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Background: lodine deficiency (ID) has become a concern not only among pregnant women, but in women of childbearing age as
well. In fact, a recent report suggested that women with moderate to severe ID may experience a significantly longer time to con-
ceive. This study aimed to investigate iodine status in Filipino women of childbearing age.

Methods: The iodine status of 6,194 Filipino women aged 15 to 45 years old was assessed through urinary iodine analysis. A casual
spot urine sample was collected from women in households participating in the eighth National Nutrition Survey conducted by the
Food and Nutrition Research Institute. The sample was analyzed using ammonium persulfate digestion followed by the Sandell-
Kolthoff colorimetric reaction. A median urinary iodine concentration (UIC) of less than 100 pg/L was used to define ID.

Results: The median UIC was 123 pg/L, indicative of adequate iodine nutrition; however, 21.5% of participants had a UIC below
50 ug/L. The median UIC of women who lived in urban areas (142 pg/L), belonged to the middle to richest class (>124 ug/L), had
reached a college education (136 pg/L), and used iodized salt (15 ppm and above; 148 to 179 ng/L) reflected adequate iodine nutri-
tion. ID was found to have been eliminated in the regions of Central Luzon, Eastern Visayas, Calabarzon, Mimaropa, and the Na-
tional Capital, while mild ID was identified in Western Visayas, Southern and Western Mindanao, and in the Autonomous Region in
Muslim Mindanao.

Conclusion: Pockets of ID among women of childbearing age exist in the Philippines. Proper information through education and the
use of adequately iodized salt are key measures for improving the iodine status of the studied population.
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INTRODUCTION

The World Health Organization has asserted that iodine is one
of the most critical micronutrients for maternal and child health.
Severe iodine deficiency (ID) during pregnancy can cause both
maternal and fetal hypothyroidism. Moreover, it is associated
with adverse obstetric outcomes, including stillbirth, spontane-
ous abortion, and prematurity [1].

While it is essential for women to consume adequate levels of
iodine during pregnancy, it is equally important that women of

childbearing age consume sufficient amounts of iodine, espe-
cially those who are planning a pregnancy. According to recent
studies, a better thyroid profile has been observed among preg-
nant women who had regular adequate iodine intake before they
became pregnant than among women who began iodine supple-
mentation upon becoming pregnant [2-4].

Because the first trimester is a critical period for sufficient
thyroid hormone levels and most pregnancies are unplanned, it
is important for women of childbearing age to consume an ade-
quate amount of iodine, corresponding to the recommended io-
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dine intake of 150 pg/day [5].

Since the beginning of the 21st century, iodine nutrition
among Filipino pregnant and lactating women has been assessed
based on urinary iodine concentration (UIC). National nutrition
surveys have revealed that these physiologic groups did not
have adequate iodine levels from 2003 to 2013 [6]. ID has be-
come a concern not only among American pregnant women, but
in women of childbearing age as well [7]. Reported UIC levels
below the target value of 100 pug/L have been recorded in more
than 30% of childbearing-age women in the United States [8,9].
A recent population-based cohort study suggested that women
with moderate to severe ID may experience significantly longer
time to conceive and diminished fecundity [10].

With the onset of the concept of nutrition in the first 1,000
days of life, the critical importance of the nutritional status of
childbearing-age women has been underscored. This concept
highlights that for women to be ready to become healthy moth-
ers in the future, their micronutrient status should be secured.
This paper assessed the iodine status of 15- to 45-year-old, non-
pregnant, non-lactating Filipino women. Likewise, it compared
the median UICs of the women in terms of place of residence,
wealth quintile, levels of iodine in salt, and educational attain-
ment.

METHODS

Ethics approval

The conduct of the study was approved by the Food and Nutri-
tion Research Institute (FNRI) Institutional Ethics and Review
Committee. It was carried out in accordance with the Declara-
tion of Helsinki, guided by the Council for International Organi-
zation of Medical Sciences Ethical Guidelines for Biomedical
Research involving human subjects [11] and the National
Guidelines for Biomedical/Behavioral Research [12]. Written
consent to participate in the National Nutrition Survey (NNS)
was obtained from all participants prior to the interview, urine
collection, and other measurements. Only those who signed the
informed consent form were included in the study.

Survey design

The Philippine’s NNS is a cross-sectional survey conducted by
the Department of Science and Technology-Food and Nutrition
Research Institute (DOST-FNRI) every 5 years and covers all
the 17 regions of the country. The NNS was designed to provide
national and sub-national estimates of the nutritional status of
the population [13]. A stratified multi-stage sampling design

Copyright © 2018 Korean Endocrine Society

was used, beginning with the selection of primary sampling
units, which were defined as a barangay or contiguous baran-
gays with at least 500 households. This was followed by the se-
lection of enumeration areas, which were defined as a contigu-
ous area in a barangay or a barangay with 150 to 200 house-
holds. The final sampling unit was the household and all its
members.

Urine collection, field storage, and transport

Mid-stream, casual samples of roughly 15 mL of urine were col-
lected in a non-fasting state from 6,194 women of childbearing
age (15 to 45 years old) in the participating households. These
were kept frozen in the field and while in transport to the Bio-
chemical Laboratory (BL) of DOST-FNRI. At the BL, the urine
samples were stored in freezers below —20°C until analysis.

Determination of urinary iodine

Urinary iodine determination was conducted at the BL of the
DOST-FNRI. The acid digestion method of Pino et al. [14] was
used to determine UIC. For quality assurance, the BL participat-
ed in the Ensuring Quality of Urinary lodine Procedures
(EQUIP) program of the Centers for Disease Control and Pre-
vention in Atlanta, GA, USA. For precision, several urine sam-
ples with a predetermined UIC were analyzed together with the
survey samples. To evaluate the accuracy of the method, the
laboratory used a certified reference material (Seronorm Trace
Elements Urine, SERO, Oslo, Norway). The mean value for Se-
ronorm Trace Elements Urine L-1 was 101 pg/L (certified mean,
105; range, 84 to 126), while the mean value for Seronorm Trace
Elements Urine L-2 was 325 pg/L (certified mean, 297; range,
237 to 356).

Collection of other relevant data

Data on the socioeconomic status (SES) of the women were
collected from all survey participants through face-to-face inter-
views. Similarly, approximately 100 g of salt from the house-
hold was obtained for iodine analysis using a WYD checker
(Kejing, Tianjin, China). In brief, 1 g of a salt sample was mixed
with a potassium iodide-starch solution and distilled water in a
tube. The tube was placed in the cell holder of the WYD check-
er and the iodine concentration was instantaneously displayed
on the instrument.

Data analysis and interpretation of results
Descriptive statistics (medians and prevalence of deficiencies)
were generated using Stata version 15.0 (StataCorp, College
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Station, TX, USA) and R version 3.5 (R Foundation for Statisti-
cal Computing, Vienna, Austria). The severity of ID in women
of childbearing age based on median UIC was assessed using
the epidemiological criteria set by the World Health Organiza-
tion, United Nations Children’s Fund, and International Council
for the Control of Todine Deficiency Disorders [1], as shown in
Table 1. The distribution of UIC was compared using a design-
based rank test [15].

Furthermore, elimination of ID was defined a median value

of 100 pg/L—that is, 50% of the sample should be above 100
ng/L—with no more than 20% of the samples below 50 pg/L.

RESULTS

The eighth NNS was conducted in 17 regions of the Philippines,
consisting of 80 provinces. A total of 6,194 women of child-
bearing age participated in the survey.

Table 2 shows the median UIC and the proportions of values

Table 1. Epidemiological Criteria for Assessment of lodine Nutrition in a Population Based on Median Urinary lodine Concentration

Median UIC, pg/L lodine intake

Iodine nutrition

<20 Insufficient

2049 Insufficient

50-99 Insufficient
100-199 Adequate

200-299 More than adequate
=300 Excessive

Severe iodine deficiency

Moderate iodine deficiency

Mild iodine deficiency

Optimal

Risk of iodine-induced hyperthyroidism in susceptible groups

Risk of adverse health consequences

UIC, urinary iodine concentration.

Table 2. Median Urinary lodine Concentrations and Percentages of Levels <50 and =100 pg/L in Filipino Women Aged 15 to 45 Years

Old by Region

Region Number (20th78]\(;[t;d]i)ilr1cemile) %(;;o/:g;ﬂ K i)ls(ﬂ)/? glg)/dL
Philippines 6,194 123 (46-233) 21.5(20.2-22.8) 58.1 (56.3-59.9)
Tlocos Region 390 105 (34-220) 26.7 (20.6-32.8) 52.3 (42.1-62.5)
Cagayan Valley 302 100 (40-205) 23.5(16.4-30.7) 50.9 (42.8-58.9)
Central Luzon 569 127 (52-236) 192 (14.7-23.7) 59.8 (54.7-64.8)
Calabarzon 676 168 (82-289) 12.4(10.3-14.5) 74.1 (69.9-78.3)
Mimaropa 260 122 (50-217) 19.2 (13.5-25.0) 60.1 (51.1-69.0)
Bicol 321 116 (47-205) 21.7(17.8-25.6) 55.3 (49.9-60.6)
Western Visayas 372 96 (31-202) 29.2(23.7-34.7) 472 (41.6-52.9)
Central Visayas 390 109 (46-198) 22.1(18.3-25.9) 53.0 (47.4-58.5)
Eastern Visayas 311 125 (66-220) 13.7 (9.9-17.6) 60.6 (52.8-68.3)
Western Mindanao 280 74 (26-161) 36.9 (30.4-43.5) 37.7(29.9-45.6)
Northern Mindanao 343 101 (39-189) 25.1(21.1-29.1) 50.4 (44.4-56.4)
Southern Mindanao 365 91 (35-174) 27.7 (24.3-31.1) 45.8 (39.7-51.9)
Central Mindanao 348 103 (32-219) 29.1 (23.4-34.7) 50.7 (45.5-55.9)
NCR 589 160 (54-260) 18.3 (14.9-21.7) 66.4 (62.3-70.5)
CAR 245 107 (40-196) 23.5(15.9-31.2) 50.9 (43.5-58.2)
ARMM 202 72 (25-172) 36.9(25.1-48.7) 41.9 (31.3-52.6)
Caraga 231 113 (48-218) 20.7 (10.0-31.4) 55.1 (42.3-67.8)

CI, confidence interval; NCR, National Capital Region; CAR, Cordillera Administrative Region; ARMM, Autonomous Region in Muslim Mindanao.
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less than 50 pg/L and values greater than or equal to 100 pg/L
by region. The median UIC of 123 ng/L indicates that this pop-
ulation as a whole had optimal iodine nutrition.

ID was found to have been eliminated in the Central Luzon,
Calabarzon, Mimaropa, Eastern Visayas, and the National Capital
regions. In these regions, the median UIC was above 100 ug/L
and the percentage of samples with less than 50 pg/L was below
20%. Furthermore, Fig. 1 illustrates the regional iodine status of
Filipino women of childbearing age based on median UIC.

Table 3 presents the distribution of UIC by region. On aver-
age, roughly 10% of the population in these regions had severe
ID (below 20 pg/L). Mild ID existed in four regions: the Auton-
omous Region in Muslim Mindanao, Western Mindanao,
Southern Mindanao, and Western Visayas. In these regions,
more than 20% of women had a UIC below 50 pg/L. This sug-
gests that the Philippines has not yet eliminated ID among
women of childbearing age, since some regions still had a me-
dian below 100 pg/L.

a.

Legend: Median urinary iodine concentration (ug/L) «
[] 100199 Optimal iodine nutrition

[ 50-99 Mild iodine deficiency g °

I 20-49 Moderate iodine deficiency Lo

Il <20 Severe iodine deficiency

i
HC

Fig. 1. Regional iodine status among Filipino women of childbear-
ing age based on median urinary iodine concentration.
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The median UIC was lower in women residing in rural areas
(P<0.001) than in women living in urban areas (Table 4). Fur-
thermore, the proportion of women in rural areas with a UIC
below 50 pg/L was above 20% (25%).

In terms of wealth, the median UIC increased as the wealth
quintile increased from the poorest to the richest group, as pre-
sented in Table 4 (P<0.001). The median UIC was 92 ug/L in
the poorest quintile and 152 pg/L in the richest quintile. In addi-
tion, more than 20% of women had values below 50 pg/L in the
poorest (29.2%) and poor (25.4%) groups.

The women were also grouped based on the level of iodine
detected in the salt collected from their households. They were
disaggregated according to iodine level as follows: 0 to 4.9 mg
of iodine per kilogram of salt (parts per million, ppm), 5 to 14.9,
15 to 39.9, and =40 ppm. The median UIC among all these
groups was more than 100 pg/L. However, 23.5% and 23.6% of
women in the 0 to 4.9 and 5 to 14.9 ppm groups, respectively,
had a UIC below 50 pg/L.

Table 4 also shows that the women who had not completed any
formal education (#=66) had the worst median UIC (68 pg/L).
This result shows a direct positive relationship between the me-
dian UIC and educational attainment.

DISCUSSION

It is known that an insufficient supply of thyroid hormone to the
developing brain results in neurocognitive impairment [16-19].
This may correspond to the fetal development phase, which
happens between the first and second trimesters of pregnancy.
Therefore, the children of iodine-deficient mothers are at a
higher risk of diminished cognition [20]. Thus, ensuring optimal
and adequate iodine intake from the moment a woman plans to
become pregnant is particularly important for preventing ad-
verse effects in their offspring, because even slightly low mater-
nal thyroid hormone levels during pregnancy can cause cogni-
tive delays in their offspring [21].

In this study, the median UIC (123 pg/L) among Filipino
women of childbearing age reflected adequate iodine intake.
This level is similar to that of school-age children (SAC), the
globally-accepted proxy of the iodine status of the entire popu-
lation, who were assessed as having a median UIC of 168 nug/L
in the same survey. However, the percentage of UIC below 50
ug/L in women was 21.5%, while the corresponding percentage
in SAC was only 16.4% [22]. Some regions also had a median
UIC below 100 pg/L. This means that ID among childbearing-
age women in the Philippines has not yet been eliminated.
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Table 3. Percent Distribution of Urinary Iodine Concentration in Filipino Women of Childbearing Age by Region
Urinary iodine concentration, pg/L

Region Number

<20 2049 50-99 100-199 200-299 =300
Philippines 6,194 9.2 12.3 20.4 30.6 16.1 11.4
Ilocos Region 390 11.9 14.8 21.0 27.5 14.1 10.8
Cagayan Valley 302 9.1 14.5 25.6 29.6 13.1 8.1
Central Luzon 569 7.5 11.7 21.0 31.7 16.0 12.0
Calabarzon 676 59 6.5 13.5 31.8 22.7 19.6
Mimaropa 260 8.7 10.5 20.7 35.7 15.1 9.3
Bicol 321 6.5 15.2 23.0 335 11.5 10.3
Western Visayas 372 13.6 15.6 23.6 26.8 11.0 9.5
Central Visayas 390 8.3 13.8 25.0 334 13.4 6.2
Eastern Visayas 311 3.1 10.6 25.7 36.4 153 8.9
Western Mindanao 280 14.9 22.1 253 24.5 8.4 49
Northern Mindanao 343 9.7 15.4 24.5 32.6 12.1 5.6
Southern Mindanao 365 13.7 13.9 26.5 28.4 9.8 7.6
Central Mindanao 348 13.4 15.7 20.2 274 14.8 8.5
NCR 589 8.7 9.6 15.2 304 222 13.8
CAR 245 10.8 12.7 25.6 31.2 11.6 8.0
ARMM 202 16.1 20.8 21.2 23.7 9.9 8.3
Caraga 231 9.3 114 242 31.6 15.2 8.4
NCR, National Capital Region; CAR, Cordillera Administrative Region; ARMM, Autonomous Region in Muslim Mindanao.

Globally, the iodine status in women of childbearing age var-
ies. For instance, in non-pregnant, non-lactating women in Sier-
ra Leone aged 15 to 49 years old, all subgroups had a median
substantially above the threshold of 100 pg/L [23]. Similarly,
Indonesian and Australian women were found to have sufficient
iodine intake, based on median UIC values of 189.0 and 117 pg/L,
respectively [24,25]. In contrast, mild ID was observed among
women of childbearing age in Samoa and New Zealand [26,27].

Although a few reports have observed better iodine nutrition
in coastal areas [28,29], no specific geographic foci can be as-
sumed to be indicative of low-prevalence areas. Living on the
seacoast does not guarantee iodine sufficiency. In fact, other
studies revealed that proximity to the coast had no impact on io-
dine status at all [30,31]. In this study, the regions with mild ID
generally lay along the coast (Fig. 1).

Our results underscore the significant contribution of salt io-
dization to the iodine status of the women. A study involving 10
countries in Asia and Africa revealed that 26.2% of Philippine
households used adequately iodized salt (=15 ppm), with a
higher proportion among those in urban areas (31.5%) than
among those in rural areas (20.2%). However, that study point-
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ed out that the relative difference in household access to ade-
quately iodized salt was much more strongly affected by SES
than by residence type. In fact, the relative coverage of house-
holds with adequately iodized salt in low-SES households was
56% lower than in high-SES households [32].

In the present study, the median UIC was found to be posi-
tively correlated to the amount of iodine present in the salt. The
same pattern was observed in Indonesia, wherein the median
UIC in 13,218 reproductive-age women varied from 154.0 pg/L
for those using non-iodized salt to 222.0 pg/L for over-iodized
salt users [24]. Likewise, non-pregnant, non-lactating women in
Sierra Leone who had iodized salt in the household had signifi-
cantly higher median UIC levels (217.2 pug/L) than their non-io-
dized salt user counterparts [23].

This study also showed that educational attainment was cor-
related to iodine nutritional status. The median UIC increased
from the group who had not completed any formal education to
those women who had reached a college-level education.

Studies conducted in Australia and Norway showed that
women had poor knowledge of matters related to iodine nutri-
tion. Significantly higher knowledge scores were observed

Copyright © 2018 Korean Endocrine Society
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Table 4. Distribution of Urinary lodine Concentration among Women of Childbearing Age by Place of Residence, Wealth Quintile, Lev-
el of Iodine in Salt, and Educational Attainment
Urinary iodine concentration, pug/L
Characteristic Number Median
<20 20-49 50-99 100-199 200-299 =300
Place of residence*
Rural 3,254 102 10.8 14.6 237 29.7 12.3 9.0
Urban 2,940 142 8.0 10.5 17.9 314 19.0 13.2
Wealth quintile®
Poorest 1,199 92 13.1 16.1 24.6 26.8 10.8 8.6
Poor 1,212 101 10.3 15.1 24.0 30.1 13.2 7.3
Middle 1,270 124 8.4 11.5 20.3 31.7 16.2 11.9
Rich 1,228 140 7.7 10.4 17.9 332 17.6 13.2
Richest 1,143 152 7.5 9.8 17.1 30.8 20.2 14.5
Level of iodine in salt, ppm*
0-4.9 2,728 115 10.7 12.8 21.0 31.6 14.4 9.5
5-14.9 1,624 114 9.4 14.2 20.9 30.5 15.8 9.1
15-39.9 1,094 148 6.4 9.3 19.8 30.1 183 16.1
=40 320 179 5.2 11.7 10.3 284 224 22.0
Educational attainment*
No formal education completed 66 68 214 14.1 27.5 24.5 11.3 1.1
At least elementary 1,020 97 11.5 16.6 232 272 13.7 7.8
At least high school 3,385 126 8.7 12.0 20.5 312 15.8 11.8
At least college 1,697 136 8.4 10.8 18.4 315 18.2 12.7
*P<0.001, significantly different between groups using the design-based rank test.

among highly educated women and those who had received in-
formation about iodine [33], while an assessment among Aus-
tralian women before the mandatory iodine fortification of all
salt used for bread-making was approved showed poor overall
knowledge. Less than half of the women identified ID as a
cause of mental and physical impairment in fetal development.
Furthermore, pregnancy and lactation were not considered to be
high-risk periods for ID [34].

The study was limited to an assessment of UIC levels of
women who were included in the list of households during the
eighth NNS. Whether participants had a previous history of dis-
eases related to iodine nutrition, medications, or supplements
was not considered, and their knowledge about the important
functions of iodine was not assessed. Nevertheless, this study
provided both national and regional assessments of iodine status
among childbearing-age women, which can be utilized by
health practitioners in planning programs designed for specific
localities.

In conclusion, the study observed that while the national esti-
mate of UIC was above the threshold value, pockets of defi-
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ciency were nonetheless observed. These areas were primarily
in the southern part of the archipelago, and are generally consid-
ered to be rural areas where the poor and the poorest reside.
Moreover, households with adequately iodized salt had better
iodine status than those with levels below the mandated fortifi-
cation levels. This difference may be attributable to differences
in women’s educational attainment, since knowledge about the
importance of iodine, in general, has been identified as an es-
sential determinant of iodine nutrition. Assessment of the iodine
status of these women as they become pregnant, including other
factors that may contribute to participants’ overall iodine status,
is encouraged in order to obtain a more complete understanding
of the scope and significance of iodine nutrition before preg-
nancy.
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