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Background: Thyroid disease and thyroid nodules are common clinical problems. Iodine nutrition plays
an important role in thyroid disease evolution. Here, we aimed to estimate the iodine nutritional status and
prevalence of thyroid disease in the adults of the Heilongjiang Province in northeast China.

Methods: We performed a cross-sectional ultrasound (US)-based survey on volunteers aged 20-
70 years from 30 regions of the Heilongjiang Province. The participants were recruited using the probability
proportional to size (PPS) method, and consent for US screening was obtained from them. The survey was
performed by trained technicians using the same US equipment with a 6-15 MHz linear transducer (MyLab
30 cv, Italy) and was hosted in public community locations such as local hospitals and outpatient departments.
Information on basic demographic characteristics, such as urinary iodine and iodine intake were collected.
The age- and sex-adjusted prevalence of thyroid disease was determined through direct standardization and
reported using the province’s population in 2016 as reference.

Results: From December 12, 2017, to March 10, 2019, 3,754 participants with a mean age of
48.65 (£12.39) years participated in the study. Of them, 3,643 had reliable urinary iodine data. The median
urinary iodine and salt iodine concentrations within the normal range were 163.30 pg/L and 24.30 mg/kg,
respectively. The age- and sex-adjusted prevalence of thyroid disease was 52.91%. Diffuse thyroid disease
(DTD), focal thyroid lesions (FTL), and coexistence of both diseases were prevalent in 8.68%, 36.58%, and
7.65% of the participants, respectively. The prevalence of the five categories according to US-based survey
features in the ACR TI-RADS (i.e., TR1, TR2, TR3, TR4, and TR5) was 7.71%, 14.53%, 3.44%, 14.82%,
and 3.51%, and the prevalence of nodules that needed fine-needle aspiration was 2.55%.

Conclusions: In Heilongjiang Province, adults aged 20-70 years belong to the optimal iodine status.
Further, the salt iodine levels are in the normal range. Thyroid diseases are highly prevalent in this age
group; however, the intervention rate is low. We provided population-based estimates of the prevalence of
thyroid disease and the iodine status in adults of Heilongjiang Province. These findings are useful to support
effective intervention planning for thyroid disease.
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Introduction

Iodine nutrition is a key determinant of thyroid disease
worldwide (1,2). More than 90% of dietary iodine eventually
appears in the urine. Thus, the urinary iodine concentration
(UIC) is an excellent biomarker of recent iodine intake (2).
The iodine status of the general population in China has
been optimal in recent years, with an average UIC of
197 pg/L (3). In 2012, a new national decree (GB-26878-
2011) for salt iodization was launched. The standard
SIC was adjusted to 20-30 mg/kg, within +30% of the
recommended level for the provincial governments (4).

Thyroid disease is a common clinical problem, and
thyroid nodules are also exceedingly common. They are
prevalent in 28.8% of the population in China (5) and up to
68% of adults in Germany (6). High-resolution ultrasound
(US) is generally considered the standard modality for
evaluating thyroid size and morphology (7-9). The ACR
thyroid imaging, reporting, and data system (TI-RADS)
provide guidance for the management of thyroid nodules
based on their US appearance (10). Thyroid disease also
includes diffuse types, and several previous studies have
suggested that diffuse thyroid disease (D'TD) could be
diagnosed using US (11-13). Iodine nutrition is a major
risk factor of thyroid disease (1). U-shaped curves for the
relationship between iodine intake and the risk of thyroid
disease are common (14).

Heilongjiang Province is located in the northeast region
of China. The people consume a salt-rich diet. Thus, it
is unknown whether the iodine status is adaptive. The
prevalence of US-based thyroid disease in Heilongjiang
Province is also unknown. Therefore, this study aimed to
estimate the iodine status and prevalence of thyroid disease
through US screening and the assess the relationship
between them in adults of Heilongjiang Province, China.

We present the following article in accordance with
the SURGE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1152).

Methods
Study design and survey organization

This study was a cross-sectional US-based survey that
recruited volunteers aged 20-70 years in Heilongjiang
Province. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by institutional ethics board of the fourth
affiliated hospital of Harbin Medical University (No.:
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2020-SCILLSC-07) and informed consent was taken from
all the patients.

A cluster sampling technique, probability proportional
to size (PPS) sampling, in which the probability that a
particular sampling unit will be selected in the sample is
proportional to the sampling unit, was employed in the
present study. In the first stage, with a county or district as
the sampling unit, 30 counties and districts were selected
from 110 counties and districts in Heilongjiang Province
(Figure I). One urban residential community or rural village
community was then randomly selected from each county
or district via PPS. Finally, approximately 120 people aged
20-70 years from each community or village were selected.
We stratified the final sample by sex and age distribution
based on the 2016 Heilongjiang statistical yearbook.

We included only those living in their current residence
for at least one year in the sampling frame. Furthermore,
we excluded individuals who consumed iodine-rich foods
within three days before the US, those who could not
complete the questionnaire or those who were pregnant or
breastfeeding.

Spot urine and salt samples were delivered to the
Institute of Iodine Deficiency Disease Control and
Prevention, China Center for Disease Control and
Prevention, Harbin Medical University for measuring UIC
and SIC. UIC was determined using the modified acid
digestion method. Briefly, this method is used to determine
UIC using As3+-Ce4+catalytic spectrophotometry (WS/
T 107-2016, Ministry of Health of the People’s Republic
of China). SIC was analyzed using the general test method
in the salt industry (GB/T 130257.7-2012, Ministry of
Health of the People’s Republic of China). Results of the
questionnaire survey and US screening were included in
the analysis of thyroid disease prevalence. Participants with
no urinary iodine data owing to urine sample loss or urine
sample contamination were excluded in the urine iodine
analysis.

Survey and US screening protocol

The volunteers were initially interviewed before thyroid
screening. ‘Trained interviewers administered a standardized
questionnaire that included information on demographic
characteristics, smoking or drinking status, medical history,
history of hypertension or diabetes, and other risk factors
for thyroid disease.

We collected the urine and sodium chloride of each
volunteer. The subjects were instructed to use a urine cup to

Ann Transl Med 2020;8(21):1439 | http://dx.doi.org/10.21037/atm-20-1152


http://dx.doi.org/10.21037/atm-20-1152
http://dx.doi.org/10.21037/atm-20-1152

Annals of Translational Medicine, Vol 8, No 21 November 2020

Figure 1 Distribution of the 30 counties and districts in

Heilongjiang province investigated in this study.

collect their urine, pour it into the barrel, and screw down
the lid. Samples were then numbered and immediately
placed in a 4 °C refrigerator. The salt was put into the self-
sealing bag and marked with the corresponding number.

US scans were performed by clinicians working in the
Department of Ultrasound, the Fourth Affiliated Hospital
of Harbin Medical University, who had at least five years of
experience in the US diagnosis of thyroid disease. Before
the survey, all doctors received standardized training and
orientation to standardized diagnostic criteria. Thyroid
ultrasonography was performed to evaluate the thyroid
gland using the same portable US equipment with a
6-15 MHz linear transducer (MyLab 30 cv, Italy), with the
subject lying supine and the neck hyperextended.

First, an axial scan of the whole gland and the isthmus
was conducted, and then the width of each lobe and
anteroposterior diameters were measured. Consequently,
a longitudinal scan through each lobe was conducted,
and the lobe length was measured. The thyroid gland
was then identified to be either normal, with DTD,
or with characteristics of focal thyroid lesions (FTL).
Ultrasonography findings indicative of DTD are
characterized by a diffusely enlarged or normal size thyroid
gland or small size in later stages of DTD, decreased or
increased diffuse heterogeneous parenchymal echogenicity,
a coarse echotexture, and micronodulation. For the FTL,
the clinicians measured the main lesions of the same
composition and recorded the composition, echogenicity,
shape, margin, echogenic foci, and the vascular pattern of
the nodules. Then, they classified the nodules according to
ACR TI-RADS guidelines.
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Statistical analysis

The demographic characteristics of the study population
were described as numbers and percentages. The overall
prevalence of thyroid disease was adjusted with direct
standardization by sex and age group based on the
province’s population in 2016 as a reference. We estimated
the prevalence of thyroid disease for both men and women
in five age groups (i.e., 20-29, 30-39, 40-49, 50-59,
and 60-70 years) in rural and urban settings. We also
estimated the prevalence of thyroid disease for different
UICs. Furthermore, we estimated the prevalence of
DTD, FLT, and both DTD and FLT and compared their
relationship with UICs. For the prevalence calculation,
the data containing personal information and US data,
and for the calculation of median urinary iodine, the data
should also include urinary iodine data. Otherwise the data
was not included in the research analysis. Differences in
the prevalence of thyroid disease were assessed using the
Pearson’s 2 test corrected for the sampling design with the
second-order correction of Rao and Scott and converted
into an F-statistic. The test was performed with the
observed and expected frequencies calculated by weighting
data according to the relative age and sex distribution of
the reference population. All estimates were presented
with 95% confidence intervals (CIs) calculated with the
logit transformation and accounting for the increased
variance because of the sampling design through the Taylor
linearization method. All statistical analyses were performed
using R version 3.5.1 (http://www.R-project.org). A
two-sided P value of <0.05 was considered statistically
significant.

Results

Between December 12, 2017 and March 10, 2019, 3,754
individuals attended the study sessions. Of them, 3,754
(1,147 men and 2,607 women) had basic information and
US data, and 3,643 had urine iodine and salt iodine data.
The general patient characteristics and risk factors and
iodine nutritional status are presented in Table 1.

The median UICs was 163.30 pg/L for the overall
population; 173.23 pg/L in men, 159.34 pg/L in women,
163.04 pg/L in urban areas, and 169.76 pg/L in suburban
areas. Meanwhile, it was 208.73, 178.84, 163.30, 155.78,
and 149.70 pg/L in those aged 20-29, 30-39 40-49, 50-59,
and 60-70 years, respectively. In total, 25.57%, 38.13%,
and 37.30% of urine samples had a median UIC of <100,
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Table 1 Patient characteristics according to sonogram findings of the thyroid gland

Patient Abnormal (n=2,096)
e Total (n=3,754) Normal (n=1,658) P value
characteristics DTD (n=329) FLT (n=1,447) Both (n=320)
Prevalence 100.0% 4417% 8.76% 38.55% 8.52%
(100.0-100.0) (42.58-45.76) (7.90-9.71) (37.00-40.11) (7.67-9.46)
Sex
Male 1,147 (30.55) 664 (40.05) 51 (15.50) 389 (26.88) 43 (13.44) <0.001
Female 2,607 (69.45) 994 (59.95) 278 (84.50) 1,058 (73.12) 277 (86.56)
Age
Mean (+ SD) 48.65 (+12.39) 45.57 (+12.33) 49.05 (+11.80) 51.06 (+12.09) 53.28 (+10.59) <0.001
Age group (years)
20-29 320 (8.52) 204 (12.30) 27 (8.21) 81 (5.60) 8 (2.50) <0.001
30-39 600 (15.98) 342 (20.63) 46 (13.98) 186 (12.85) 26 (8.13)
40-49 915 (24.37) 431 (26.00) 80 (24.32) 331 (22.87) 73 (22.81)
50-59 1,080 (28.77) 432 (26.05) 104 (31.61) 436 (30.13) 08 (33.75)
60-70 839 (22.35) 249 (15.02) 72 (21.88) 413 (28.54) 105 (32.81)
Residence area
Urban 3,196 (85.14) 1,429 (86.19) 278 (84.50) 1,226 (84.73) 263 (82.19) 0.147
Rural 558 (14.86) 229 (13.81) 51 (15.50) 221 (15.27) 57 (17.81)
BMI (kg/m?)
<18.5 168 (4.47) 100 (6.03) 6(1.82) 50 (3.46) 2 (3.75) <0.001
18.5-24 1,829 (48.72) 815 (49.16) 180 (54.72) 694 (47.96) 140 (43.75)
>24 1,753 (46.70) 739 (44.57) 143 (43.46) 703 (48.58) 168 (52.50)
NA 4(0.11) 4(0.24) 0 (0.00) 0 (0.00) 0 (0.00)
UIC (ug/L) 163.30 159.01 173.74 165.83 167.32 0.001
lodine intake
Insufficient 895 (23.84) 405 (24.43) 76 (23.10) 349 (24.12) 65 (20.31) 0.471
Adequate 1,389 (37.00) 616 (37.15) 111 (33.74) 536 (37.04) 126 (39.38)
Higher than 1,359 (36.20) 581 (35.04) 136 (41.34) 524 (36.21) 118 (36.87)
required
NA 111 (2.96) 56 (3.38) 6(1.82) 38 (2.63) 11 (3.44)
Hypertension
Yes 638 (17.00) 190 (11.46) 69 (20.97) 310 (21.42) 69 (21.56) <0.001
No 3,116 (83.00) 1,468 (88.54) 260 (79.03) 1,137 (78.58) 251 (78.44)
Diabetes
Yes 242 (6.45) 47 (2.83) 24 (7.29) 141 (9.74) 30 (9.37) <0.001
No 3,512 (93.55) 1,611 (97.17) 305 (92.71) 1,306 (90.26) 290 (90.63)
Lifestyle habit
Smoking 790 (19.98) 287 (17.31) 75 (22.80) 352 (24.26) 6 (23.75) <0.001
Alcoholism 481 (12.16) 191 (11.52) 53 (16.11) 208 (14.37) 29 (9.06) 0.039
Seafood 637 (16.11) 153 (9.23) 68 (20.67) 336 (23.22) 0 (25.00) <0.001
Pickle 1,387 (35.08) 488 (29.43) 142 (43.16) 618 (42.71) 139 (43.44) <0.001

Data are presented as n (%) or % (95% CI). Standardized prevalence is directly standardized by age and sex using the Heilongjiang
Province’s population in 2016 as the reference. DTD, diffuse thyroid disease; FLT, focal thyroid lesions; Both, coexistence of DTD and FLT;
BMI, body mass index; UIC, urinary iodine concentration; NA, not available.
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100-200, and >200 pg/L, respectively. These were 21.12%,
39.75%, and 39.13% in men and 26.10%, 37.41%, and
36.49% in women (P=0.005 for sex difference, Tuble 2). The
median SIC was 24.30 mg/kg within the normal range.

The overall age-standardized prevalence of thyroid
disease was 52.91% (95% CI: 50.58-55.34%) among the
general population aged 20 to 70 years. The prevalence was
higher in women than in men [58.91% (95% CI: 55.93-
62.06%) vs. 39.61% (95% CI: 36.05-43.47%), P<0.001].
This sex difference was noted across all age groups. The
age-standardized prevalence of thyroid disease by D'TD,
FLT, and both was 8.68%, 36.58%, and 7.65% in the
overall population; 3.91%, 31.95%, and 3.74% in men; and
10.87%, 38.71%, and 9.33% in women, respectively. For
FLT, the prevalence of the five categories of US features (i.e.,
composition, echogenicity, shape, margin, and echogenic
foci) in ACR TI-RADS (i.e., TR1, TR2, TR3, TR4, and
TRS) was 6.38%, 13.38%, 2.19%, 10.49%, and 3.05% in
men and 8.37%, 15.02%, 3.98%, 16.70%, and 3.74% in
women. The prevalence of nodules requiring fine-needle
aspiration (FNA) was 2.03% in men and 2.81% in women
(Figure 2).

The age-standardized prevalence of thyroid disease
in the insufficient, the adequate, and the above normal
iodine intake groups was 49.35%, 52.35%, and 55.76%,
respectively. For DTD, the prevalence was 8.24%, 7.81%,
and 9.94%, respectively, while that for FL'T was 34.86%,
36.72%, and 37.60%, respectively. For both, the prevalence
was 6.24%, 7.82%, and 8.22%, respectively. The prevalence
of DTD in UIC group above 300 pg/L was higher than the
group 100-199 pg/L in all population (P=0.02) (Figure 3).

The distribution of urine iodine and the prevalence
of thyroid disease in Heilongjiang Province is presented
in Figure 4. For most areas, the UIC was in the normal
range, but the UIC in Daqing City was 213.34 pg/L.
Thyroid disease was most prevalent in Jiamusi City at a
rate of 66.67% (95% CI: 61.00-71.89%), whereas it was
least prevalent in Hegang City at a rate of 30.08% (95%
CI: 22.66-38.71%). The distribution of salt urine within
normal limits, with the highest at 26.50 mg/kg and the
lowest at 22.20 mg/kg.

Conclusions

Thyroid disease is a global health problem that can
substantially impact well-being, and iodine nutrition
remains a key determinant of thyroid function
worldwide (1). To the best of our knowledge, there are no
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recent data about thyroid disease and iodine nutrition in
the adult population aged 20-70 years of the Heilongjiang
Province, which is located in the northeast of China. Thus,
our findings fill several knowledges lacunae about the
thyroid disease epidemic and iodine nutrition in China.
First, the result of our study shows that the median UIC
of adults aged 20-70 years in Heilongjiang Province was
163.30 pg/L. This is considered as optimal iodine status by
the World Health Organization (WHO), United Nations
International Children’s Emergency Fund (UNICEF), and
International Council for Control of Iodine Deficiency
Disorders (ICCIDD) (15). Second, our data indicate that
52.91% of the general adult population (or 15.71 million
adults) aged 20-70 years in Heilongjiang Province had
thyroid disease. Third, to our best knowledge, we report for
the first time the prevalence of FTL according to the ACR
TI-RADS guideline and the prevalence of nodules that
needed FNA in Heilongjiang Province.

A previous study showed that more than 90% of dietary
iodine eventually appears in the urine, and thus the UIC
is an excellent biomarker of recent iodine intake (2).
However, the UIC could only be used to assess the iodine
status of a population, but not of the individual in that
population (16). In this study, the median UIC of adults
aged 20-70 years in Heilongjiang Province was 163.30 pg/L.
According to the WHO/UNICEF/ICCIDD (15), the level
was the optimal iodine status. In those aged 20-29 years,
the UIC was 208.73 pg/L, which higher than the required
iodine intake amount. However, this needs to be further
verified. The UIC was 95.39 pg/L in Heilongjiang Province
in 1995 (17), which is in accordance with the prevalence of
iodine deficiencies in China until the introduction of USI in
1995. Since 2009, China’s government has been considering
lowering the salt iodization standard from the then
mandatory mean of 35 mg/kg. In 2012, China’s government
decided that while the USI remains mandatory, provinces
may now iodize salt to a median within the range of
20-30 mg/kg depending on iodized salt coverage and
UIC (18). In our study, the median SIC was 24.30 mg/kg in
Heilongjiang Province, which is within the normal range.

Many cross-sectional surveys have reported the
prevalence of thyroid disease in various Chinese regions
(14,19-21). Zou et al. (19) evaluated 7,904 participants in
Shanghai and reported a 36.61% prevalence rate of thyroid
disease in the population aged 5-69 years. In Xinjiang
province, an inland region in China, thyroid nodules were
reported to be prevalent in 27.72% of individuals aged older
than 18 years (20). In our study, thyroid disease and thyroid
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Table 2 Characteristics of the study population and thyroid disease by iodine intake

Characteristics Total (n=3,643) Insufficient (n=895) Adequate (n=1,389) Higher than required (n=1,359) P value
Sex
Male 1,122 (30.80) 237 (26.48) 446 (32.11) 439 (32.30) 0.005
Female 2,521 (69.20) 658 (73.52) 943 (67.89) 920 (67.70)
Age
Mean (SD) 48.65 (+12.39) 50.88 (+11.52) 48.92 (+12.26) 46.92 (+12.82) <0.001
Age group (years)
20-29 310 (8.51) 47 (5.25) 102 (7.34) 161 (11.85) <0.001
30-39 585 (16.06) 106 (11.84) 243 (17.50) 236 (17.37)
40-49 885 (24.29) 214 (23.91) 325 (23.40) 346 (25.46)
50-59 1,049 (28.79) 283 (31.62) 413 (29.73) 353 (25.97)
60-70 814 (22.34) 245 (27.37) 306 (22.03) 263 (19.35)
Residence area
Urban 3,112 (85.42) 776 (86.70) 1,186 (85.39) 1,150 (84.62) 0.390
Rural 531 (14.58) 119 (13.30) 203 (14.61) 209 (15.38)
BMI (kg/m?)
<18.5 158 (4.34) 46 (5.14) 58 (4.18) 54 (3.97) <0.001
18.5-24 1,765 (48.45) 480 (53.63) 671 (48.31) 614 (45.18)
>24 1,716 (47.10) 368 (41.12) 659 (47.44) 689 (50.70)
NA 4(0.11) 1(0.11) 1(0.07) 2(0.15)
Disease history
Hypertension 604 (16.58) 148 (16.54) 229 (16.49) 227 (16.70) 0.988
Diabetes 235 (6.45) 58 (6.48) 79 (5.69) 98 (7.21) 0.267
Lifestyle habit
Smoking 763 (20.94) 155 (17.32) 286 (20.59) 322 (23.69) 0.001
Alcoholism 450 (12.35) 71 (7.93) 157 (11.30) 222 (16.34) <0.001
Seafood 614 (16.85) 145 (16.20) 224 (16.13) 245 (18.03) 0.344
Pickle 1,354 (37.17) 332 (37.09) 480 (34.56) 542 (39.88) 0.015
Sonogram findings of the thyroid gland
Normal 1,602 (43.97) 405 (45.25) 616 (44.35) 581 (42.75) 0.471
DTD 323 (8.87) 76 (8.49) 111 (7.99) 136 (10.01)
FLT 1,409 (38.68) 349 (39.00) 536 (38.59) 524 (38.56)
Both 309 (8.48) 65 (7.26) 126 (9.07) 118 (8.68)
ACR TI-RADS
1 261 (7.16) 53 (5.92) 99 (7.13) 109 (8.02) 0.311
2 585 (16.06) 156 (17.43) 219 (15.77) 210 (15.45)
3 143 (3.93) 33 (3.69) 50 (3.60) 60 (4.41)
4 584 (16.03) 135 (15.08) 233 (16.77) 216 (15.89)
5 136 (3.73) 37 (4.13) 57 (4.10) 42 (3.09)

Data are presented as n (%). Standardized prevalence is directly standardized by age and sex using the Heilongjiang Province’s population
in 2016 as the reference. DTD, diffuse thyroid disease; FLT, focal thyroid lesions; Both, coexistence of DTD and FLT; BMI, body mass
index; UIC, urinary iodine concentration; NA, not available.
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Figure 2 Overall prevalence of thyroid disease; prevalence of thyroid disease by DTD, FLT, and both DTD and FLT; prevalence of ACR
TI-RADS categories of thyroid nodules; and prevalence of FNA among the male and female study participants. Data shown are stratified by
age and sex. (A) Overall prevalence of thyroid disease. (B) Prevalence of thyroid disease by DTD, FLT, and both. (C) Prevalence of ACR TI-
RADS categories of thyroid nodules. (D) Prevalence of FNA. DTD, diffuse thyroid disease; FLT, focal thyroid lesions; Both, coexistence of

DTD and FLT; FNA, fine-needle aspiration.
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Figure 3 Relationship between the prevalence of thyroid disease and the UIC. Data shown are stratified by age and sex. DTD, diffuse
thyroid disease; FLT, focal thyroid lesions; Both, coexistence of D'TD and FLT; UIC, urinary iodine concentration.
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Figure 4 Distribution of the prevalence of thyroid disease (A) and urine iodine (B) in Heilongjiang Province.

nodules were prevalent in 52.91% (39.61% for men and
58.91% for women) and 36.58% of adults aged 20-70 years,
respectively, in Heilongjiang Province. This was significantly
higher than those reported in other provinces in China.
However, this was consistent with the observations made
by Guth et al., who used high-resolution US to report a
prevalence of up to 53% in adults (6). The variation could be
due to the difference in diagnostic criteria between previous
studies in China and our study. However, to our knowledge,
there were no data about the prevalence of thyroid disease

in Heilongjiang Province, and thus we cannot compare the
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prevalence trends in this area.

In 2017, the American College of Radiology issued the
White Paper of the ACR TI-RADS Committee (10), and this
is by far the most authoritative guideline for thyroid nodules.
In this study, we estimated the prevalence of thyroid nodules
that needed FNA in Heilongjiang Province according to the
ACR TI-RADS Committee guidelines. The prevalence rate
was 2.55%, which is far below the prevalence of the overall
FLT at 36.58%. This indicates that thyroid nodules are
highly prevalent, but the rate of intervention is low.

Our analysis of the relationship between UIC and thyroid
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disease showed that the prevalence of DTD in UIC group
above 300 pg/L was higher than the group 100-199 pg/L
in all population. However, the median UICs were not
significantly different between those with normal thyroid
and thyroid disease. Thyroid disease and UIC showed
a U-shaped association in the study by Song er al. (14).
The difference may be because of the different diagnostic
criteria. Song et al. used blood test to diagnose thyroid
disease, whereas we used high-resolution US.

The UIC is within the normal range in most areas in
Heilongjiang Province. However, the UIC in Daqing City
was higher than required. And thus, a further survey is
needed to determine whether salt iodine should be adjusted
or not.

Our study has several limitations. First, women and
older people were oversampled because many men and
younger people (migrant workers) were working outside
their permanent residential regions. However, all estimates
were weighted to correct for oversampling and non-
responses in the study. Second, the study did not include
subjects aged below 18 years. Third, this was a cross-
sectional study and hence, did not evaluate individual
changes over time. Furthermore, since blood testing is
an invasive examination, the thyroid was only evaluated
using US, and the levels of thyroid serum thyrotropin,
free thyroxine (T4), free triiodothyronine (13), thyroid
peroxidase antibody, and thyroglobulin antibody were not
measured. Fourth, the UIC was evaluated using random
urine iodine that reflected the iodine status of the region,
but not the individual iodine status. A follow-up study to
determine the incidence rate of thyroid diseases and the
relationship between the prevalence of thyroid diseases
and individual iodine status is needed.

In conclusion, our data indicate that in Heilongjiang
Province, adults aged 20-70 years are belonging to the
optimal iodine status. Further, the salt iodine levels are
within the normal range. Thyroid diseases are highly
prevalent in this age group, but the rate of intervention is
low.
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