefore it is naturally present as a trace element in the diet [12]. An extensive body of 

evidence has proven a clear reduction in dental caries prevalence in fluoride-exposed 

communities and, as part of community fluoridation programs to prevent dental caries, 

fluoride has been added to the diet via water or salt for human consumption [6]. Like 

other nutrients and trace elements in the diet, fluoride has both beneficial and detrimental 

effects: with low exposures, it prevents and controls dental caries, while higher exposures 

can lead to hard-tissue changes such as dental fluorosis [75]. Given that the risk for 

developing dental fluorosis is present only during critical periods of tooth development, 

dietary fluoride intake has been extensively and traditionally monitored in children [76], 

but rarely in other age groups. There is, however, emerging evidence on potential adverse 

effects of prenatal fluoride exposure [70]. Associations between fluoride concentration in 

urine during pregnancy and poor neurodevelopmental outcomes in the offspring have 

been reported; not only in populations with endemic fluorosis and exposed to high levels 

of fluoride [73], but also in populations exposed to low levels, such as the ones 

considered optimal for community water and salt fluoridation programs [47,71,72]. This 

newly emerging evidence on the potential side effects of prenatal fluoride exposure 

suggests monitoring of fluoride intake in other susceptible groups, such as pregnant 

women, may be warranted. 
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In 1997 and based on data collected mainly in children and nonpregnant adults, 

the USA’s Institute of Medicine (USA-IOM) recommended an Adequate Intake (AI) for 

fluoride of 3 mg/day (0.05 mg/kg/day). Using a pre-pregnancy body weight for women 

>19 yrs of ~61 kg as a reference, the recommendation for both pregnant and non-

pregnant women was also set as 3 mg fluoride/day [16]. Given the existing knowledge-

gap on fluoride intake in the context of the dietary and physiological changes of 

pregnancy, there is a need for observational studies of fluoride intake in populations of 

pregnant women. For instance, pregnant women are encouraged to increase the dietary 

intake of foods and supplements containing nutrients that are beneficial for maternal and 

fetal health, such as calcium, iron and folate [16]. In contrast, the dietary intake of 

fluoride is not particularly encouraged or discouraged during pregnancy and has no 

reported benefits for fetal health. In a previous investigation on the concentration of 

fluoride in foods and beverages available in Mexico City [77], small amounts of fluoride 

in Mexican dietary staples such as cereals, legumes and animal products, were reported. 

These foods are rich sources of folate, calcium, iron and protein [78], and their frequent 

consumption may increase the total daily dietary intake of fluoride. It was therefore 

hypothesized that Mexican pregnant women, attempting to meet dietary 

recommendations, increase their dietary intake of fluoride. Understanding how fluoride 

intake changes over the course of pregnancy, and whether meeting the requirements of 

key beneficial nutrients also increases the dietary intake of fluoride, can serve the purpose 

of informing future dietary recommendations for pregnancy.  
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The objectives of this study were to estimate dietary fluoride intake over the 

course of pregnancy and the overall adjusted difference of dietary fluoride intake by 

pregnancy stage and levels of compliance with Mexican dietary recommendations. 

Methods 

Study sample  

For this study, only pregnant women from the ELEMENT project’s Cohort 3 were 

included (recruited between 2001 and 2003; N=670). This cohort was originally designed 

as a double-blind Randomized Clinical Trial (RCT) to examine the effects of calcium 

supplementation on blood lead levels during pregnancy and up to one year postpartum 

[67]. Women were randomized to receive either the calcium supplement (1200 mg 

calcium/day) or placebo. During each pregnancy visit, each woman was interviewed by a 

social worker, who performed anthropometry (weight and height) using calibrated 

instruments, applied a general demographic questionnaire and a Food Frequency 

Questionnaire (FFQ). Only women from Cohort 3 with FFQ and all variables of interest 

available in the database, were included for the analyses (N=568). All participants who 

were included had data available for at least two pregnancy stages; and 511 participants 

had data for all three.  

Measurement of fluoride in foods, water and other beverages  

Mexico City has naturally-occurring water fluoride levels <0.7 ppm [79] and does 

not have community water fluoridation as used in other countries. Instead, since 1981 a 

salt fluoridation program was implemented as a method to deliver fluoride for caries 

prevention (250 ppm of F/kg) in regions with water fluoride levels <0.7 ppm [66,80]. 
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Therefore, the main sources of dietary fluoride intake in Mexico City are foods with 

intrinsic fluoride content and those containing fluoridated salt added either during and/or 

after the cooking process. A database was developed specifically for the ELEMENT 

project by analyzing the fluoride content of typical foods and beverages in the Mexican 

diet [77]. Details on the methodology for the collection of food and beverages and the 

analysis of fluoride can be found in the publication by Cantoral et al. [77]. Briefly, fruits 

and vegetables were bought from three different major markets in Mexico City. Meat 

products, processed foods, juices, beverages and industrialized foods were bought from 

four large supermarket chains. Natural juices were purchased from street vendors, 

flavored waters (a traditional Mexican beverage prepared with water, fruit and sugar) 

were bought from ice cream parlors and dairy was purchased in creameries. To measure 

the concentration of fluoride in water drank by participating women, a trained research 

assistant visited the household of study participants of the ELEMENT project (n=552) 

and collected water samples (~5 mL). To standardize the concentration of fluoride in the 

water and salt in foods that are consumed cooked (meats, rice, pasta, legumes), these 

were boiled using water containing negligible amounts of fluoride (<0.01 mg/L) and 

fluoridated salt (250 ppm of F/kg), following standardized recipes from the National 

Health and Nutrition Survey. Traditional foods (e.g. tamales and corn-based foods) were 

purchased cooked from street vendors. Fluoride analyses were conducted at the Fluoride 

Research Laboratory at the Oral Health Research Institute (OHRI), Indiana University 

School of Dentistry using a modification of the hexamethyldisiloxane (HMDS) method 

[81] as modified by Martinez-Mier et al.[82]. Participants reported the intake of mainly 

bottled and tap water, which had mean (±SD) fluoride levels of 0.16±0.13 ppm and 
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0.14±0.09 ppm, respectively. These two average values were the ones included in the 

database for FFQ-derived estimations of fluoride intake from water.  

Estimation of dietary intake of fluoride, macro- and micronutrients 

Dietary fluoride intake (mg F/day) was assessed through a semiquantitative 

questionnaire consisting of 104 items, adapted from the Willett semi-quantitative FFQ 

[83] to include foods and beverages commonly consumed in the 1983 Dietary Survey of 

the Mexican National Institute of Nutrition [84], and validated to estimate dietary intake 

over the previous month in Mexican women of child-bearing age (15-44 years) [85]. The 

FFQ was applied by a trained social worker at each study visit once per trimester, using 

visual and measuring aids (spoons, cups) for the identification of foods and portion sizes. 

Estimates of dietary intake of macro- and micronutrients (in µg or mg/day) were 

calculated through software developed at the National Institute of Public Health (INSP) 

using methods for the analysis of dietary data from the Mexican National Health and 

Nutrition Survey [86]. To generate estimates of daily dietary intake, the software utilizes 

the following data: 1) the average content of nutrients and trace elements (including 

fluoride) of each food/beverage item reported the INSP-compiled nutrient composition 

database [87] and the ELEMENT fluoride database; and 2) the reported frequencies and 

portion sizes of foods and beverages from the FFQ. Further details on the development, 

validation and calculations derived from the FFQ are available in the publication by 

Hernandez-Avila et al. [85]. Although the FFQ did not include quantitative estimations of 

table salt added after cooking, it did include a dichotomous question on whether table salt 

was added to foods right before eating them (yes/no), which we used for this secondary 

data analysis. Given that this cohort was originally designed as a calcium RCT and 
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women may had chosen to ingest other dietary supplements as well, a variable with 

group-assignment to the RCT (placebo/supplemented) and another one specifying intake 

of other dietary supplements (yes/no) was available to control for potential confounding.  

Assessment of compliance with dietary recommendations 

Dietary fluoride intake in Mexican women is neither contraindicated nor 

encouraged in Mexican pregnancy dietary recommendations. The Mexican Official 

Norms regulating health services for pregnant women that were current for the cohort 

highly encouraged an increase in the dietary intake of key nutrients [78] in order to meet 

the Adequate Intake (AI) or Estimated Average Requirement (EAR) as recommended by 

the Dietary Reference Intakes (DRIs) by the USA-IOM [16]. Recommendations on 

dietary intake during pregnancy are made according to pre-pregnancy BMI and 

pregnancy stage [88]. The four key nutrients encouraged in the dietary recommendations 

were calcium (AI: 1000 mg/day), iron (EAR: 22 mg/day), folate (EAR:520 µg/day) and 

protein (EAR: 0.88 g/kg/day). Intake was recommended from various dietary sources for 

all nutrients [89]; and, in the case of calcium, folate and iron, the recommendation 

included intake from both diet and supplements. The dietary intake of each nutrient was 

estimated only from the intake reported in the FFQ. Since one of the objectives of this 

study was focused on the relationship between compliance with nutrients from dietary 

sources and dietary fluoride intake, supplement sources were excluded from the 

calculation.   

Women were classified as compliant with an individual nutrient if their estimated 

daily dietary intake was equal to or above the AI or EAR for that particular nutrient 

during pregnancy. Overall compliance at each stage of pregnancy was categorized 
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according to individual-nutrient compliance as follows: noncompliance if noncompliant 

with all the nutrients (0/4); moderate compliance if compliant with one or two nutrients 

(1/4 or 2/4); and high compliance if compliant with three or all the four nutrients (3/4 or 

4/4).  

Covariates 

The selection of covariates was based on bivariate analyses and a review of the 

literature on the factors that may influence dietary fluoride intake. These included: 

pregnancy stage, compliance with dietary recommendations, group allocation in the 

calcium supplementation RCT, intake of other supplements, addition of table salt after 

cooking, total daily energy intake, pre-pregnancy BMI and educational attainment.  

Statistical analyses 

Study participants were stratified by pregnancy visit. Differences in key dietary 

variables across pregnancy visits were assessed with Friedman test (for continuous, non-

normally distributed repeated measures variables) or chi-square tests (for categorical 

variables). Differences in dietary fluoride intake between the RCT allocation groups and 

according to table salt use were tested with the non-parametric Mann-Whitney test. To 

estimate the overall adjusted difference of dietary fluoride intake by pregnancy visit 

(early, middle, late) and levels of compliance with Mexican dietary recommendations 

(none, moderate, high), covariate-adjusted regression models for panel data were fitted 

using the xtreg command in STATA. Panel data models were chosen because they 

examine both individual- and time-specific effects to deal with unobserved heterogeneity 

or individual effects. Regression diagnostics revealed significant differences in the 

individual- and time-specific variance components (panel effect; Breusch-Pagan LM test 
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p<0.05) and no correlation between individual effects and the regressors (Hausman test, 

p> 0.05); therefore, one-way random effects GLS regressions provided the best fit. After 

the model’s estimates were obtained, adjusted predictions for dietary fluoride intake were 

calculated for each pregnancy visit using the margins command. The association between 

dietary fluoride intake and individual intake of nutrients (calcium, iron, folate, protein) 

was assessed following the same approach. All analyses were conducted with STATA 

v16.0 (StataCorp LP, College Station, TX, USA). 

Results 

Characteristics of the sample and dietary fluoride intake by pregnancy visit 

Table 1 summarizes and compares the characteristics of women included in the 

analytical sample (N=568) and those who were excluded (N=102). Overall, the median 

age of the study participants at the time of recruitment was 26.4 years and the median 

gestational age for women who completed FFQs at the 1st, 2nd or 3rd pregnancy visits was 

13.6, 25.4 and 34.3 weeks, respectively. Median weight ranged between 60.5 - 69.4 kg 

during the three pregnancy stages and most women (57.7%) had a pre-pregnancy BMI 

categorized as normal according to the guidelines that were current at the time of data 

collection [78]. Most women (64.3%) had been pregnant more than once; and their 

highest educational level was secondary school (67.8%). Finally, in the analytical sample, 

289 women were allocated to the treatment group of the calcium supplementation RCT, 

whereas 279 were allocated to the placebo group. The characteristics of women who were 

excluded were not significantly different from those who were included. 

Detailed descriptive statistics of dietary fluoride intake by pregnancy visits are 

provided in Table 2. This sample of pregnant women living in Mexico City had a median 
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dietary fluoride intake of 0.69 mg/day, ranging between a minimum of 0.11 and a 

maximum of 3.73 mg/day (for a total of 1649 observations at all pregnancy visits). 

Bivariate statistics for key dietary variables by pregnancy visits 

Table 3 summarizes bivariate statistics of key dietary variables by pregnancy 

visit. Variability in both dietary fluoride intake and total energy intake over the course of 

pregnancy was found. Women had a median dietary fluoride intake (IQR) that ranged 

from 0.64 mg/day (0.38) in visit 1 to 0.72 mg/day (0.44) in visit 3, and the tendency to 

increase was statistically significant. Considering that the median weight across 

pregnancy was 65 kg, this range of median fluoride- intake throughout pregnancy 

corresponds to 0.01 mg/kg/day. Estimates of dietary fluoride intake between those who 

reported adding table salt after cooking their meals and those who did not, were not 

significantly different (0.67 mg/day IQR 0.47 vs 0.70 mg/day, IQR 0.40, respectively) 

(data not shown in Table 3). In contrast to dietary fluoride, median total energy intake 

significantly decreased for the second pregnancy visit (median gestational age: 25.4 

weeks). There were also variations in overall compliance and individual-nutrient 

compliance across pregnancy visits. Compliance with both calcium and iron were 

associated with pregnancy visit. For calcium, compliance rose from 51.2% in the 1st, 

58.6% in the 2nd and, 62.0% in the 3rd pregnancy visit, whereas for iron compliance was 

6.0% in the 1st, 7.1% in the 2nd and 5.5% in 3rd visit. In contrast, although compliance 

with protein intake was also associated with pregnancy visit, a tendency to decrease was 

observed (68.7, 62.6 and 56.8% for the 1st, 2nd, and 3rd pregnancy visits, respectively). 

Compliance with folate intake from dietary sources experienced a slight increase towards 

the middle stage, followed by a decrease towards the end of gestation (5.8, 6.3 and 3.8% 
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for the 1st, 2nd and 3rd pregnancy visits, respectively), and had no statistically significant 

association with pregnancy visit. Finally, women were mostly moderately compliant with 

dietary recommendations, and this trend was held across time. Only a slight increase in 

the proportion of women who were noncompliant towards the end of pregnancy was 

observed, although this was not statistically significant. Towards the end of pregnancy 

(3rd visit), the proportion of women reporting adding table salt after cooking was lower 

(30.3% in 1st vs. 22.6% in 3rd visit); whereas the proportion of women reporting the use 

of dietary supplements was higher (23.4% in 1st visit vs. 37.9% in the 3rd) (Table 3). 

Median fluoride intake from dietary sources for women allocated to the calcium 

supplementation group in the RCT was significantly higher than that of women allocated 

to the placebo group (overall median 0.71 vs 0.67, p=0.03; not shown in Table 3), 

therefore RCT allocation group was also included as a covariate in the models. 

Adjusted dietary fluoride intake by pregnancy visits and compliance with dietary 

recommendations 

After adjustment for covariates, the association between dietary fluoride intake 

and pregnancy visit was significant (p<0.001, Table 4). Compared to the 1st visit (~13.6 

weeks gestation), women who attended the 2nd and 3rd visits (~25.4 and ~34.3 weeks, 

respectively) ingested on average 0.04 and 0.08 mg of fluoride per day. The adjusted 

predictions of dietary fluoride intake from foods and beverages during pregnancy 

therefore increased from 0.72 [CI: 0.70-0.74] in the 1st, to 0.76 [CI: 0.74-0.77] in the 2nd, 

and 0.80 [CI: 0.78-0.82] in the 3rd pregnancy visit (Figure 1). Women who reported 

intake of dietary supplements other than the one provided for the RCT ingested on 

average 0.03 mg F/day less compared to women who did not take other supplements 
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(p=0.027). Furthermore, compared to non-compliant women, those who were moderately 

and highly compliant with dietary recommendations ingested on average 0.04 and 0.14 

more mg of fluoride per day, respectively (Table 4). The covariates included in the 

model were total energy intake, allocation group in the calcium supplementation RCT, 

intake of other supplements and pre-pregnancy BMI. 

In order to understand which nutrients were associated with changes in dietary 

fluoride intake, the association between compliance with individual nutrients and dietary 

fluoride intake was also assessed. Compared to women who did not meet calcium and 

iron recommendations, those who were compliant with calcium and iron 

recommendations ingested on average 0.12 and 0.18 more mg F/day, respectively 

(p<0.001). In contrast, women who were compliant with folate recommendations 

ingested on average 0.12 less mg F/day, compared to those who did not meet 

recommendations (p=0.009) (Table 5). Compliance with protein intake recommendations 

was not associated with dietary fluoride intake.  
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Discussion 

Median dietary fluoride intake in this sample of pregnant women living in Mexico 

City was 0.69 (min - max: 0.11 – 3.73) mg F/day, or 0.01 mg/kg/day [90]. To date, only 

two other studies have reported dietary fluoride intake during pregnancy in large samples 

of pregnant women. In Canada, fluoride intake from beverages was assessed in 162 

pregnant women living in communities with access to fluoridated water, with a reported 

intake of (mean ± SD) 0.93 ± 0.43 mg F/day [47]. Another study, conducted in Spain in 

575 pregnant women also living in a community with access to fluoridated water, 

reported a median fluoride intake from beverages of 0.02 mg/kg/day (min - max: 0.005 – 

0.043) [46]. While the median dietary fluoride intake reported in our study is lower than 

in other study populations, there are differences that limit the ability to make direct 

comparisons between these three studies. First, the study samples were drawn from 

populations exposed to different vehicles for community fluoridation. In Mexico City, 

community-wide fluoridation of salt is used, while in the Canadian and Spanish studies, 

women had access to fluoridated drinking water. Second, the studies from Canada and 

Spain only report fluoride intake from beverages, while we report fluoride intake from 

both foods and beverages, including bottled and tap water. Nonetheless all three study 

populations found dietary fluoride intakes in pregnancy below the USA-IOM’s AI 

recommendation of from all sources.  

Our report has several strengths in the area of fluoride exposure assessment, 

including repeated measures reported over the course of pregnancy, use of a validated 

instrument of dietary assessment and, a fluoride database specific to the population under 

study. Limitations of this study include those inherent to FFQ-derived estimates and 
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secondary data analyses. First, low fluoride water (<0.01 mg/L) and fluoridated salt with 

standard F levels (250 ppm/kg) [66] were used to prepare foods that are consumed 

cooked. There may be variation in the natural levels of fluoride in water and even among 

and within brands of salt [79], with the potential to add uncertainty to the estimates. And 

second, we lack quantitative estimates of table salt added after cooking. We believe, 

however, that as fluoride levels in Mexico City are low (<0.7 ppm) [79] and levels of 

fluoride in salt are regulated by the government [66,80], the lack of a quantitative 

estimate of fluoride in salt after cooking is the main source of uncertainty in the present 

study, which most likely underestimates the true dietary fluoride intake. To control for 

potential differences that could be explained by the habit of table salt use, we used a 

dichotomous question on the practice of adding table salt to meals after the cooking 

process (yes/no) that was available in the FFQ. This variable allowed us to make a rough 

calculation of what total fluoride intake would look like in women who add salt to their 

meals. Using a quantitative report of added table salt by Mexican non-pregnant women 

aged 23-50 years in the State of Mexico (5.4 g of salt/day) [91] and assuming all salt gets 

ingested at a concentration of 250 ppm fluoride, women in our study who reported adding 

table salt to their meals (median dietary fluoride intake of 0.67 mg F/day) would be 

ingesting about 1.31 mg F/day (0.02 mg F/kg/day)  −approximately double the amount of 

those who reported not adding extra salt. This approximation, however, should be 

interpreted with caution, as quantitative estimations of salt intake after cooking were not 

made in the sample under study. We recommend the inclusion of quantitative measures 

of table salt intake for future studies in populations of pregnant women exposed to 

fluoridated salt. Furthermore, the median dietary intake found for this population (0.69 
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mg F/day) constitutes the contribution of only intrinsic fluoride in foods and fluoride 

from salt added to foods during the cooking process. To provide a broader perspective of 

fluoride exposure, future research should also consider the contribution of other sources 

of fluoride, such as occupational exposures and the unintentional intake of fluoridated 

oral hygiene products.  

Dietary fluoride intake in this sample of pregnant women increased with the 

progression of pregnancy, suggesting that dietary fluoride intake does change during 

gestation − as would be expected given increased food consumption by pregnant women 

to meet the nutrient demands of the growing fetus. We were interested in testing whether 

the increase observed in fluoride intake throughout pregnancy remained after controlling 

for covariates that explain dietary fluoride intake such us total energy intake, the practice 

of addition of table salt after cooking, and compliance with dietary recommendations. We 

chose these variables because most nutrients, including fluoride, have a positive linear 

relationship with total energy intake [92]; pregnant women increase their total energy 

intake towards the end of gestation responding to an increased resting metabolic rate 

[93]; and there is tendency to change dietary behaviors with the progression of pregnancy 

[94]. In fact, controlling for total energy intake, women who attended the 2nd and 3rd 

pregnancy visits ingested more fluoride compared to those attending the 1st, 0.14 mg 

F/day (~0.2 mg/day total) if they were compliant with pregnancy dietary 

recommendations. The biological significance of an increase of ~0.2 mg F/day during the 

third trimester of pregnancy (~7% of the current recommendation) is, however, still 

unknown and should be considered for future research. Studies on the association 

between maternal dietary fluoride intake and health outcomes in the offspring are needed 
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to investigate the biological significance of the current levels of intake. Only one study 

has reported that a 1-mg increase in maternal fluoride intake from beverages was 

associated with a 3.7 decrease in intelligence scores among boys and girls [47]; which 

would be of public health significance for  about 10% of the women in the present study 

(90th percentile, Table 1). Further research on the effect of lower prenatal fluoride 

exposure levels on neurodevelopment −such as the median dietary intake found in this 

study (0.69 mg/day) [90], is needed to inform future dietary fluoride intake 

recommendations for pregnant women.  

We were interested in understanding whether Mexican women, attempting to 

meet dietary recommendations, increase their dietary intake of fluoride. We found an 

association between women who were compliant with recommendations for both calcium 

and iron and increased fluoride intake levels (Table 5). This observation could be 

explained by the frequent consumption of calcium- and iron-rich foods with low-to-

moderate amounts of fluoride, which can lead to an overall increase in fluoride intake. In 

Mexico, foods rich in both calcium and iron with a moderate content of fluoride include 

milk, corn-based products, and legumes [77]. We also found that women who reported to 

consume dietary supplements had lower dietary fluoride intakes. A plausible explanation 

for this negative association is that individuals who proactively take supplements tend to 

eat lower amounts of nutrient-dense foods [95]. Therefore, it is possible that pregnant 

women in this sample who reported supplement intake relied on supplementation to meet 

their dietary goals instead of choosing more nutrient-dense foods. Sociodemographic 

factors have also been reported to influence dietary fluoride intake [96]; however, 

although we found no association, we cannot entirely tease out their effect on dietary 
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intakes of this study’s population given that it included a relatively homogeneous group 

of women attending the clinics of the Social Security System in Mexico (IMSS) that 

serves a low-to-middle income population.  

Conclusion 

Within the limitations of this study, we conclude that the levels of dietary fluoride 

intake in the present study population were below the current AI, were greater towards 

the end of gestation and in women who were moderately and highly compliant with 

Mexican dietary recommendations [90]. Given the mounting evidence of potential 

adverse effects [47,71,72] and multiple sources of exposure to fluoride, additional 

assessment and monitoring of dietary intakes and exposures from other community 

sources, especially in vulnerable populations such as pregnant women and children, 

should be considered in future dietary recommendations for fluoride intake.   
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Table 1. Characteristics of women with complete data for all covariates of interest that 

were included in the analytical sample and women who were excluded because they had 

incomplete data [90]. 

                      

  All* 
  Included   Excluded              

 p-value 
  n Median IQR  n Median IQR 

Age at study recruitment (years)  670  568 26.4 8.0  102 27.1 8.1 0.840 

Gestational age  (weeks)    
      

 

Visit 1 635  568 13.6 2.3  67 13.4 2.0 0.775 

Visit 2 557  554 25.4 2.3  3 24.7 2.3 0.503 

Visit 3 528  527 34.3 2.5  1 33.7 0.0 0.726 

Weight (kg)    
      

 

Visit 1 668  568 60.5 13.5  100 61.75 15.5 0.798 

Visit 2 555  554 65.5 13.1  1 77 0.0 0.462 

Visit 3 528  527 69.4 13.5  1 58.2 0.0 0.163 

  All* 
  Included   Excluded 

 p-value 
  n Freq %  n Freq % 

Pre-pregnancy BMI  
  

 
      

 

Underweight 

670 

 

568 

35 6.2  

102 

15 14.7 

0.082 
Normal 

 328 57.7  50 49.0 

Overweight 
 102 18.0  20 19.7 

Obese 
 103 18.1  17 16.6 

Educational Attainment     
      

 

None 

670 

 

568 

1 0.2  102 0 0.0 

0.707 
Elementary 

 129 22.7   21 20.6 

Middle School 
 385 67.8   68 66.7 

Highschool 
 53 9.3   13 12.7 

Marital Status     
      

 

Married 

670 

 

568 

387 68.1  102 73 71.6 

0.451 
Common-law marriage 

 111 19.5   22 21.6 

Single 
 69 12.2   7 6.8 

Divorced 
 1 0.2   0 0.0 

First pregnancy, yes  670  568 203 35.7  102 34 32.1 0.640 

Assigned to Ca supl., yesⴕ  670   568 289 50.8   102 45 44.1 0.208 
 

Note: comparisons between included and excluded women were performed with Mann-

Whitney tests for continuous variables and Chi squared tests for categorical variables. *Total 

number of women with data available for each variable. ⴕNumber of women assigned to the 

calcium supplementation group in the Randomized Clinical Trial 
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Table 2. Dietary fluoride intake (mg F/day) by pregnancy visit. Median gestational age for each visit is specified in parenthesis. The 

"All visits" category represents data for all observations available during pregnancy [90].  

 

  

        
              

                     
                       

 

Pregnancy visit                     
 

N   Mean  SD  Min  10%  25%  50%  75%  90%  Max 

                                              
                       

 Visit 1 (13.6)  568   0.72  0.35  0.11  0.35  0.49  0.64  0.87  1.18  2.05 
                       

 Visit 2 (25.4)  554   0.76  0.36  0.14  0.38  0.52  0.70  0.94  1.20  3.73 
                       

 Visit 3 (34.3)  527   0.79  0.39  0.11  0.40  0.52  0.72  0.96  1.24  3.08 
                       

 All visits  1649  
 0.76  0.37  0.11  0.38  0.51  0.69  0.93  1.21  3.73 
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 Table 3. Bivariate statistics for key dietary variables by pregnancy visits [90]. 

                          

  Pregnancy Visit  
  

  Visit 1 (n=568)  Visit 2 (n=554)  
Visit 3 (n=527)    

    Median IQR   Median IQR   Median IQR    p-value*   

 Fluoride intake (unadjusted, mg/day) 0.64 0.38  0.70 0.42  0.72 0.44  <0.001  

 Total Energy Intake (Kcal) 1811.5 802.5  1785.7 828.2  1802.2 706.0  <0.001  

 
  %   %   %   

 p-valueⴕ  

 Compliance with individual nutrients    

(% above AI or EAR) 
        

   

 Calcium (AI: 1000 mg/day) 51.2  58.6  62.0  <0.001  

 Iron (EAR: 22 mg/day) 6.0  7.1  5.5  0.571  

 Folate (EAR: 520 µg/day) 5.8  6.3  3.8  0.151  
 Protein (EAR: 0.88 g/kg/day) 68.7  62.6  56.8  <0.001  

 Overall compliance   
 

 
 

  
 

    

 None 25.4  27.1  30.4  
0.412 

 

 Moderate 66.9  64.7  62.7   

 High 7.8  8.1  6.8   

 Adds table salt after cooking, yes 30.3  28.6  22.6  0.012  

  Use of other supplements, yes 23.4   32.0   38.0   <0.001   
 

IQR: Interquartile range 

* Friedman test (n=511) 
ⴕ Chi-square test 

‡ None: noncompliant with all of the nutrients (0/4); moderate: compliant with one or two nutrients (1/4 or 2/4); and high: compliant with three or 

all the four nutrients (3/4 or 4/4).  
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Table 4. Associations between daily fluoride intake (mg/day), pregnancy visit and 

compliance with dietary recommendations [90].  

                        
            

 n=568  β*  SE  95% CI  p-value  

                        
            

 Pregnancy Visit  
         

 Visit 1  Ref  Ref  Ref Ref  Ref  

 Visit 2  0.04 
 

0.01 
 

0.01 0.06 
 <0.001  

 Visit 3  0.08 
 

0.01 
 

0.06 0.10 
 <0.001  

            

 Compliance ⴕ   
         

 None  Ref  Ref  Ref Ref  Ref  

 Moderate   0.04  
0.02 

 
0.01 0.08 

 0.004  

 High   0.14  
0.03 

 0.08 0.20  <0.001  

            

 Intake of other supplements‡          
 

 Yes  -0.03  0.01  -0.05 0.00  0.027  

            

 Use of table salt after cooking          
 

 Yes  -0.01  0.01  -0.04 0.01  0.289  

                        
 

Note: Estimates from a one-way random effects GLS regression model adjusted for total energy 

intake, allocation group in the calcium supplementation RCT, intake of other supplements and 

pre-pregnancy BMI. 

 

ⴕ None: noncompliant with all of the nutrients (0/4); moderate: compliant with one or two 

nutrients (1/4 or 2/4); and high: compliant with three or all the four nutrients (3/4 or 4/4).  

 

‡ Supplements other than the one provided for the calcium supplementation RCT. 
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Table 5. Associations between daily fluoride intake and compliance with individual key 

nutrients [90]. 

                        
            

 n=568  β*  SE  95% CI  p-value  

                        
            

 Calcium  
         

 Non compliant  Ref  Ref  Ref Ref  Ref  

 Compliant  0.12  0.01  0.09 0.14  <0.001  
            

 Iron  
         

 Non compliant  Ref  Ref  Ref Ref  Ref  

 Compliant  0.18  0.27  0.13 0.24  <0.001  

   
          

 Folate  
         

 Non compliant  Ref  Ref  Ref Ref  Ref  

 Compliant  -0.12  0.03  -0.18 -0.064  <0.001  
            

 Protein  
         

 Non compliant  Ref  Ref  Ref Ref  Ref  

 Compliant  -0.02  0.02  -0.05 0.01  0.247  
            

                        
            

 

Note: Estimates from a one-way random effects GLS regression model adjusted for pregnancy 

stage, allocation group in the calcium supplementation RCT, intake of other supplements, total 

energy intake, addition of table salt after cooking (yes/no), pre-pregnancy BMI and educational 

attainment. 
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Figure 1. Estimated fluoride intake (95% CI) by pregnancy visit [90]. 

 

 

Note: Estimates from a one-way random effects GLS linear regression model adjusted for total 

energy intake, allocation group in the calcium supplementation RCT, intake of other supplements 

and pre-pregnancy BMI. 
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STUDY 2: 

ASSOCIATIONS BETWEEN URINARY FLUORIDE AND DIETARY FACTORS 

DURING PREGNANCY AND ONE-YEAR POSTPARTUM IN MEXICAN 

WOMEN 

Summary 

For this study, it was hypothesized that pregnancy and its associated dietary 

changes affect the concentration of fluoride in urine. During pregnancy and one-year 

postpartum, this study: 1) compared urinary fluoride levels between each state; and 2) 

assessed the association between urinary fluoride and dietary factors that are known to 

influence the renal handling of fluoride, namely, dietary fluoride intake (F), calcium (Ca) 

intake from both diet and supplements, dietary acid load (AL), and use of table salt (TS) 

after cooking (yes/no).  

A total of 421 women were included in the study sample, of whom 167 attended 

at least one visit during pregnancy. Dietary factors were estimated from validated FFQs. 

Urinary fluoride (UF, mg/L) was determined by microdiffusion/fluoride-specific 

electrode and dilution-corrected with specific gravity (SG). Data were summarized with 

descriptive statistics. A longitudinal random effects models for pregnancy and a cross-

sectional linear regression model for one-year postpartum were generated. 

SG-corrected UF levels (median, range) during pregnancy (0.77, 0.01 – 4.73 

mg/L) did not significantly differ from 1-yr postpartum levels (0.75, 0.15 – 2.62 mg/L); 

but did increase every 10 gestational weeks (β= 0.05 [CI: 0.00 – 0.10]). Dietary F and Ca 

intake, and AL were not associated with UF in either state. Ca supplementation decreased 

UF only during pregnancy (β= -0.012 mg/L [CI: -0.023 – 0.00]). Reporting the addition 
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of TS to meals was associated with a 12% increase in UF only at 1-yr postpartum 

(p=0.026).  This research suggests that pregnancy and its associated dietary factors affect 

urinary fluoride levels in spot urine samples.  

Introduction 

The urinary excretion of fluoride is a contemporary biomarker of fluoride 

exposure validated for children and nonpregnant adults [30,97] and is traditionally used 

for the monitoring of water or salt fluoridation programs for the prevention of dental 

caries [98]. More recently, this biomarker has been used as a proxy for prenatal fluoride 

exposure in epidemiological studies in women and children, which have found 

associations between maternal spot urinary fluoride and neurodevelopmental and 

cognitive outcomes in children living in communities with implemented water or salt 

fluoridations programs [47,71,72]. However, our current knowledge of urinary fluoride as 

a biomarker of prenatal fluoride exposure is based on research mostly conducted in 

children and nonpregnant adults [30,97]. 

In healthy non-pregnant adults, around 60% of a given amount of absorbed 

fluoride is excreted through the urinary system [21]. The renal handling of fluoride 

involves tubular reabsorption mediated by a pH-dependent process: any acute or chronic 

condition affecting urinary pH increases fluoride’s chance to remain circulating in the 

body or accelerates its rate of elimination [35]. Urinary fluoride increases proportionally 

to its dietary intake [30], but there are other dietary factors known to influence the 

concentrations of fluoride in urine and/or the urinary pH, including calcium intake [99] 

and the acidity of the dietary pattern [35]. For instance, experimental studies in 

volunteers consuming diets associated with an acidic urinary pH (high in meat and 
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animal products), reported lower urinary excretion of fluoride compared to those 

consuming diets associated with alkaline urinary pH (high in fruits and vegetables) 

[35,36]. On the other hand, physiological factors that influence the concentration of 

urinary fluoride of healthy nonpregnant adults include bone metabolism [18] and 

disturbances of the acid-base balance [100]. 

In the pregnant state, most of the factors that influence the absorption, 

distribution, and renal excretion of fluoride converge: dietary changes [55], adjustments 

in the renal system [48], increased bone turnover [49], and chronic respiratory alkalosis 

[51].  All of these factors return to non-pregnant levels by about three months postpartum 

[48]. Available studies on urinary fluoride during pregnancy have compared levels in 

spot samples between pregnant and nonpregnant (or postpartum) women [36,59–61], 

with contradictory results and discussions centred in fetal fluoride uptake [59,61]. It is 

therefore still unknown whether pregnancy and its associated dietary factors affect the 

concentration of fluoride in spot urine samples. This information is necessary to advance 

our knowledge on fluoride biomarkers, which are important in assessing prenatal fluoride 

exposure in human populations.  

We hypothesized that pregnancy and its associated dietary changes affect the 

concentration of fluoride in urine. The aims of this study were: 1) to compare urinary 

fluoride during pregnancy vs. one-year postpartum, and 2) to assess the association 

between urinary fluoride and dietary factors that are known to influence the renal 

excretion of fluoride, over the course of pregnancy and one-year postpartum. 
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Methods 

Study sample  

The source population were women from the Early Life Exposures in Mexico to 

ENvironmental Toxicants (ELEMENT) project. ELEMENT comprises three mother-

child pregnancy and birth cohorts, initiated in the 1990s to study early life exposures and 

health outcomes in Mexico City. Mexico has a salt fluoridation program implemented 

since 1981 [66]; therefore these women included fluoridated salt in their diets. Details 

and demographic characteristics of the entire project are published elsewhere [65]. 

Briefly, pregnant women attending three clinics of the Mexican Institute of Social 

Security (IMSS), living in Mexico City, and who had the intention to stay during the next 

5 years were invited to participate. Included participants in this study were women who 

were in their first trimester (<14 weeks), had a healthy singleton pregnancy, no history of 

hypertension or diabetes and agreed to participate through written informed consent. 

Participating women were aware that their data were fully anonymized and were invited 

to attend the research facility at different time-points during pregnancy and up to one-

year postpartum. During each study visit, a trained social worker applied a general 

demographic questionnaire and a Food Frequency Questionnaire (FFQ) to each 

participant, and measured weight and height using calibrated instruments. Participants 

also provided early morning second-void spot urine samples, which were archived in the 

project’s biorepository at -70°C until analysis. The Institutional Review Boards of the 

National Institute of Public Health of Mexico, the University of Michigan and Indiana 

University approved all study procedures. 
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The source population and inclusion criteria for the study sample are summarized 

in Figure 2. The source population consisted of participants who were recruited between 

2001 to 2003 (ELEMENT Cohort 3) and were followed during pregnancy or one-year 

postpartum (n=443). From the source population, only participants who had available the 

following criteria were included in the study sample: 1) at least one archived urine 

sample with adequate volume for fluoride and specific gravity analyses (SG), collected at 

any pregnancy visit or one-year postpartum; and 2) complete demographic, 

anthropometric and dietary (FFQ) data. A total of 421 women were included in the study 

sample. From these 421 women, 167 and 421 attended visits during pregnancy and one-

year postpartum, respectively. From the 167 women with available data at any pregnancy 

visit, 135 attended the study’s 1st pregnancy visit; 101 attended the 2nd and 71 attended 

the 3rd. The data available one-year postpartum is cross-sectional and corresponds to one 

study visit.  

Dietary variables 

Dietary variables were calculated using data from a semiquantitative Food 

Frequency Questionnaire (FFQ) that was applied during each study visit, adapted from 

the Willett semi-quantitative FFQ [83]. The questionnaire was validated to estimate 

dietary intake over the previous month in Mexican women of child-bearing age [85]. It 

consisted of 104 items, and included foods commonly consumed in the 1983 Dietary 

Survey of the Mexican National Institute of Nutrition [84] and a questionnaire on intake 

of dietary supplements and multivitamins. Using the reported frequencies and portion 

sizes from the FFQ, estimates of dietary intake of macro- and micronutrients, minerals 

and trace elements were calculated through a software developed at the National Institute 
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of Public Health (INSP). The software utilized the INSP-compiled nutrient composition 

database [87] and a fluoride database specifically developed for the ELEMENT project 

[77].  

Dietary fluoride intake: table salt is the major source of dietary fluoride for those 

living in Mexico City, due to the salt fluoridation program [66]. The estimates derived 

from the FFQ included fluoride from beverages, tap and bottled water, and fluoride from 

salt added to foods during the cooking process [77]. Popular dietary supplements 

distributed in Mexico do not contain fluoride and, therefore, the estimates are only from 

the diet and do not include supplement use. 

Addition of table salt to meals: although the amount of salt that was added to food by 

participants after cooking is unknown, the questionnaire did include a dichotomous 

question on whether salt was added to meals at the table, which we used as a proxy for 

added salt after cooking.   

Calcium from RCT: an additional source of calcium for about half of the study 

participants was a calcium supplementation regimen. ELEMENT’s Cohort 3 (the source 

population) was originally designed as a double-blind Randomized Clinical Trial (RCT) 

to examine the effects of calcium supplementation on blood lead levels during pregnancy 

and up to one-year postpartum [101]. For this study, the original RCT design of the 

cohort was leveraged to assess the association between urinary fluoride and calcium 

supplementation. Women were randomized to receive either the calcium supplement or 

placebo and were provided with a bottle containing pills with the assigned treatment at 

each study visit. Participants were instructed to consume two pills containing 600 mg of 

calcium as calcium carbonate at bedtime (1200 mg calcium/day total).  A dichotomous 
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variable on RCT group allocation (supplement/placebo) was used to assess the 

association between urinary fluoride and RCT group allocation. During each visit, 

participants returned the treatment bottle to a research assistant, who performed pill count 

since the last visit to register adherence to the treatment. This adherence registry was 

used to estimate a continuous variable of calcium intake (mg/day) from the RCT (% of 

the required dose ingested per day*1200 mg) [67] and used to assess the association 

between urinary fluoride and the actual dose of calcium supplement intake in a sensitivity 

analysis.  

Dietary calcium intake: estimates of dietary calcium intake included both calcium 

from foods and beverages, and from other dietary supplements consumed by study 

participants, reported in the FFQ. 

Dietary acid load: the excretion of fluoride is modified by the acidity of the diet, 

which modifies the body’s acid-base balance. For this study, we estimated the Net 

Endogenous Acid Production (NEAP) − the ratio of the estimated dietary intake of 

protein (acid precursor) and potassium content (base precursor) as a proxy of the acid 

balance in healthy individuals. The dietary acid load was estimated using the equation 

determined by Frassetto et al. [102]:  

                                              NEAP = −10.2+54.5 × (Pro/K)          (1) 

Where NEAP is the net endogenous acid production (mEq/day), Pro is the daily 

dietary intake of protein (g/day), and K is the daily intake of potassium (mEq/day) from 

both diet and supplements.  
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Urinary fluoride and specific gravity (SG)  

Urinary fluoride was determined with the hexamethyldisiloxane (HMDS) 

microdiffusion and fluoride-specific electrode method [81], as modified by Martinez-

Mier [82]. Each urine sample was thawed and vortexed at room temperature. A 1.0 mL 

aliquot was reserved for fluoride analyses and a second aliquot (~0.8 mL) was used to 

measure urinary SG. The 1.0 mL urine aliquot was pipetted into a disposable petri dish.  

A trap of 0.05N sodium hydroxide solution was placed in the form of five equal drops on 

the inside of the lid. After a tight sealing with petroleum jelly and burning a small hole 

into each lid, HMDS-saturated 3N sulfuric acid was pipetted and the fluoride was 

allowed to diffuse overnight at room temperature. The following day, the petri dish was 

opened, and the solution of diffused fluoride contained in the lid was recovered, buffered 

to pH 5.2 with 0.1 M acetic acid and then diluted in deionized water. Most analyses were 

performed in duplicate (providing the availability of a sufficient volume of urine). The 

concentration of fluoride was then measured using a fluoride ion selective electrode 

coupled to a pH/ISE meter (Orion™ Fluoride Electrode and Dual Star™ pH-meter, 

Thermo Scientific, Waltham, MA). A calibration curve using fluoride standards (Orion™ 

ISE calibration standards) was constructed following the same procedure. Millivolt 

readings from the samples were recorded and the unknown concentrations of fluoride 

from urine samples were determined using the equation that explained the relationship 

between the log of the fluoride concentration of the standards, and their corresponding 

millivolt readings (R2 > 0.9). Testing included a daily standard check using a fluoride 

standard traceable to NIST (National Institute of Standards and Technology, U.S 

Department of Commerce) after sample analysis.  
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The measurement of urinary SG took place in a dark room using a pen 

refractometer (ATAGO®). The prism head of the refractometer was immersed into the 

0.8 mL urine aliquot, and the sample’s reading was recorded. SG-corrected fluoride in 

urine was calculated using  a standard equation [103] as modified by Till et al. [63]:  

                                         UFSG = UFi× (SGM-1)/(SGi-1)                (2) 

Where UFSG is the SG-corrected fluoride concentration (mg/L), UFi is the observed 

fluoride concentration, SGi is the SG of the individual urine sample, and SGM is the 

median SG for all available urine samples for either pregnancy or one-year postpartum, 

depending on the case. 

Statistical analyses 

Exploratory data analyses were conducted using univariate and bivariate graphical 

summaries. Summary statistics used for continuous variables included means, medians, 

range, standard deviation (SD) and interquartile range (IQR); whereas categorical 

variables were summarized with frequencies and percentages. Comparisons were 

performed using Mann-Whitney and Chi-squared tests. Given that each physiological 

state is associated with unique variables (e.g gestational age during pregnancy and 

breastfeeding in the postpartum); two different models to assess the relationship between 

urinary fluoride and dietary factors were generated: a longitudinal model for pregnancy 

(with repeated measures at different gestational ages) and a cross-sectional linear 

regression model for the one-year postpartum data.   

Pregnancy model (longitudinal): to account for time and individual-specific effects 

during pregnancy, regression models for panel data were generated. Given that individual 

effects were uncorrelated with the regressors (Hausman test) and the presence of 



 

48 

 

groupwise heteroscedasticity (Modified Wald test), pregnancy data were fit to a random 

effects Generalized Least Squares (GLS) regression model with heteroscedasticity-robust 

standard errors. The outcome variable was the uncorrected concentration of fluoride in 

urine (mg/L) and the explanatory variables of interest were dietary fluoride intake 

(mg/day), adding table salt after cooking (yes/no), dietary calcium intake, calcium from 

RCT (supplement/placebo), dietary acid load and gestational age. Based on our review of 

the literature, covariates that were included as potential confounders were total energy 

intake and pre-pregnancy BMI. SG was included as a covariate in the model, so the 

significance of other variables could be independent of its effects [104].  

One-year postpartum model (cross-sectional): linear regression models for one-year 

postpartum were generated. The outcome variable was the natural log-transformed 

uncorrected urine fluoride concentrations in urine (mg/L) and the explanatory variables 

of interest were dietary fluoride intake, reporting adding salt to meals, dietary calcium 

intake, calcium from RCT (supplement/placebo) and dietary acid load. Covariates 

included: urinary SG, total energy intake, age, months since delivery, breastfeeding 

(yes/no) and BMI at the “one-year postpartum” visit. Studentized residuals displayed a 

normal distribution and were homoscedastic.  

For both models (pregnancy/one-year postpartum) sensitivity analyses were 

performed using the continuous variable of calcium intake (mg/day) from the RCT that 

was estimated from the treatment’s adherence registry, instead of the dichotomous 

variable (supplement/placebo).  All analyses were conducted with STATA v16.0 

(StataCorp LP, College Station, TX, USA). 
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Results 

Characteristics of the study sample 

The characteristics of the study sample are summarized in Table 6. Women with 

available data during pregnancy (n=167) had a median age (IQR) of 26.7 (7.5). Included 

women completed 11 to 12 years of education − equivalent to high school diploma, and 

most had low or very low socioeconomic status (~57%). Most women were married or 

cohabitating with a partner, and most (~65%) had been pregnant at least once before 

participating in the ELEMENT project. Although most women with data available during 

pregnancy were classified with a pre-pregnancy BMI in the range of normal, the BMI of 

women with data available one-year postpartum tended to shift towards the overweight 

and obese categories, and the difference was statistically significant (p=0.002). Around 

half of the included women were allocated to the calcium supplementation group, and the 

other half were allocated to the placebo group of the RCT. The characteristics of the 

women included vs. excluded during pregnancy and postpartum were similar, although 

women excluded from the pregnancy analyses for having incomplete data had a higher 

education level (p=0.011, Table 7). 

Descriptive statistics for key time-varying variables 

The measurement of key dietary variables took place one-to-three times during 

pregnancy, and once for the one-year postpartum visit and are summarized in Table 8. 

Median gestational age for the 1st, 2nd and 3rd pregnancy visits was 13.1, 25.3 and 33.9 

weeks, respectively. On the other hand, the “one-year postpartum” visit occurred at a 

median time of 12.2 months. As expected, total energy intake tended to increase with the 

progression of gestation and was higher compared to one-year postpartum (p=<0.001). 
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The dietary intake of fluoride and calcium followed a similar increasing tendency over 

the course of gestation and were statistically significantly higher compared to one-year 

postpartum. In contrast, the acid load of the diet was lower during pregnancy compared to 

one-year postpartum and the difference was statistically significant. In general, most 

women reported not adding table salt after cooking, and the voluntary use of dietary 

supplements (not the RCT supplement) was higher at one-year postpartum compared to 

pregnancy. Around 30% of women reported to be breastfeeding their children by the time 

of the one-year postpartum visit. 

Urinary fluoride during pregnancy and one-year postpartum 

Detailed descriptive statistics of the concentration of fluoride from second-void 

morning spot urine samples at each pregnancy visit and at one-year postpartum (corrected 

and uncorrected for dilution effects) are presented in Table 9. The distributions of 

fluoride concentrations corrected and uncorrected for the effects of dilution during 

pregnancy and one-year postpartum were not significantly different. Urinary SG was 

significantly higher (urine was more concentrated) at one-year postpartum (p=0.002). 

Association between urinary fluoride and dietary factors  

The results of a longitudinal, random effects model for pregnancy are summarized 

in Table 10. The association between urinary fluoride and addition of table salt after 

coking was not significant. Women who were assigned to a calcium supplementation 

regimen (1200 mg calcium/day) excreted on average 0.12 mg/L less fluoride [95% CI:-

0.023, 0.00] compared to women who did not take calcium supplements (Table 10). This 

effect was observed exclusively for calcium from supplements and not for dietary 

calcium. In sensitivity analyses, when calcium supplementation was included as a 
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continuous variable (calculated by means of pill-count at each visit as described in the 

methods section), for each 100 mg of calcium supplement intake, supplemented women 

excreted 0.02 mg/L less fluoride [95% CI: -0.03, 0.00] compared to non-supplemented 

women (p=0.014). An association between urinary fluoride and dietary acid load was not 

found. On the other hand, urinary fluoride slightly increased with the progression of 

pregnancy: for every 10 weeks of gestation, the concentration of fluoride in urine 

increased 0.05 mg/L [95% CI:0.00, 0.10]. Figure 3 displays the relationship between 

gestational age and urinary fluoride as predicted by the multivariate longitudinal model, 

according to calcium supplementation groups.  

Table 11 summarizes the results for the one-year postpartum model. In contrast to 

what was observed during pregnancy, urinary fluoride at one-year postpartum was 

associated only with the addition of table salt after cooking. On average, women who 

reported adding table salt excreted 12% more fluoride [95% CI: 1.40, 23.87] compared to 

those who did not, controlling for breastfeeding practices, urinary SG, time since 

delivery, total energy intake, age, and BMI.   

Discussion 

The concentration of urinary fluoride in SG-corrected and uncorrected spot urine 

was not significantly different in pregnancy vs. one-year postpartum (Table 9). Two 

reports, comparing spot urine fluoride between samples of pregnant and nonpregnant 

women, concluded that lower concentrations of urinary fluoride during pregnancy vs. 

nonpregnant controls, discussing findings as potential evidence of fetal uptake of fluoride 

[59,61]. However, those investigations date back several decades and urinary fluoride 

was not corrected for dilution effects − which are critical in considering the use of spot 
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urine samples and the challenges that pregnancy presents for water homeostasis and 

hydration [105]. In fact, in this study we found that urinary SG was significantly lower 

during pregnancy (urine was more diluted, Table 9), which artificially lowers the levels 

of any analyte in the sample and highlights the importance of performing comparisons 

considering the effects of urine dilution.  The presently observed lack of significant 

differences in SG-corrected spot urine fluoride levels between pregnancy and one-year 

postpartum agree with two experimental studies that utilized 24 h urine collections 

[36,60] (which do not require correction for dilution). There are, however, changes in 

urinary fluoride levels during the gestation period. When gestational age was included as 

an independent variable in a model to explain urinary fluoride during pregnancy, we 

observed a 0.05 mg/L increase in urinary fluoride for every 10 weeks of gestation (Table 

10). This result is consistent with a recent study conducted in a large sample of pregnant 

women (n=1566), where maternal urinary fluoride increased from the first to the third 

trimester [63]. An increase in urinary fluoride over the course of gestation can be 

explained by the renal-compensated, chronic, mild respiratory alkalosis experienced 

during pregnancy, which alkalinizes the urinary pH [51,52] with a consequent increase in 

fluoride’s excretion rate.  Our results differ, however, from a previous study performed in 

all cohorts from the ELEMENT project, which found a tendency for fluoride in urine to 

decrease over the course of gestation [62]. Methodological differences may explain this 

discrepancy: in the previous ELEMENT study [62], the method for the correction of 

urinary dilution was creatinine, which can be affected by BMI [105,106], maternal age 

[107] and gestational age [105].  In the current study, we used urinary SG, which has 

been reported to be a less variable indicator of hydration status during pregnancy [105]. 
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Collectively, these differences among studies highlight the importance and influence of 

dilution-correction methods in the assessment of urinary fluoride in spot urine samples. 

Changes in urinary fluoride levels have been noted in all studies over the course of 

gestation, highlighting the importance of including gestational age as a covariate in the 

analysis of urinary fluoride in pregnant women.  

Associations between urinary fluoride in second-void spot urine samples and 

fluoride intake assessed with a FFQ were not found, neither during pregnancy nor one-

year postpartum. There is evidence of a positive linear relationship between dietary 

fluoride intake measured with duplicate-diet approaches and urinary fluoride collected 

over 24 h in children and nonpregnant adults [108]. However, given that after ingestion 

fluoride is rapidly eliminated from the body [18], studies using other dietary assessment 

methods, such as questionnaires and recalls over longer periods of time, paired with urine 

collected over short periods of time (such as the ones that were available for this study), 

have failed to find significant associations between the dietary intake of fluoride and its 

urinary excretion [109,110]. Therefore, the question of whether there is an association 

between dietary fluoride intake and urinary fluoride excretion in pregnant women 

remains unanswered and future studies assessing diet over shorter periods of time paired 

with 24 h urine samples are encouraged.    

As expected for a population exposed to fluoridated salt [66], women who 

reported adding table salt after cooking had 12% higher concentration of fluoride in urine 

compared to those who did not (p=0.026), and this association was observed only at one-

year postpartum. The lack of association between reporting addition of table salt urinary 

fluoride during pregnancy may be explained by changes in the absorption of fluoride 
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during the pregnant state. It could be hypothesized that the vitamin D-mediated 

enhancement of intestinal absorption of calcium during pregnancy − which no longer 

occurs in nonpregnant women −[111] upregulates the mechanisms favoring the 

absorption of calcium, in detriment to the intestinal absorption of fluoride [24,112]. We 

acknowledge that one of the limitations of this study is the lack of quantitative estimates 

of table salt intake after the cooking process, and its inclusion would be recommended for 

future studies in populations exposed to fluoridated salt.  

This secondary data analysis was conducted in a population of women who 

participated in a calcium-supplementation RCT. The WHO recommends calcium 

supplementation during pregnancy (1200-1500 mg/day) for the prevention of pre-

eclampsia and its complications [113], and its use for the prevention of fetal lead 

exposure has also been investigated [114]. In this study, we found that women 

supplemented with calcium (1200 mg/day) had lower urinary fluoride, compared to 

women assigned to the placebo group. This effect was observed only during pregnancy 

(not at one-year postpartum) and only with calcium from supplements. A biologically 

plausible explanation for this finding is the increased bone turnover that occurs towards 

the end of gestation, which mobilizes maternal stores of calcium for fetal transfer [49]. In 

the cohort of women from which this study’s sample was drawn, it was previously 

demonstrated that calcium administered during pregnancy was associated with reduced 

bone resorption [67]. Since fluoride is stored in bone, it could be hypothesized  that the 

inhibition of bone resorption associated with calcium supplementation during pregnancy 

[67] could also inhibit the release of fluoride from bones to plasma. In contrast to what is 

observed during pregnancy, markers of bone turnover decrease in women who continue 
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lactation one-year postpartum and are not affected by calcium supplementation [58], 

which would explain why this finding was exclusive to calcium supplementation during 

pregnancy.  

We also assessed the association between urinary fluoride and the dietary acid 

load, measured with NEAP estimated from the FFQs [102]. Although acidic diets have 

shown associations with lower urinary fluoride excretion [35], and in this study the acid 

load of the diet had a negative regression coefficient, the association was not significant 

in either state. The lack of association may be attributed to the use of spot urine samples 

which usually have weaker correlations with dietary acid load compared to 24 h samples, 

as previously discussed by Welch et al. [115].   

This study had several limitations, such as the use of spot urine samples instead of 

24 h samples and the lack of quantitative estimates of table salt use in a population 

exposed to fluoridated salt.  However, the study also has several strengths compared to 

currently available research on this topic, including larger sample sizes, correction for the 

effects of urinary dilution, repeated measures of urinary fluoride during pregnancy, and 

the incorporation of regression models controlling for important covariates in each state. 

Furthermore, we had the ability to test calcium supplementation in a population who 

participated in a calcium supplementation RCT. Given the increasing number of studies 

using maternal spot urinary fluoride as a biomarker of prenatal fluoride exposure and the 

limited available knowledge on factors affecting urinary fluoride during pregnancy, the 

conduct of this analysis leveraging already existing data is well-justified. 
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Conclusion 

In summary, we found that while urinary fluoride during pregnancy vs. one-year 

postpartum did not significantly differ, levels did increase as pregnancy progressed. 

Dietary fluoride intake and dietary acid load measured with one-month recalls were not 

associated with urinary fluoride either during pregnancy or at one-year postpartum. The 

addition of table salt after cooking was not associated with higher urinary fluoride during 

pregnancy, but only one-year postpartum. Calcium supplementation during the second 

and third trimesters of pregnancy affected urinary fluoride concentrations. Specifically, 

calcium supplementation of 1200 mg/day, decreased urinary fluoride during pregnancy 

but not at one-year postpartum.  

The consideration of the influence of gestational age and calcium supplementation 

during pregnancy is warranted when using maternal urinary fluoride as a biomarker of 

prenatal fluoride exposure. 
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Figure 2. Flow chart of source population and study sample, drawn from the Early Life 

Exposures in Mexico to Environmental Toxicants (ELEMENT) project. 
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Table 6. Characteristics of the study sample at pregnancy and one-year postpartum (time-

invariant). 
 

              

    
Pregnancy        

n=167 

One-year 

postpartum           

n=421 

p-value 
    

  Median IQR Median IQR  
Age* (years)  26.7 7.5 27.8 8.0 − 

Completed years of education  12.0 3.0 11.0 3.0 0.163 

  Freq % Freq %  
Marital Status    

 
   

Married/cohabitating  145 87 367 87 
0.422 

Single/divorced  23 13 54 13 

Socioeconomic status       

High  36 23 44 23 

0.920 
Middle  30 19 38 20 

Low  62 39 74 39 

Very low  29 18 33 17 

Primigravida       

Yes  57 34 149 35 
0.953 

No  110 66 272 65 

BMI**       

Underweight  8 5 16 4 0.002 

Normal  92 55 179 42  

Overweight  32 19 109 26  

Obese  35 21 117 28  

Calcium supplementation      

Placebo  79 47 211 50 
0.611 

Supplemented  88 53 210 50 

Breastfeeding       

Yes  − − 125 30 
− 

No  − − 296 70 

              
 

*Age during pregnancy corresponds to the average age at three pregnancy visits. 

**Pre-pregnancy BMI for pregnancy and BMI at one-year postpartum 
 

Note:Mann-Whitney tests were used for continuous variables and chi-squared tests for categorical 

variables  
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Table 7. Characteristics of women with all data of interest (n=167for pregnancy and n=421 one-year postpartum) and women who 

were excluded due to incomplete data (n=503 for pregnancy and n=22 one-year postpartum). 

                                
Pregnancy One-year postpartum   

Included   Excluded p-value 
 

Included   Excluded p-value 

    Median IQR   Median IQR     Median IQR   Median IQR   

Age (years)  27.0 7.5  26.9 8.2 0.080  27.8 8  27.7 8.8 0.653 

Gestational age in weeks  25.1 18.5  24.9 18.4 0.471  − −  − − − 

Completed years of education  11.0 3.0  11.0 3.0 0.011  11.0 3  11.0 3 0.311 

Time since delivery (months)  − −  − − −  12.2 0.8  12.5 1.2 0.652 

Socioeconomic status   %  %   %  %  
High  23  24 

0.359 

 23  17 

0.125 
Middle  19  26  20  50 

Upper-low  39  35  39  − 

Low  18  15  17  33 

Marital Status   
      

      

Married or cohabitating  87  89 
0.228 

 87  95 
0.251 

Single or divorced  13  11  13  5 

Primigravida   
 

           

Yes  34  36 
0.699  35  23 

0.224 
No  66  64  65  77 

Calcium supplementation    
 

 
  

        

Placebo  47  51 
0.238  50  45 

0.670 
Supplemented  53  49  50  55 

BMI   
 

 
  

        

Underweight  5  7 

0.128 

 4  0 

0.073 
Normal  55  59  43  58 

Overweight  19  17  26  26 

Obese   21   17   26   5 
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Table 8. Key variables measured at different time-points during pregnancy and at one-

year postpartum (time-varying). 
 

    Pregnancy  One-year postpartum  p-value* 

 Gestational Age (weeks) n Median IQR n Median IQR  

 Visit 1 135 13.1 2.1 − − − − 

 Visit 2 101 25.3 2.1 − − − − 

 Visit 3 71 33.9 2.6 − − − − 

 All observations 307 23.7 14.3 421 0.63 0.37 0.008 

 Time since delivery (months) − − − 421 12.2 0.8 − 

 Total Energy Intake (Kcal/day)        

 Visit 1 135 1780.2 847.5 − − − − 

 Visit 2 101 1790.8 903.5 − − − − 

 Visit 3 71 1814.7 681.2 − − − − 

 All observations 307 1792.8 803.0  421   1,613.1   678.4  0.000 

 Dietary fluoride intake (mg/day)        

 Visit 1 135 0.63 0.39 − − − − 

 Visit 2 101 0.74 0.49 − − − − 

 Visit 3 71 0.73 0.42 − − − − 

 All observations 307 0.70 0.43 421 0.63 0.37 0.008 

 Dietary Calcium Intake (mg/day)        

 Visit 1 135 1021.4 695.5 − − − − 

 Visit 2 101 1183.0 795.1 − − − − 

 Visit 3 71 1127.1 582.9 − − − − 

 All observations 307 1102.7 716.8 421 939.5 616.1 0.000 

 Acid Load (NEAP, mEq/day)        

 Visit 1 135 33.2 12.6 − − − − 

 Visit 2 101 33.9 11.9 − − − − 

 Visit 3 71 34.2 12.7 − − − − 

 All observations 307 33.7 12.2 421 36.8 10.7 0.000 

 Adds table salt after cooking, yes n Freq %  n Freq %   p-value* 

 Visit 1 135 35 26 − − − − 

 Visit 2 101 21 21 − − − − 

 Visit 3 71 16 23 − − − − 

 All observations 307 72 23 421 89 21 0.458 

 Use of other supplements, yes        

 Visit 1 135 37 27 − − − − 

 Visit 2 101 33 33 − − − − 

 Visit 3 71 26 63 − − − − 

 All observations 307 96 31 421 173 49 0.007 

 Breastfeeding, yes        

 All observations − − − 421 125 30 − 

*Comparisons among groups using all available observations for each state (Mann-Whitney/chi-

squared tests.
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Table 9. Urinary fluoride (mg/L) at different visits during pregnancy and at one-year postpartum. 

 

        Note: SD, Standard Deviation; SG, Specific Gravity  

         *Mann-Whitney test 

  

                        

 Pregnancy (n=167)   One-year postpartum (n=421) 
p-value* 

 n Mean Median  SD Range   n Mean Median  SD Range 
             

Uncorrected urinary fluoride      
 

      

Visit 1 135 0.85 0.76 0.51 0.10 - 2.35  − − − − − − 

Visit 2 101 0.80 0.65 0.52 0.09 - 2.73  − − − − − − 

Visit 3 71 0.75 0.64 0.53 0.01 - 2.54  − − − − − − 

All observations 307 0.81 0.69 0.52 0.01 − 2.73  421 0.77 0.69 0.49 0.07 − 2.98 0.415 

SG-corrected urinary fluoride             

Visit 1 135 0.82 0.75 0.47 0.08 - 4.73  − − − − − − 

Visit 2 101 0.83 0.77 0.39 0.28 - 2.12  − − − − − − 

Visit 3 71 0.86 0.77 0.51 0.01 - 3.02  − − − − − − 

All observations 307 0.83 0.77 0.46 0.01 - 4.73  421 0.83 0.75 0.37 0.15− 2.62 0.950 

SG             

Visit 1 135 1.016 1.017 0.007 1.002 - 1.035  − − − − − − 

Visit 2 101 1.014 1.014 0.007 1.002 - 1.033  − − − − − − 

Visit 3 71 1.013 1.013 0.005 1.003 - 1.026  − − − − − − 

All observations 307 1.015 1.015 0.007 1.002 − 1.035  421 1.017 1.017 0.008 1.001− 1.046 0.002 
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Table 10. Associations between dietary factors and urinary fluoride during pregnancy 

(n=167; 307 observations). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Note: Estimates from a longitudinal random effects GLS regression, adjusted for urinary specific  

gravity, total energy intake and pre-pregnancy BMI and age at first pregnancy visit  

 

  

                  

 

  
  

  
Urinary Fluoride (mg/L) 

  

 
  

β SE 95% CI p-value  

 Dietary fluoride intake (x100 mg/day)  -0.43 10.85 -21.70 20.84 0.968 
 

 Adds table salt after cooking   
      

 No  Ref Ref Ref Ref Ref  

 Yes  -0.01 0.07 -0.15 0.13 0.856  

 Calcium from RCT  
 

   
  

 Placebo  Ref Ref Ref Ref Ref  

 Supplement  -0.12 0.05 -0.23 0.00 0.021  

 Dietary calcium intake (x1000 mg/day) -0.04 0.10 -0.22 0.15 0.710  

 Dietary acid load (x10 mEq/day)  -0.04 0.03 -0.09 0.02 0.208  

 Gestational Age (x10 weeks)  0.05 0.02 0.00 0.10 0.050  
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Table 11. Associations between dietary factors and urinary fluoride one-year postpartum 

(n=421). 
 

          

  

Log_Urinary Fluoride (mg/L) 

      

 
 Percent change p-value  

         
     

 Fluoride intake (mg/day) -8.04 0.475  

 Adds table salt after cooking    

 No Ref Ref  

 Yes 12.01 0.026  

 Calcium from RCT    

 Placebo Ref Ref  

 Supplement -1.21 0.768  

 Dietary calcium Intake (mg/day) -1.07 0.159  

 Dietary acid load (mEq/day) -4.51 0.062  

          
  

Note: Estimates from a cross-sectional OLS linear regression model, adjusted for urinary specific 

gravity, months since delivery, total energy intake, breastfeeding practices, age, and BMI. 
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Figure 3. Urinary fluoride (mg/L) and 95% confidence intervals for women allocated to 

the placebo group and the calcium supplementation group over the course of gestation, 

adjusting for urinary SG, total energy intake, pre-pregnancy BMI, and age at first 

pregnancy visit.  
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GENERAL DISCUSSION 

This work improves our understanding of fluoride intake during pregnancy and 

maternal urinary fluoride as a biomarker of exposure. Through the development of two 

studies, we investigated the effect of dietary changes associated with pregnancy on both 

the dietary intake of fluoride and spot urinary fluoride, utilizing data collected from the 

Early Life Exposures in Mexico to ENvironmental Toxicants (ELEMENT) project.  

In the first study, we found that the estimated median dietary intake of fluoride in 

Mexican pregnant women was 0.7 mg F/day;  ~77% lower than the IOM’s 

recommendation of 3 mg/day for pregnant women [16]. This estimate is limited in that it 

constitutes the contribution of only intrinsic fluoride in foods and fluoride from salt 

added to foods during the cooking process. To overcome this limitation, future studies 

specifically designed for the assessment of total fluoride exposure, should consider the 

contribution of other sources, such as individual measures of fluoride concentration in 

water and salt − including individual estimates of salt added to meals after cooking; 

occupational and environmental exposures (e.g. cigarette smoke); and the unintentional 

intake of fluoridated dental products. Only through a more comprehensive assessment of 

exposure, will we be able to determine how current levels of exposure compare to the 

IOM’s current recommendation.  

A secondary finding of our dietary exposure study was that the dietary intake of 

fluoride was higher in women who follow the recommendations of intake of beneficial 

nutrients for pregnancy [90]. This finding suggests that the intake of foods in the 

Mexican diet that are rich in nutrients that are beneficial for pregnancy, indirectly 

increase the intake of a trace element that can be potentially harmful for the developing 
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baby. This is, however, another finding that would better inform future recommendations 

if the relative contribution of each source of exposure could be clearly identified, 

emphasizing that from fluoridated water or salt, if available.   

Future studies on the association between maternal dietary fluoride intake and 

health outcomes in the offspring are needed to investigate the biological significance of 

the levels of dietary intake found in this population living in a salt-fluoridated community 

(median (range): 0.7 (0.1-3.7) mg F/day). A study conducted in women living in water-

fluoridated communities in Canada, which had a similar estimated daily intake of fluoride 

from beverages ([mean ± SD] 0.9 ± 0.4 mg/day) reported that an increase of 1 mg in the 

intake of fluoride was associated with a 3.7 decrease in intelligence scores among boys 

and girls [47]. Such a decrease would be of public health significance for the offspring of 

about 10% of women in the present study [90].  

In the second study, we found that although the concentrations of fluoride in urine 

during pregnancy do not significantly differ with those one-year postpartum, they do 

increase with the progression of gestation and are affected by dietary factors. In 

particular, calcium supplementation consumed during the second and third trimesters of 

pregnancy (1200 mg/day), increased the concentrations of fluoride in urine during 

pregnancy, but not one-year postpartum. On the other hand, reporting the use of table salt 

after cooking increases fluoride concentrations in urine one-year postpartum (as it is 

expected for a population exposed to fluoridated salt),; but not during pregnancy. Such 

differences in the dietary variables associated with urinary fluoride in each state suggest a 

potential role for physiological mechanisms, specifically bone metabolism and the 
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intestinal absorption of fluoride. These hypotheses would be worth exploring in future 

research.    

Currently, research in environmental epidemiology validating the use of maternal 

urinary fluoride as a biomarker of prenatal fluoride exposure utilizes variables that have 

been reported to affect urinary fluoride concentrations for the general population [62,63]. 

The differences in the dietary factors that affect fluoride concentrations in urine at each 

state (pregnant vs. one-year postpartum) that we found in this study do suggest that the 

selection of covariates to be considered in future research should be informed by studies 

conducted specifically in the pregnant population.   

Strengths and limitations 

Although the number of people exposed to fluoridated water and salt is similar 

(~300 million people each) [9], exposure research on populations with implemented 

community salt fluoridation programs is scarce. The study on the estimation of fluoride 

intake in Mexican pregnant women presented in this dissertation is the first one 

conducted in a population of pregnant women living in a salt-fluoridated community, 

setting a precedent in fluoride exposure assessment. The strengths of the dietary 

estimations reported in this dissertation include the use of a fluoride database specific to 

the population under study to include both beverages and solid foods [77], a validated 

instrument of dietary assessment that allows for the estimation of multiple nutrients [85], 

and repeated measures of dietary intake over the course of pregnancy adjusting for 

confounders. We also had available repeated measures of fluoride concentrations in urine 

during pregnancy for larger sample sizes compared to similar studies [36,59,61]; and 

analyses were performed with more appropriate analytical methods, adjusting for the 
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effects of urinary dilution and dietary covariates. Furthermore, the original RCT design of 

ELEMENT’s cohort 3 was leveraged to assess the association between calcium 

supplementation during pregnancy and fluoride concentrations in urine. 

Despite several strengths, there are limitations of the research reported in this 

dissertation that need to be mentioned. The cohort was not originally designed to assess 

fluoride exposure [65]; therefore, some conditions were not ideal. First, quantitative 

estimates of salt added to foods after cooking were not available. Instead, a dichotomous 

variable on added salt intake (yes/no) that was available in the questionnaire was used for 

bivariate analyses and as a covariate in multivariate models. It is therefore most likely 

that the true intake of fluoride in this sample of pregnant women is being underestimated. 

For the second study of this dissertation research, we used fluoride estimates derived 

from a one-month recall (FFQ) [85] as an explanatory variable, and fluoride from spot 

urine samples collected during the early morning as the outcome variable in regression 

analyses. However, after ingestion, any given amount of absorbed fluoride is excreted in 

the urine in ~24 h. Therefore, the lack of association between fluoride intake and fluoride 

concentrations in urine in this study can be regarded to the time discrepancy between the 

dietary assessment (one-month recall) and the measurement of fluoride in urine (second-

void morning spot urine). The dataset, however, served well the purpose of measuring the 

effects on fluoride concentrations in urine of other dietary factors that have longer-lasting 

effects on the body, such as the intake of calcium supplements during pregnancy 

(associated with reduced bone resorption [67]) and the habit of addition of table salt to 

meals after cooking. Future research estimating dietary fluoride intake in populations in 

relation to urinary fluoride excretion in populations exposed to fluoridated salt should 
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include quantitative measures of table salt intake and assess diet over shorter periods of 

time (e.g. 24-h dietary recalls), together with 24-h urine collections.    

Conclusion and recommendations for future research 

The dietary intake of fluoride in women living in Mexico City increased with the 

progression of pregnancy and in women who were moderately and highly compliant with 

the recommendations of intake of beneficial nutrients for pregnancy. Furthermore, the 

concentrations of fluoride in spot urine samples were affected by gestational age and 

calcium supplementation. Collectively, the results of this dissertation suggest that the 

recommendations for the dietary intake of fluoride and the assessment of spot urinary 

fluoride as a biomarker of prenatal fluoride exposure do require to be studied specifically 

for the pregnant population.  

It is recommended for future studies to perform a comprehensive assessment of 

the relationship between total daily fluoride intake from multiple sources of exposure 

(source contribution analysis), using 24-h dietary assessments and urinary fluoride 

measurements. This, together with the measurement of dietary factors at different time-

points over the course of pregnancy will refine and advance our knowledge in prenatal 

fluoride exposure and inform the design of future epidemiological studies. 

 

  



 

70 

 

REFERENCES 

1.  Garcia MG, Borgnino L. Fluoride in the context of the environment. In: Preedy 

VR, editor. Fluorine: Chemistry, Analysis, Function and Effects. Royal Society of 

Chemistry; 2015. p. 3–20.  

2.  Ruggieri F, Saavedra J, Fernandez-Turiel JL, Gimeno D, Garcia-Valles M. 

Environmental geochemistry of ancient volcanic ashes. J Hazard Mater. 

2010;183(1–3):353–65.  

3.  Deng Y, Nordstrom DK, McCleskey RB. Fluoride geochemistry of thermal waters 

in Yellowstone National Park: I. Aqueous fluoride speciation. Geochim 

Cosmochim Acta. 2011;75(16):4476–89.  

4.  Warner TB. Normal fluoride content of seawater. In: Deep Sea Research and 

Oceanographic Abstracts. Elsevier; 1971. p. 1255–63.  

5.  Arnold Jr FA. Grand Rapids fluoridation study—results pertaining to the eleventh 

year of fluoridation. Am J Public Heal Nations Heal. 1957;47(5):539–45.  

6.  Sampaio FC, Levy SM. Systemic Fluoride. In: Buzalaf MAR, editor. Fluoride and 

the Oral Environment [Internet]. Karger Publishers; 2011. p. 133–45. Available 

from: https://www.karger.com/Article/FullText/325161 

7.  Estupiñán-Day S. Promoting Oral Health: The use of salt fluoridation to prevent 

dental caries [Internet]. Washington D.C: Pan American Health Organization; 

2005. 106 p. Available from: 

https://iris.paho.org/bitstream/handle/10665.2/736/9275116156.pdf?sequence=1&i

sAllowed=y 

8.  Tóth K. A study of 8 years’ domestic salt fluoridation for prevention of caries. 

Community Dent Oral Epidemiol. 1976;4(3):106–10.  

9.  Benzian H, Williams D, editors. Oral Diseases: Prevention and Management. In: 

The Challenge of Oral Disease‐A Call for Global Action The Oral Health Atlas. 

2nd ed. Geneva: FDI World Dental Federation; 2015.  

10.  Gobierno Federal Estados Unidos Mexicanos. Municipios donde no se debe 

distribuir sal yodada-fluorada [Internet]. 2009 [cited 2021 Jan 5]. Available from: 

http://www.cenaprece.salud.gob.mx/programas/interior/saludbucal/descargas/pdf/

mapa_sal_fluor_2009.pdf 

11.  U.S Environmental Protection Agency. Fluoride: Exposure and relative source 

contribution analysis [Internet]. Washington, D.C; 2010. 128 p. Available from: 

https://www.epa.gov/sites/production/files/2019-03/documents/fluoride-exposure-

relative-report.pdf 

12.  Smolin LA, Grosvenor MB. The trace elements. In: Nutrition: Science and 

Applications. 4th ed. Hoboken, NJ: John Wiley and Sons Inc; 2003. p. 515–7.  

13.  Trier X, Granby K, Christensen JH. Polyfluorinated surfactants (PFS) in paper and 

board coatings for food packaging. Environ Sci Pollut Res. 2011;18(7):1108–20.  



 

71 

 

14.  Full CA, Parkins FM. Effect of cooking vessel composition on fluoride. J Dent 

Res. 1975;54(1):192.  

15.  Burt BA. The changing patterns of systemic fluoride intake. J Dent Res. 

1992;71(5):1228–37.  

16.  Institute of Medicine. Dietary Reference Intakes: The Essential Guide to Nutrient 

Requirements [Internet]. Otten JJ, Hellwig JP, Meyers LD, editors. Washington, 

D.C: The National Academies Press; 2006. Available from: 

https://www.nap.edu/catalog/11537/dietary-reference-intakes-the-essential-guide-

to-nutrient-requirements 

17.  McClure FJ. Ingestion of fluoride and dental caries: quantitative relations based on 

food and water requirements of children one to twelve years old. Am J Dis Child. 

1943;66(4):362–9.  

18.  Whitford GM. The metabolism and toxicity of fluoride. In: Myers HM, editor. 

Monographs in Oral Science; Vol 16. 2nd ed. Basel: Karger Publishers; 1996. p. 

155.  

19.  Buzalaf MAR, Whitford GM. Fluoride Metabolism. In: Buzalaf MAR, editor. 

Fluoride and the Oral Environment Monographs in Oral Science; Vol 22. Basel: 

Karger; 2011. p. 20–36.  

20.  Trautner K, Einwag J. Influence of Milk and Food on Fluoride Bioavailability 

from NaF and Na2FPO 3 in Man. J Dent Res. 1989;68(1):72–7.  

21.  Ekstrand J, Alvan G, Boreus LO, Norlin A. Pharmacokinetics of fluoride in man 

after single and multiple oral doses. Eur J Clin Pharmacol. 1977;12(4):311–7.  

22.  Ekstrand J, Hardell LI, Spak C-J. Fluoride balance studies on infants in a 1-ppm-

water-fluoride area. Caries Res. 1984;18(1):87–92.  

23.  Whitford GM, Pashley DH. Fluoride absorption: the influence of gastric acidity. 

Calcif Tissue Int. 1984;36(1):302–7.  

24.  Nopakun J, Messer HH. Mechanism of fluoride absorption from the rat small 

intestine. Nutr Res. 1990;10(7):771–9.  

25.  Whitford GM, Pashley DH, Reynolds KE. Fluoride tissue distribution: short-term 

kinetics. Am J Physiol Physiol. 1979;236(2):F141–8.  

26.  Whitford GM, Thomas JE, Adair SM. Fluoride in whole saliva, parotid ductal 

saliva and plasma in children. Arch Oral Biol. 1999;44(10):785–8.  

27.  Whitford GM, Pashley DH, Pearson DE. Fluoride in gingival crevicular fluid and a 

new method for evaporative water loss correction. Caries Res. 1981;15(5):399–

405.  

28.  Whitford GM. Intake and Metabolism of Fluoride. Adv Dent Res [Internet]. 1994 

Jun;8(1):5–14. Available from: 

http://journals.sagepub.com/doi/10.1177/08959374940080011001 

29.  Hu Y-H, Wu S-S. Fluoride in cerebrospinal fluid of patients with fluorosis. J 

Neurol Neurosurg Psychiatry. 1988;51(12):1591–3.  



 

72 

 

30.  Villa A, Anabalon M, Zohouri V, Maguire A, Franco AM, Rugg-Gunn A. 

Relationships between fluoride intake, urinary fluoride excretion and fluoride 

retention in children and adults: An analysis of available data. Caries Res. 

2010;44(1):60–8.  

31.  Fejerskov O, Ekstrand J, Burt BA. Fluoride in dentistry. 2nd ed. Copenhagen: 

Munksgaard; 1996. 363 p.  

32.  Whitford GM, Pashley DH, Stringer GI. Fluoride renal clearance: a pH-dependent 

event. Am J Physiol Content. 1976;230(2):527–32.  

33.  Whitford GM. Fluoride metabolism when added to salt. Schweizer Monatsschrift 

fur Zahnmedizin. 2005;115(8):675.  

34.  Whitford GM. Effects of plasma fluoride and dietary calcium concentrations on GI 

absorption and secretion of fluoride in the rat. Calcif Tissue Int. 1994;54(5):421–5.  

35.  Ekstrand J, Spak CJ, Ehrnebo M. Renal Clearance of Fluoride in a Steady State 

Condition in Man: Influence of Urinary Flow and pH Changes by Diet. Acta 

Pharmacol Toxicol (Copenh). 1982;50(5):321–5.  

36.  Maheshwari UR, King J, Brunetti AJ, Hodge HC, Newbrun E, Margen S. Fluoride 

balances in pregnant and nonpregnant women. J Occup Environ Med. 

1981;23(7):465–8.  

37.  Boron WF, Boulpaep EL. Medical physiology E-book. Elsevier Health Sciences; 

2016.  

38.  Schiffl HH, Binswanger U. Human urinary fluoride excretion as influenced by 

renal functional impairment. Nephron. 1980;26(2):69–72.  

39.  Spencer H, Kramer L, Gatza C, Norris C, Wiatrowski E, Gandhi VC. Fluoride 

metabolism in patients with chronic renal failure. Arch Intern Med. 

1980;140(10):1331–5.  

40.  Zohoori F V, Innerd A, Azevedo LB, Whitford GM, Maguire A. Effect of exercise 

on fluoride metabolism in adult humans: a pilot study. Sci Rep. 2015;5:16905.  

41.  Cardoso VES, Whitford GM, Aoyama H, Buzalaf MAR. Daily variations in 

human plasma fluoride concentrations. J Fluor Chem. 2008;129(12):1193–8.  

42.  Parkins FM, Tinanoff N, Moutinho M, Anstey MB, Waziri MH. Relationships of 

human plasma fluoride and bone fluoride to age. Calcif Tissue Res. 

1974;16(1):335–8.  

43.  Cowell DC, Taylor WH. Ionic fluoride: a study of its physiological variation in 

man. Ann Clin Biochem. 1981;18(2):76–83.  

44.  Rugg-Gunn AJ, Villa AE, Buzalaf MRA. Contemporary Biological Markers of 

Exposure to Fluoride. In: Buzalaf MAR, editor. Fluoride and the Oral Environment 

Monographs in Oral Science; Vol 22. Basel: Karger; 2011. p. 37–51.  

45.  Green R, Till C, Cantoral A, Lanphear B, Martinez-Mier E, Ayotte P, Wright RO, 

Tellez-Rojo MM, Malin AJ. Associations between Urinary, Dietary, and Water 

Fluoride Concentrations among Children in Mexico and Canada. Toxics. 



 

73 

 

2020;8(4):110.  

46.  Jiménez-Zabala A, Santa-Marina L, Otazua M, Ayerdi M, Galarza A, Gallastegi 

M, Ulibarrena E, Molinuevo A, Anabitarte A, Ibarluzea J. Ingesta de flúor a través 

del consumo de agua de abastecimiento público en la cohorte INMA-Gipuzkoa. 

Gac Sanit. 2018;32(5):418–24.  

47.  Green R, Lanphear B, Hornung R, Flora D, Martinez-Mier EA, Neufeld R, Ayotte 

P, Muckle G, Till C. Association between maternal fluoride exposure during 

pregnancy and IQ scores in offspring in Canada. JAMA Pediatr. 

2019;173(10):940–8.  

48.  Blackburn ST. Maternal, fetal & neonatal physiology: a clinical perspective. 4th 

ed. Maryland Heights, MO: Saunders, Elsevier Science; 2013. 720 p.  

49.  Naylor KE, Iqbal P, Fledelius C, Fraser RB, Eastell R. The effect of pregnancy on 

bone density and bone turnover. J Bone Miner Res. 2000;15(1):129–37.  

50.  Jensen D, Wolfe LA, Slatkovska L, Webb KA, Davies GAL, O’Donnell DE. 

Effects of human pregnancy on the ventilatory chemoreflex response to carbon 

dioxide. Am J Physiol Integr Comp Physiol. 2005;288(5):R1369–75.  

51.  Bobrowski RA. Pulmonary physiology in pregnancy. Clin Obstet Gynecol. 

2010;53(2):285–300.  

52.  Myers VC, Muntwyler E, Bill AH. The acid-base balance disturbance of 

pregnancy. J Biol Chem. 1932;98(1):253–60.  

53.  Gei AF, Hankins GD V. Cardiac disease and pregnancy. Obstet Gynecol Clin 

North Am. 2001;28(3):465–512.  

54.  Cornelis T, Odutayo A, Keunen J, Hladunewich M. The kidney in normal 

pregnancy and preeclampsia. In: Seminars in nephrology. Elsevier; 2011. p. 4–14.  

55.  Forbes L, Graham J, Berglund C, Bell R. Dietary change during pregnancy and 

women’s reasons for change. Nutrients. 2018;10(8):1032.  

56.  Sullivan KM, Ford ES, Azrak MF, Mokdad AH. Multivitamin use in pregnant and 

nonpregnant women: results from the behavioral risk factor surveillance system. 

Public Health Rep. 2009;124(3):384–90.  

57.  Body C, Christie JA. Gastrointestinal diseases in pregnancy: nausea, vomiting, 

hyperemesis gravidarum, gastroesophageal reflux disease, constipation, and 

diarrhea. Gastroenterol Clin. 2016;45(2):267–83.  

58.  Kalkwarf HJ, Specker BL, Ho M. Effects of calcium supplementation on calcium 

homeostasis and bone turnover in lactating women. J Clin Endocrinol Metab. 

1999;84(2):464–70.  

59.  Gedalia, I; Brzezinski, A; Bercovici B. Urinary fluoride levels in women during 

pregnancy and after delivery. J Dent Res. 1959;38(3):548–51.  

60.  Maheshwari UR, King JC, Leybin L, Newbrun E, Hodge HC. Fluoride balances 

during early and late pregnancy. J Occup Med Off Publ Ind Med Assoc. 

1983;25(8):587–90.  



 

74 

 

61.  Opydo-Szymaczek J, Borysewicz-Lewicka M. Urinary fluoride levels for 

assessment of fluoride exposure of pregnant women in Poznan, Poland. Fluoride. 

2005;38(4):312–7.  

62.  Thomas DB, Basu N, Martinez-Mier EA, Sánchez BN, Zhang Z, Liu Y, Parajuli R, 

Peterson K, Mercado-Garcia A, Bashash M, Hernández-Avila M, Hu H, Téllez-

Rojo MM. Urinary and plasma fluoride levels in pregnant women from Mexico 

City. Environ Res. 2016;150:489–95.  

63.  Till C, Green R, Grundy JG, Hornung R, Neufeld R, Martinez-Mier EA, Ayotte P, 

Muckle G, Lanphear B. Community Water Fluoridation and Urinary Fluoride 

Concentrations in a National Sample of Pregnant Women in Canada. Environ 

Health Perspect. 2018 Oct;126(10):107001.  

64.  Gedalia J, Brzezinski A, Bercovici B. Urinary Fluorine Levels in Women During 

Pregnancy and After Delivery. J Dent Res. 1959 May 9;38(3):548–51.  

65.  Perng W, Tamayo-Ortiz M, Tang L, Sánchez BN, Cantoral A, Meeker JD, Dolinoy 

DC, Roberts EF, Martinez-Mier EA, Lamadrid-Figueroa H. Early Life Exposure in 

Mexico to ENvironmental Toxicants (ELEMENT) Project. BMJ Open. 

2019;9(8):e030427.  

66.  Secretaria de Salud y Asistencia Estados Unidos Mexicanos. Norma Oficial 

Mexicana NOM-040-SSA-1981. Reglamento de Yodatacion y Fluoruracion de la 

Sal. Diario Oficial de la Federación. 1981 Mar 26;20–2.  

67.  Ettinger AS, Lamadrid-Figueroa H, Mercado-García A, Kordas K, Wood RJ, 

Peterson KE, Hu H, Hernández-Avila M, Téllez-Rojo MM. Effect of calcium 

supplementation on bone resorption in pregnancy and the early postpartum: a 

randomized controlled trial in Mexican women. Nutr J. 2014;13(1):116.  

68.  Iheozor-Ejiofor Z, Worthington H V, Walsh T, O’Malley L, Clarkson JE, Macey 

R, Alam R, Tugwell P, Welch V, Glenny A-M. Water fluoridation for the 

prevention of dental caries. Cochrane database Syst Rev. 2015 

Jun;2015(6):CD010856.  

69.  US Environmental Protection Agency. Fluoride: Dose-Response Analysis For 

Non-Cancer Effects [Internet]. US Environmental Protection Agency; 2010. 

Available from: https://www.epa.gov/sites/production/files/2015-

09/documents/fluoride-study-summaries.pdf 

70.  Grandjean P. Developmental fluoride neurotoxicity: an updated review. Environ 

Heal. 2019;18(1):1–17.  

71.  Bashash M, Thomas D, Hu H, Martinez-Mier EA, Sanchez BN, Basu N, Peterson 

KE, Ettinger AS, Wright R, Zhang Z. Prenatal fluoride exposure and cognitive 

outcomes in children at 4 and 6–12 years of age in Mexico. Environ Health 

Perspect. 2017;97017:1.  

72.  Bashash M, Marchand M, Hu H, Till C, Martinez-Mier EA, Sanchez BN, Basu N, 

Peterson KE, Green R, Schnaas L, Mercado-García A, Hernández-Avila M, 

Téllez-Rojo MM. Prenatal fluoride exposure and attention deficit hyperactivity 

disorder (ADHD) symptoms in children at 6–12 years of age in Mexico City. 



 

75 

 

Environ Int. 2018 Dec;121:658–66.  

73.  Jiménez LV, Guzmán ODL, Flores MC, Costilla-Salazar R, Hernández JC, 

Contreras YA, Rocha-Amador DO. In utero exposure to fluoride and cognitive 

development delay in infants. Neurotoxicology. 2017;59:65–70.  

74.  Abduweli Uyghurturk D, Goin DE, Martinez-Mier EA, Woodruff TJ, DenBesten 

PK. Maternal and fetal exposures to fluoride during mid-gestation among pregnant 

women in northern California. Environ Heal. 2020;19:1–9.  

75.  DenBesten P, Li W. Chronic fluoride toxicity: dental fluorosis. In: Buzalaf MAR, 

editor. Fluoride and the Oral Environment Monographs in Oral Science; Vol 22. 

Basel: Karger; 2011. p. 81–96.  

76.  Buzalaf MAR, Levy SM. Fluoride intake of children: considerations for dental 

caries and dental fluorosis. In: Buzalaf MAR, editor. Fluoride and the Oral 

Environment Monographs in Oral Science; Vol 22. Basel: Karger; 2011. p. 1–19.  

77.  Cantoral A, Luna-Villa LC, Mantilla-Rodriguez A, Lippert F, Liu Y, Peterson K, 

Hu H, Tellez-Rojo M, Martinez-Mier EA. Fluoride content in foods and beverages 

from Mexico City markests and supermarkets. Food Nutr Bull. 2019;  

78.  Roselló-Soberón M, Casanueva E. Orientación alimentaria en el control prenatal: 

Una herramienta educativa. Perinatol y Reprod humana. 2005;19(3–4):161–7.  

79.  Martínez-Mier EA, Soto-Rojas AE, Buckley CM, Zero DT, Margineda J. Fluoride 

concentration of bottled water, tap water, and fluoridated salt from two 

communities in Mexico. Int Dent J. 2005;55(2):93–9.  

80.  Estados Unidos Mexicanos Secretaria de Salud. Listado mediante el cual se dan a 

conocer las áreas por entidad federativa donde no debe comercializarse sal yodada 

y fluorada, por tener el agua de consumo una concentración de flúor natural mayor 

de 0.7 mg/L. Diario Oficial de la Federación [Internet]. 1996;68–70. Available 

from: http://dof.gob.mx/nota_detalle.php?codigo=4879673&fecha=11/04/1996 

81.  Taves D. Separation of fluoride by rapid diffusion using hexamethyldisiloxane. 

Talanta. 1968;15(9):969–74.  

82.  Martínez-Mier EA, Cury JA, Heilman JR, Katz BP, Levy SM, Li Y, Maguire A, 

Margineda J, O’Mullane D, Phantumvanit P, Soto-Rojas AE, Stookey GK, Villa 

A, Wefel JS, Whelton H, Whitford GM, Zero DT, Zhang W, Zohouri V. 

Development of Gold Standard Ion-Selective Electrode-Based Methods for 

Fluoride Analysis. Caries Res. 2011;45(1):3–12.  

83.  Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, Hennekens 

CH, Speizer FE. Reproducibility and validity of a semiquantitative food frequency 

questionnaire. Am J Epidemiol. 1985;122(1):51–65.  

84.  Hernández M, Aguirre J, Serrano L, Escobar M, Chávez A. Alimentacion de 

obreros y sus familias. Publ L-61, Inst Nac Nutr Salvador Zubirán. 1983;  

85.  Hernández-Avila M, Romieu I, Parra S, Hernández-Avila J, Madrigal H, Willett 

W. Validity and reproducibility of a food frequency questionnaire to assess dietary 

intake of women living in Mexico City. Salud Publica Mex. 1998;40:133–40.  



 

76 

 

86.  Rodríguez-Ramírez S, Mundo-Rosas V, Jiménez-Aguilar A, Shamah-Levy T. 

Methodology for the analysis of dietary data from the Mexican National Health 

and Nutrition Survey 2006. Salud Publica Mex. 2009;51:S523–9.  

87.  Instituto Nacional de Salud Publica de Mexico. The compiled México-INSP Food 
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