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Iodine  is  an  essential  trace  element  for  human
health.  The  thyroid  gland  uses  iodine  for  the
synthesis  of  thyroid  hormones.  Most  iodine  comes
from  food  and  drinking  water,  and  approximately
85%  is  excreted  through  the  urine.  Therefore,
urinary  iodine  content  is  an  important  indicator  for
judging the iodine nutrition level of a population[1]. A
thyroid nodule is  a  discrete mass resulting from the
abnormal  proliferation  of  thyroid  cells.  Iodine
deficiency in the general population has dramatically
diminished  after  implementing  universal  salt
iodization  (USI)  policies.  However,  the  incidence  of
thyroid  nodules  has  been  reported  to  be  increasing
following  the  implementation  of  USI,  leading  some
to  question  the  plausibility  of  USI.  This  data  from
Zhao  et  al.  indicated  that  the  prevalence  of  thyroid
nodules  after  2002 was  higher  than the  rate  before
2002;  between  1999  and  2001,  11.0%  of  those
investigated  were  diagnosed  with  thyroid  nodules,
which increased to 24.4% between 2002 and 2014[2].
Controversy  exists  regarding  the  relationship
between  iodine  nutritional  status  and  thyroid
nodules.  Multiple  studies  have  shown  a  higher
incidence  of  thyroid  nodules  in  iodine-deficient
regions[3].  In  addition,  many  researchers  have
studied the risk factors of thyroid nodules, but their
views are  only  partially  consistent.  The incidence of
thyroid  nodules  has  been  reported  to  result  from a
combination  of  factors  related  to  age,  sex,  dietary
habits,  lifestyle,  iodine  status,  and  psychosocial
factors[4].  Our  study  uses  objective  data  to  explore
whether  iodine  nutrition  status  is  associated  with
thyroid  nodule  disease.  The  aim  is  to  eliminate
widespread  public  suspicion  and  provide  evidence
for strategies for USI. In addition, we explored other
risk  factors  for  thyroid  nodule  disease  to  provide  a
basis for thyroid nodule prevention.

In  2017,  we used a  hierarchical  cluster  sampling
method  based  on  different  administrative  divisions
and  different  geographical  locations  in  Fujian
Province,  China,  divided  into  two  levels:  inland-
coastal  and  urban-rural  areas.  Nine  cities  exist  in
Fujian Province. One urban survey site and one rural
survey site were selected for each city. A total of 18
survey  sites  in  four  different  geographic  regions  of
Fujian  Province were surveyed in  this  study:  coastal
urban survey sites, inland urban survey sites, coastal
rural survey sites, and inland rural survey sites.

Respondents selected residents aged 8–75 years
who had  lived  in  the  local  area  for  at  least  5  years.
Their  ages  were  grouped  as  follows:  8–15  years,
16–25 years, 26–35 years, 36–45 years, 46–55 years,
56–65 years, and 66–75 years; 30 individuals in each
age group were investigated,  with an equal  number
of males and females.

The  study’s  exclusion  criteria  included  pregnant
women,  lactating  women,  those  with  recent
(< 6  months)  coronary  angiography,  Endoscopic
Retrograde Cholangiopancreatography (ERCP),  using
iodinated  contrast  media  and  amiodarone
medication,  those  with  abnormal  renal  function,
those  with  mental  illness,  and  those  who  could  not
properly understand or answer the questionnaire.

After the ethical review, investigated participants
were invited to various communities to read and sign
informed  consent.  A  B-mode  ultrasound  of  the
thyroid gland with a probe frequency of 7.5 MHz was
performed  by  physicians  with  formal  training  in
thyroid  gland  imaging,  and  the  presence  of  thyroid
nodules was documented.

Participants  were  interviewed  face-to-face  using
a  structured  questionnaire  by  uniformly  trained
Centers  for  Disease  Control  and  Prevention  (CDC)
and  community  investigators.  The  questionnaire’s
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main  content  included  information  on  demographic
characteristics  and  health  status.  Additionally,  we
gathered data on how much salt  was ingested,  how
much fruit and vegetables were consumed, and how
much  meat,  seafood,  and  iodine-rich  meals  were
consumed.

After  the  questionnaire,  5  mL  of  urine  was
collected  from  each  participant.  Collected  urine
samples  were  stored  in  sealed  plastic  tubes  and
refrigerated  at  4  °C.  Urinary  iodine  concentration
(UIC)  was  measured using  cerium arsenical  catalytic
spectrophotometry,  and  median  UIC  (mUIC)  was
used  for  iodine  nutrition  evaluation.  The  iodine
nutritional  status  of  adults  was  determined
according  to  the  criteria  recommended  by  World
Health  Organization/United  Nations  International
Children’s Emergency Fund/International Council for
the  Control  of  Iodine  Deficiency  Disorders  (WHO/
UNICEF/ICCIDD).  Insufficient  iodine  intake  was
defined as mUIC < 100 μg/L; adequate iodine intake
as  mUIC  100–199  μg/L;  iodine  intake  above  the
requirement  as  mUIC  200–299  μg/L;  and  excessive
iodine intake as mUIC ≥ 300 μg/L.

Table salt was collected from each systematically
selected  household,  and  no  less  than  30  g  of  each
sample  was  used  to  determine  the  salt  iodine
concentration  via  direct  titration.  The  homogenized
mixed sample was obtained, labeled, and coded with
the sampling date, source of salt, and batch number.
Each  sample  was  analyzed  in  triplicate,  and  the
average sample concentration was used to calculate
the  iodine  concentration.  The  standard  for  salt
iodine  level  in  Fujian  province  is  25  mg/kg.  The  salt
type is defined as follows: qualified iodized salt, salt
iodine  >  18  mg/kg  and  <  33  mg/kg,  and  other
unqualified  iodized  salts  when  < 18  mg/kg  or
> 33 mg/kg. The iodized salt content below 5 mg/kg
is categorized as non-iodized salt.

Drinking  water  was  sampled  at  each  selected
point.  If  the  monitoring  site  was  centralized,  two
samples  were  obtained  at  the  end  of  the  water
supply.  For  decentralized  water  supply  areas,  water
sources  from  the  eastern,  southern,  western,
northern,  and  central  regions  were  selected  with
two  sources  chosen  from  each  region,  and  the
median  value  was  computed.  Samples  were
collected  in  screw-capped  polyethylene  bottles.
Water  iodine  determination  was  performed
according to the recommended detection method.

SPSS 20.0 (C) Copyright IBM Corp. 2011 (Armonk,
New  York,  USA)  was  used  for  data  analysis.
Continuous  variables  are  expressed  as  means  ±
standard  deviation  or  median  and  interquartile

range  (IQR),  whereas  categorical  variables  are
expressed  as  counts  and  percentages.  Additionally,
categorical  and  continuous  variables  were
compared,  and  chi-square  and  t-tests  were
performed for participants with and without thyroid
nodules.  Because  urinary  iodine  is  not  normally
distributed, UICs are expressed as medians and IQRs;
Wilcoxon’s  test  was then used to assess  differences
in  non-coastal  rural  area  (UICs).  Lastly,  we
implemented  a  binary  logistic  regression  model  to
analyze  the  risks  of  thyroid  nodules.  P  < 0.05  was
considered statistically significant.

Thyroid  B-ultrasound  examinations  were
conducted  on  3,926  individuals  across  four  survey
regions,  leading  to  the  gathering  of  46  water
samples, 578 salt samples, 3,926 urine samples, and
3,325  questionnaires  in  total  (Supplementary
Table  S1,  available  in  www.besjournal.com).  The
average age of participants was 39.9 ± 20.6 years old
[39.8 ± 20.7 years old for males and 40.0 ± 20.4 for
females, with no significant difference (P = 0.4)].

The  median  water  iodine  concentration  across
Fujian  Province  was  4.6  μg/L  (P25:  1.9  μg/L;  P75:
6.4  μg/L).  The  iodine  content  of  drinking  water  was
<  10  μg/L  in  91.3% of  the  18  survey  platforms.  The
median  concentration  of  iodine  in  water  was
observed  to  be  less  than  10  μg/L  across  all  four
investigation  areas  (non-CUA:  1.6  μg/L,  CUA:
4.6  μg/L,  CRA:  6.3  μg/L,  non-CRA:  0.8  μg/L)  (P  <
0.001)  (Supplementary  Figure  S1,  available  in  www.
besjournal.com).

The  median  salt  iodine  concentration  (mSIC)  in
Fujian  Province  was  23.2  mg/kg  (P25:  21.3  mg/kg;
P75:  24.6  mg/kg),  and  the  qualified  rate  of  iodized
salt  was  83.3%.  As  shown  in  Supplementary
Figure  S2  (available  in  www.besjournal.com),  the
mSIC  was  approximately  23.0  mg/kg  in  all  regions.
The exception was CRA (eligible iodized salt coverage
of  66%),  which  exceeded  90%  in  the  remaining
regions (Supplementary Figure S2).

The distribution of UIC in this study population is
shown  in  Supplementary  Figure  S3  (available  in
www.besjournal.com). Fujian Province residents had
an  mUIC  of  149.1  μg/L  (IQR:  84.0–231.0).  Of  the
3,325  respondents  who  participated,  1,199  (30.6%)
were  observed  to  have  a  UIC  between  100  μg/L  or
less,  1,440  (36.9%)  with  100–200  μg/L,  755  (19.3%)
with  200–300  μg/L,  and  527  (13.5%)  with  above
300  μg/L  (Supplementary  Figure  S4,  available  in
www.besjournal.com).  Non-CRA participants  had  an
mUIC  close  to  the  upper  limit  of  iodine  sufficiency
(197.0  μg/L);  the  CUA,  non-CUA,  and  CRA  groups
were  Appropriate  (130.0,  170.0,  and  134.0  μg/L)
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(Supplementary Figure S3).
B  ultrasonography  was  performed  on  3,926

participants,  of  whom  880  were  observed  to  have
thyroid nodules (prevalence of 22.4%). In our study,
the prevalence of thyroid nodules in Fujian Province
remains  relatively  low  compared  to  the  overall
national  prevalence  of  15.7%–58.7%[5].  Moreover,
317  of  the  1,618  male  participants  and  563  of  the
1,429  female  participants  were  diagnosed  with
thyroid  nodules,  yielding  a  female  :  male  ratio  of
1.8:1. This indicates a significantly higher prevalence
in women than that in men, which may be related to
estrogen  secretion  in  women  since  long-term
exposure  to  estrogen  was  observed  to  promote
nodule growth[6].

The  lowest  prevalence  of  thyroid  nodules  was
observed  in  CRA  (14.8%);  the  prevalence  in
respondents  from  CUA,  non-CUA,  and  CRA  was

higher  at  24.3%,  22.7%,  and  23.8%,  respectively
(Table  1).  The  prevalence  of  thyroid  nodules  was
higher  in  urban  areas  (23.8%)  than  those  in  rural
areas (20.9%) (P < 0.05), and higher in coastal areas
(24.1%) than that in inland areas (18.8%) (P < 0.001)
(Table  1).  The  incidence  of  thyroid  nodules  was
higher in non-manual laborers than those in manual
laborers, where mental stress and mental status may
affect thyroid hormone secretion.

Residents  from  different  water  iodide  areas
(0–5,  5–10,  10–20 μg/L)  had mUIC of  127.0,  133.0,
and  156.5  μg/L,  respectively,  and  this  was
statistically significant (P < 0.001). The mUIC in the
iodized  table  salt  group  was  significantly  higher
than  that  in  the  non-iodized  table  salt  group  (P  <
0.05). The more frequent the consumption of foods
rich in iodine, the higher the mUIC (P < 0.05). Foods
that  inhibited  iodine  absorption  had  no  significant

 

Table 1. Prevalence of thyroid nodules in different populations

Groups Thyroid nodules, n Participants, n Prevalence (%) χ2 P

Gender 79.6 < 0.001

Male 317 1,935 16.5

Female 563 1,992 28.6

Age, years 201.0 < 0.001

8– 87 511 14.5

16– 95 452 17.4

26– 58 492 10.5

36– 118 432 21.5

46– 124 435 22.2

56– 195 375 34.2

66–75 212 337 38.6

Different regions 27.2 < 0.001

CUA 320 1,317 24.3

Non-CUA 155 651 23.8

CRA 311 1,315 23.7

Non-CRA 94 644 14.6

Urban 6.8 < 0.050

Rural area 475 1,968 24.1

Non-rural area 405 19,59 20.7

Coastal 11.3 < 0.001

Coastal 631 2,632 24.0

Non-coastal 249 1,295 19.2

All 880 3,927 22.4

　　Note. CUA, coastal urban area; Non-CUA, non-coastal urban area; CRA, coastal rural area; Non-CRA, non-
coastal rural area.
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effect  on  mUIC  (P  >  0.05).  Compared  with  those
who  consumed  iodine-rich  foods  or  iodized  salt,
those who did not consume these foods were more
likely  to  have  a  lower  mUIC  [OR:  1.19;  95%
Confidence Interval (95% CI): 1.1–1.4] [males (Odds
Ratio (OR): 1.3, 95% CI: 1.1–1.7); females (OR: 1.14,
95% CI: 1.1–1.3)] (Supplementary �Tables S2 and S3,
available  in  www.besjournal.�com).  Compared  with
those  who  eat  iodine-rich  food  or  iodized  salt,
people  who  do  not  eat  these  foods  are  likelier  to
have  lower  mUIC.  The  main  factor  contributing  to
iodine deficiency may be inadequate dietary iodine
intake.

We  analyzed  the  association  between  iodized
salt,  iodine-rich  foods,  goitrogenic  foods,  drinking
water,  and  thyroid  nodules.  No  significant
differences  were observed between the factors  and
thyroid  nodules  (P  >  0.05)  (Supplementary
Table S4, available in www.besjournal.com).

Solely  relying  on  the  OR  value,  Except  for  the
CUA， it  was  observed  that  MUIC  levels  both  below
100  μg/L  and  above  300  μg/L  were  linked  to  an
elevated  risk  of  thyroid  nodules;  however,  this
association was not statistically significant (P > 0.05).
The  risk  of  thyroid  nodule  occurrence  was
significantly higher in CUA with a urinary iodine level
greater than 300 μg/L, when stratified by region (OR:
1.8;  95% CI:  1.1–3.0; P =  0.21).  However,  the risk of
incidence rate of thyroid nodules was no observed in
coastal  rural  areas.  No significant  relationship exists
between urinary iodine levels and thyroid nodules in
different  genders  (P  >  0.05)  (Table  2).  Inland  rural
areas  had the  highest  urinary  iodine  levels  with  the
lowest incidence rate of thyroid nodules, which was
lower  than  in  urban  and  coastal  areas;  this  was
consistent  with  the  findings  in  Dalian  and
Shijiazhuang[7].  However,  when  we  euphorically
applied statistical analysis of the relationship, it  was
observed  that  urinary  iodine  was  not  significantly
associated  with  thyroid  nodules  in  rural  areas.  This
may  be  attributed  to  the  fact  that  we  obtained  a
non-selective urine sample from the investigator.

In this study, we performed a univariate analysis
and  observed  that  the  possible  contributing  factors
for  thyroid  nodules  were:  age,  sex,  marital  status,
education  level,  occupation,  BMI,  region,  smoking,
alcohol  consumption,  exercise  habits,  staying
overnight, iodine-rich foods, goitrogenic foods, milk,
and  dairy  intake,  number  of  exercise  sessions,
duration of work, stress status, and family history of
thyroid nodules (P < 0.05) (Supplementary Table S5,
available  in  www.besjournal.com).  Furthermore,  in
our  regression  analysis,  sex  (female),  older  age,

occupation  (student,  homemaker,  employees  of
enterprises  and  institutions),  less  milk  and  dairy
product intake (< 3 times per week), fewer vegetable
and  fruit  intake  (<  3  times  per  week),  and  living  in
coastal  or  city  areas  were  significantly  associated
with  an  increased  risk  of  thyroid  nodules  (P  <  0.05)
(Figure 1).

The  prevalence  of  thyroid  nodules  is  closely
related  to  region  and  diet[8].  Li  et  al.  reported  that
thyroid  nodules  were  related  to  obesity  (especially
abdominal obesity), hyperglycemia, high blood lipids,
and  other  metabolic  diseases  closely  related  to
diet[9],  which  may  be  because  insulin  is  a  growth
factor  for  the  thyroid  gland,  leading  to  thyroid
nodules[10].  In  contrast,  eating  more fresh fruits  and
drinking  dairy  products  in  moderation  is  beneficial
for  helping  control  appropriate  body  weight,
glucose, and lipid profile, which is well known.

In conclusion, despite the iodine deficiency in the
outside  environment  of  Fujian,  the  average
concentration  of  iodized  salt  across  different
geographic  regions  and  different  population  groups
all meet the criteria of iodine addition to the iodized
salt  in  Fujian  Province,  and  the  mUIC  is  within  an
appropriate  range.  No  evidence  exists  on  iodine
content  in  drinking  water,  iodized  salt,  iodine-rich
foods, goitrogenic foods, and mUIC being statistically
associated  with  thyroid  nodule  disease.  Possible
factors  contributing  to  thyroid  nodules  are
occupation, different geographical settings, milk and
dairy  product  intake,  and vegetable  and fruit  intake
frequency.  
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Table 2. Associations of UIC and thyroid nodule disease

Variables, μg/L Nodule, n (%) Nonnodule, n (%) OR (95% CI) P

Pooled

100–199 332 (37.8) 1,108 (36.4) 1.0

200–299 147 (16.7) 608 (20.0) 0.9 (0.7–1.2) 0.57

< 100 278 (31.6) 921 (30.3) 1.1 (0.8–1.3) 0.51

> 300 122 (13.9) 406 (13.3) 1.1 (0.8–1.4) 0.45

Non-CRA

100–199 18 (19.4) 144 (26.2) 1.0

200–299 30 (32.3) 179 (32.6) 0.7 (0.4–1.3) 0.27

< 100 30 (32.3) 127 (23.1) 1.160 (0.5–2.3) 0.68

> 300 15 (16.1) 99 (18.0) 1.416 (0.6–2.9) 0.34

Non-CUA

100–199 39 (25.2) 114 (23.0) 1.0

200–299 57 (36.8) 172 (34.7) 1.1 (0.6–2.1) 0.68

< 100 24 (15.5) 85 (17.2) 1.5 (0.8–2.6) 0.13

> 300 35 (22.6) 124 (25.1) 0.9 (0.5–1.5) 0.74

CRA

100–199 56 (18.0) 179 (17.8) 1.0

200–299 122 (39.2) 397 (39.6) 1.1 (0.6–1.8) 0.78

< 100 30 (9.6) 92 (9.2) 1.0 (0.7–1.4) 0.93

> 300 103 (33.1) 335 (33.4) 0.8 (0.5–1.5) 0.42

CUA

100–199 34 (10.6) 171 (17.2) 1.0

200–299 123 (38.4) 360 (36.1) 0.7 (0.4–1.2) 0.25

< 100 38 (11.9) 102 (10.2) 1.0 (0.7–1.4) 0.91

> 300 125 (39.1) 363 (36.4) 1.8 (1.1–3.0) 0.21

　　Note.  Adjustment  for  age,  sex,  iodized  salt,  water  iodine,  ethnicity,  body  mass  index,  marital  status,
education  level,  occupation,  radiation  availability,  smoking,  alcohol  consumption,  iodine-rich  food,  milk  and
product  intake,  goitrogenic  food  intake,  urine  iodine.  A  logistic  regression  model  was  used  in  the  analysis.
Urinary iodine concentrations: low: < 100 μg/L; normal: 100–200 μg/L; high: 200–300 μg/L and excessive: > 300
μg/L. CUA, coastal urban area; Non-CUA, non-coastal urban area; CRA, coastal rural area; Non-CRA, non-coastal
rural area.
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Figure 1. Forest map with regression analysis of risk factors for thyroid nodules at 18 survey points (A and
B).  Adjustment  for  age,  sex,  iodine  salt,  water  iodine  concentration,  body  mass  index,  marital  status,
education  level,  occupation,  radiation  availability,  smoking  consumption,  alcohol  consumption,  iodine-
rich  food,  goitrogenic  food,  urinary  iodine  concentration,  different  regions,  milk  and  dairy  intake,
vegetable, and fruit intake. A logistic regression model was used in the analysis. CUA, coastal urban area;
Non-CUA, non-coastal urban area; CRA, coastal rural area; Non-CRA, non-coastal rural area.
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