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Abstract
Nitrate and nitrite are precursors in the endogenous formation of N-nitroso compounds and nitrate
can disrupt thyroid homeostasis by inhibiting iodide uptake. We evaluated nitrate and nitrite intake
and risk of thyroid cancer in the Shanghai Women’s Health Study that included 73,317 women,
aged 40–70 years enrolled in 1996–2000. Dietary intake was assessed at baseline using a food
frequency questionnaire. During approximately 11 years of follow-up, 164 incident thyroid cancer
cases with complete dietary information were identified. We used Cox proportional hazards
regression to estimate relatives risks (RRs). We determined the nitrate and nitrite contents of foods
using values from the published literature and focusing on regional values for Chinese foods.
Nitrate intake was not associated with thyroid cancer risk (RRQ4 = 0.93; 95%CI: 0.42–2.07; p for
trend = 0.40). Compared with the lowest quartile, women with the highest dietary nitrite intake
had about a two-fold risk of thyroid cancer (RRQ4 = 2.05; 95%CI: 1.20–3.51;) but there was not a
monotonic trend with increasing intake (p for trend= 0.36). The trend with increasing nitrite intake
from animal sources was significant (p for trend = 0.02) and was stronger for nitrite from
processed meats (RRQ4 = 1.96; 95%CI: 1.28–2.99; p for trend <0.01). Although we did not
observe an association for nitrate as hypothesized, our results suggest that women consuming
higher levels of nitrite from animal sources, particularly from processed meat, may have an
increased risk of thyroid cancer.

Introduction
An increasing incidence of thyroid cancer has been reported worldwide, with an average
increase of 48.0% among males and 66.7% among females in recent decades (1). The
increases in thyroid cancer incidence include different parts of China, such as Hong Kong
(1) and Tianjin (2). Considerable variation by geographic region has suggested that
environmental, dietary, or lifestyle factors may play a role in thyroid cancer etiology. Only a
few studies have investigated diet in relation to thyroid cancer (3–6).
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A recent review by the International Agency for Research on Cancer (7) of ingested nitrate
and nitrite concluded that dietary nitrate and nitrite ingested under conditions likely to result
in endogenous nitrosation (formation of N-nitroso compounds [NOC]) is probably
carcinogenic to humans (group 2A) (7, 8). In the human body, nitrate is converted to nitrite
primarily by oral bacteria. Primarily in the stomach, nitrite can react with amines, amides, or
amino acids to produce NOCs, most of which are potent animal carcinogens. Vitamin C has
been shown to be an effective inhibitor of N-nitroso compound formation (9, 10). Nitrate
also competitively inhibits iodide uptake by the thyroid (11–13), possibly affecting thyroid
hormone production and potentially resulting in thyroid tumor promotion (14–16). The
impact of nitrate and nitrite intake on the risk of thyroid cancer is therefore of interest.

Nitrate is a natural component of plants and is found at high concentrations in leafy
vegetables, such as lettuce and spinach, cabbage, celery, and some root vegetables, such as
beets (17). Nitrite and nitrate are added to cured meats such as bacon, hot dogs, and ham to
prevent the growth of spore-forming bacteria as well as to add color and flavor (18). Plant-
based foods constitute a large part of the Chinese diet, including cruciferous vegetables such
as cabbage, as well as dark green leafy vegetables (19). The Chinese dietary patterns,
suggest that some Asian populations may experience higher exposure to dietary nitrate (19)
relative to the Western populations where this hypothesis has been previously evaluated (20,
21).

Dietary and drinking water nitrate intake increased the risk of thyroid cancer among older
women in an Iowa cohort (20), and higher intake of dietary nitrate increased the risk of
thyroid cancer among men but not women in the NIH-AARP cohort (21). To date, this
hypothesis has not been evaluated in a Chinese population. We subsequently evaluated the
relationship between dietary nitrate and nitrite intake and thyroid cancer in the Shanghai
Women’s Health Study (SWHS), a prospective cohort study.

Methods
Study population

A detailed description of the SWHS cohort has been published elsewhere (22). Briefly, a
roster of 81,170 women aged 40–70 years was obtained from the resident offices in seven
communities located in urban Shanghai, China. The SWHS was conducted in these
communities as the cancer incidence as well as age, education level, and occupations of the
women are similar to the general population of urban Shanghai (22). A total of 75,221
(92.7%) women participated in the study and completed a baseline interview during 1996 to
2000. We excluded 279 who were found to be younger than age 40 or older than age 70
years, 1,490 women who had prior malignancies (except non-melanoma skin cancer) as
reported at the baseline interview, and 10 women who were diagnosed with cancer (except
non-melanoma skin cancer) within one month after the interview. We also excluded women
who reported extreme caloric intake (>3500 kcal or <500 kcal per day). Our analysis
included 73,317 women; follow up was through December 2009.

Trained interviewers administered detailed in-person interviews using a structured
questionnaire to collect information on demographic characteristics, dietary habits, physical
activity, disease and surgery history (including whether the participant has ever been
diagnosed with hyperthyroidism or hypothyroidism), smoking, alcohol consumption, tea
consumption, a lifetime residential and occupational history, family history of cancer (did
not specify thyroid cancer), and reproductive history, and hormone use. Body
measurements, including height, weight, and waist and hip circumferences, were also
measured at baseline.
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Cancer incidence and vital status were ascertained by biennale in-person follow-up
interviews and through the Shanghai Cancer Registry. Cancer reporting is legally mandated
in Shanghai, China. Medical charts and pathology slides were collected from diagnostic
hospitals to verify the cancer diagnosis. A total of 164 incident thyroid cancer cases were
identified during 11 years of follow-up. Nearly all cohort members were successfully
followed, with the response rates for first in-person follow-up being 99.8% (2000–2002),
second 98.7% (2002–2004), and third 96.7% (2004–2007). All possible incident cancer
cases were verified by home visits. Medical charts from the referral hospitals were reviewed
to verify the diagnosis, and pathological characteristics of the tumor were recorded. For
subjects who had moved, the new address was requested from the neighborhood Community
Office, local police department, or the Shanghai Resident Registry. Death certificate data
from the Shanghai Vital Statistics Unit was collected to identify causes of death. Despite
these efforts, we only had histology codes for 126 of the 164 cases. Of the 126 cases with
codes, 14 thyroid cancers were the follicular type, 2 were the medullary type, and none were
anaplastic tumors. Additionally, although participants are followed regularly for cancer
outcomes, they are not routinely evaluated for thyroid disease.

Estimation of Dietary Nitrate and Nitrite
A comprehensive food frequency questionnaire was administered at the baseline interview.
The 77-item food frequency questionnaire was developed for the SWHS population and was
validated in the study population (23). Briefly, the investigators compared the FFQ intakes
to multiple dietary recalls by contacting a subset of 200 study participants twice a month
during a 12-month period to obtain the type and amount of foods that they consumed over
the past 24 hours. The days of the 24-hour dietary recalls (24-HDR) were chosen to assure a
balanced representation of weekdays and weekend days for each participant. All recalls were
obtained by an unannounced in-person interview in the evening after dinner (around 19:00).
At the end of the 1 year study, a second FFQ was administered. The investigators found that
the SWHS FFQ reliably and accurately measured usual intake of most major nutrients and
food groups, although total vegetable and fruit intake was overestimated. The authors
suggested that over-reporting of seasonal vegetable and fruit consumption in the FFQ was
the cause of the differences (23). As a result, carotene and vitamin C intake were
significantly different between the FFQ and the 24 hour recall based on the Wilcoxon signed
rank test (23). Nitrate and nitrite intake were not estimated.

For each food line item, participants were asked how frequently (daily, weekly, monthly,
annually, or never) they consumed the food or food group during the past year in 5
predefined categories ranging from “not at all” to “everyday”. They were asked the amount
of the food they typically consumed in liang (1 liang = 50 g). For seasonal food
consumption, a subset of women (approximately 1,000) were asked about the number of
months out of the year the food was eaten, and those results were used to calibrate intake of
seasonal foods for all SWHS members. To calculate nutrient intakes, the intake amounts
were multiplied by the nutrient content obtained from the Chinese Food Composition Tables
(24) or for nitrate and nitrite from the published literature (described below) and summed
across all foods.

We determined the nitrate and nitrite contents for 29 vegetables, 19 meats, 6 preserved foods
(including 2 processed meat items), rice and noodles, 13 dessert and bean items, and 8 fruits
using from values from the published literature. Our review of the literature focused on
Chinese foods. If values for Chinese foods were unavailable for Shanghai, we used values
from China in general and if those were unavailable we then chose values from other Asian
countries. We only used values from Western countries if there was no published value for
Asian areas. Nitrate and nitrite values for most vegetables were from a survey conducted in
Shanghai (25), whereas values for most fruits (25), some processed meats (25), vegetables
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not reported by Zhou et al. (19), and rice (26) were from other studies in China. Values for
fresh meat (27) and bread items (28), some fruits, such as apples, pears, grapes, peaches and
strawberries (29), were from Western countries. When values were available from multiple
studies, we calculated means weighted by the number of samples analyzed.

Foods with the highest nitrate levels were Chinese greens (1933 mg/kg) (25), cabbage/bok
choy cabbage (1653 mg/kg), and green cabbage (1558 mg/kg) (25). Foods with the highest
nitrite levels were smoked meat/bacon and salted meat/preserved meat (both 12.5 mg/kg)
(26), eggplant (4.6 mg/kg) (19) and wax gourd (4.3 mg/kg) (19).

In addition to calculating dietary nitrite and nitrate from all foods, we calculated nitrite from
plant, animal, and processed meat sources separately. Additionally, we computed the percent
of total nitrate and nitrite intake that came from individual food line items. Because the
major sources of nitrate were vegetables, which also contain beneficial nutrients such as
vitamin C, we evaluated the correlation between nitrate intake and specific micronutrients.
Nitrate intake was highly correlated with vitamin C (Pearson’s r = 0.85), vitamin E (r =
0.53), folate (r = 0.65), and carotenes (r = 0.91). We evaluated the correlation with
cruciferous vegetable intake as they are considered goitrogens and potential thyroid cancer
risk factors (30) (r = 0.90).

Drinking water nitrate can constitute the majority of nitrate intake when levels are near or
above the maximum contaminant level (31). Almost all of the participants in this study
reported that they drank tap water from the Shanghai municipal water supply in the previous
10 years. Based on nitrate levels in the drinking water supplies in Shanghai in 2004, which
were relatively low (<2 mg/L) (32), drinking water would be expected to contribute a small
percent of total intake and it was not considered.

Statistical analysis
Person-years for each subject were calculated from the date of enrollment to the primary
endpoint (diagnosis of cancer), death, or December 31, 2009, whichever came first. For the
analysis of thyroid cancer risk, Cox proportional hazard models were employed to compute
the relative risks (RRs) and 95% confidence intervals (CI). The proportional hazards
assumption was tested and upheld in all analyses. Tests for linear trend were conducted
using the median value of each quartile exposure category as a continuous variable in the
model. Dietary variables were adjusted for energy intake using the nutrient density method
(33), which expresses intake in units per 1000 calories.

For all models, we adjusted for age, total energy intake, and a history of thyroid disease. We
evaluated the impact of risk factors sometimes associated with thyroid cancer, including
education, smoking status, income, a family history of cancer, and body mass index, but
their inclusion in the models did not result in a material change (>10%) in the thyroid cancer
associations and are not presented. We further adjusted the thyroid cancer models for dietary
vitamin C intake (mg/1,000kcals) (except for vitamin C interaction models), carotene, and
folate in a second fully adjusted micronutrient model (hereafter “fully adjusted model”). We
present the results for both the risk factor adjusted and the fully adjusted micronutrient
models in table 4 but only refer to the results from the fully adjusted micronutrient models in
the text.

We further evaluated risk for major sources of nitrate and nitrite including fruit, vegetable,
and meat (including salted and preserved) food groups. We also considered thyroid cancer
risk by cruciferous vegetables (cabbage, bok choy, turnips, cauliflower), beans (baby beans,
dry beans, soybeans, yard long beans, and sprouts), leafy greens (spinach, green cabbage,
Chinese cabbage, and asparagus lettuce), red vegetables (tomatoes), yellow/orange
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vegetables (carrots and sweet potatoes), and citrus fruits (tangerines, oranges, grapefruits).
This allowed us to consider the possibility that nitrate or nitrite is acting as a proxy for
intake of a particular food group. As their inclusion in the models did not result in a material
change (>10%) in the thyroid cancer associations, none of these foods and food groups were
included in the final presentation of results.

To evaluate the consistency of associations, we stratified by age (at or above/below the
median age of 50 years), BMI (at or above/below median of 23.7 kg/m2), and education
(junior high school or fewer years of education; some high school or greater years of
education). We stratified by red meat intake (at or above/below median 26.8/1,000kcals),
and vitamin C intake (at or above/below median 51.3 mg/1,000kcals) to evaluate factors
potentially affecting endogenous N-nitrosation. We assessed multiplicative interactions by
adding the relevant cross-product term to main-effects models, with the p-value for
interaction determined by a Wald test for the cross-product term.

All the analyses were performed in SAS 8.02 (SAS Institute Inc., Cary, NC). All tests were
two-sided, with a significance level of 0.05.

Results
A total of 164 incident thyroid cancer cases were identified during an average of 9 years of
follow-up. The baseline characteristics of the thyroid cancer cases were similar to the overall
cohort (Table 1). The median dietary nitrate intake was 309 mg/day (IQR: 215 –413 mg/
day) and the median daily nitrite intake was 1.4 mg/day (IQR: 1.1–1.8 mg/day). The median
intake of nitrate from plant sources was 299 mg/day; whereas, median intake of nitrite from
plant sources was 1.2 mg/day. The major contributors to nitrate intake were greens/Chinese
greens, watermelon, and baby soybeans/fresh peas/fresh broad beans (medians: 42.7%,
12.5%, 4.2%, respectively) (Table 2). The major contributors to nitrite intake were
watermelon, fresh bean curd, and salted/preserved vegetables (medians: 15.2%, 9.7%, and
9.1%, respectively). Salted preserved meat and smoked meat/bacon (e.g., all processed
meats) contributed approximately 1.2% of total nitrite intake.

Women in the highest quartile of nitrate intake reported higher intake of total calories than
those in the lowest quartile and they consumed more vegetables and fruits (Table 3). Women
in the highest quartile of nitrite intake tended to report a family history of cancer, to be less
educated, and to consume more fruit, salted preserved meat, and smoked meat/bacon than
those in the lowest nitrite intake quintile. Those in the highest quartiles of nitrate and nitrite
had higher consumption of fiber, vitamins C and E, carotene and folic acid.

Compared to women in the lowest quartile of nitrate intake, risk of thyroid cancer was
elevated in the 2nd intake quartiles (RRQ2 = 1.69; 95%CI: 1.07–2.68) but not in the 3rd and
4th intake quartiles (RRQ3 = 1.23; 95%CI: 0.71–2.15, RRQ4 = 0.93; 95%CI: 0.42–2.07; p for
trend = 0.40) in the fully adjusted model (Table 4). Women in the highest compared to the
lowest quartile of nitrite intake had a significant increased risk of thyroid cancer in the fully
adjusted model (RRQ4 = 2.05; 95%CI: 1.20–3.51), although the trend was not significant (p
for trend = 0.36). The increase in risk appeared to be due primarily to animal sources of
nitrite (RRQ4 = 1.59; 95%CI: 1.00–2.52, p for trend = 0.02), particularly nitrite from
processed meats (RRQ4 = 1.96; 95%CI: 1.28–2.99), and the trend was significant (p for
trend <0.01). The results were similar when we stratified by age, BMI, and education.

The association between high nitrate and nitrite intake did not differ by high or low vitamin
C or red meat intake, and we did not observe any statistically significant interactions for
thyroid cancer in the fully adjusted micronutrient models (Table 5).
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Discussion
In this large prospective cohort study of women in Shanghai, we did not observe an
association between dietary nitrate intake and thyroid cancer as hypothesized. However, we
did find an approximately 2-fold increased risk of thyroid cancer associated with the highest
quartile of nitrite intake. The increased risk for nitrite intake was primarily due to intake
from animal sources, particularly processed meats.

Our findings are not entirely consistent with what we observed previously for nitrate and
nitrite intake in U.S. study populations. Specifically, in a cohort of older women in Iowa (the
Iowa Women’s Health Study), we found that increasing intake of dietary nitrate was
associated with an increased risk of thyroid cancer (highest vs. lowest quartile, RR = 2.9
[1.0–8.1]; p for trend = 0.046) (20). Nitrite was not estimated. In another prospective cohort,
the NIH-AARP Diet and Health Study, we found that increasing nitrate intake was
positively associated with thyroid cancer risk (highest quintile versus lowest quintile
RR=2.28, 95% CI: 1.29–4.04; p for trend <0.001) among men; however, we observed no
trend with intake among women. In the NIH-AARP cohort, we did not find an association
with nitrite intake and risk of thyroid cancer overall for either men or women although we
did observe a positive association for follicular thyroid cancer and nitrite in men (21).

Nitrite and reactive nitrogen species react with nitrosatable compounds, mainly amines and
amides (found in fish and meats), to form NOCs (9). Consumption of nitrate or nitrite from
processed meats and fish should theoretically result in more exposure to NOCs than plant-
based foods; our results for nitrite support this mechanism as the positive association we
observed was strongest for processed meat sources of nitrite. As vegetables contain
inhibitors of in vivo N-nitrosation such as vitamin C and polyphenols (9, 10, 34, 35), we
might expect a lack of an association between plant sources of nitrate and nitrite and thyroid
cancer if the risk is being increased via NOCs. In this study, nitrate and vitamin C intake
were highly correlated and we did not observe an interaction between nitrate/nitrite and
vitamin C intake and thyroid cancer risk. Future work addressing potential mechanisms of
nitrate and nitrite effects on the thyroid is necessary.

The difference in the daily consumption of nitrate in this study population compared to
Western populations is particularly notable. The median daily dietary nitrate among women
in Shanghai was 300 mg/day, compared to a daily median of approximately 100 mg/day in
U.S. study populations (20, 21). Chinese women appear to be experiencing much higher
exposure than previously studied populations. In contrast, intake of nitrate and nitrite from
processed meats is lower in women in this population compared to U.S. study populations
(20, 21). Intake of animal sources of nitrite represented less than 13% of intake on average
in the SWHS population compared to approximately 30% of nitrite intake in a Western
population (13). Additionally, it should be noted that other animal sources such as milk
(2.3%) and eggs (3.1%) made a greater contribution to nitrite intake than salted/preserved
meats (1.2%). In contrast, processed meats can be a primary source of exposure to nitrite
among Americans.

As thyroid cancer is a common finding at autopsy (36), the opportunity for a detection bias
in assessing risk factors for thyroid cancer is an important point to consider. In Shanghai all
women have access to basic health care; therefore, a detection bias related to health care
access is of less concern than in the United States. Nevertheless, higher levels of income and
education can be a proxy for higher utilization of health care (37). We evaluated the
association between educational level and nitrate and nitrite intake and found that more
educated women had lower nitrite intake, particularly from processed meat sources, than
less educated women. Therefore, it is unlikely that our positive findings for nitrite are due to
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differential detection of thyroid tumors by nitrite intake. A limitation of our study was that
we did not have data on tumor size and we were unable to more directly evaluate the
possible role of detection bias by comparing the associations for microcarcinomas (<1 cm)
and larger size tumors; the incidence of smaller tumors would be expected to be most
affected by screening.

As iodine deficiency can disrupt thyroid hormone production resulting in increased TSH
release, the iodine status of the population is an important consideration. In past decades,
there were many areas in China where iodine deficiency presented a major public health
issue. However, salt has been iodized throughout China since 1996, and as a result, iodine
intake has increased countrywide. Data from the Ministry of Health of China indicate that
the median urinary iodine excretion, a measure of iodine intake, increased from 165 μg per
liter in 1995 to 330 μg per liter in 1997 and stabilized at a similar level (306 μg per liter) in
1999 (38). According to the guidelines of the World Health Organization (WHO), after
iodization measures were instituted, the levels of iodine intake in China were more than
adequate. Additionally, as Shanghai is a seaside city, its residents consume high levels of
fish and seafood, and subsequently iodine, and cases of iodine deficiency disease were
extremely rare even before national iodination measures. As such, it is unlikely that iodine
deficiency affected our findings. We also considered this point by attempting to look at
cases in our study population by histologic type as relatively more follicular thyroid cancer
cases occur in iodine deficient regions. Although the histologic data was incomplete, more
than 85% of tumors with histology information were papillary tumors. The high number of
papillary thyroid cancers is consistent with what has been observed in other iodine sufficient
populations.

Our study had numerous strengths, including the use of a comprehensive questionnaire to
assess dietary intake of nitrate and nitrite and the wide range of intake. Among participants
in our study, the median intake of nitrate in the highest quartile was over three times that in
the lowest quartile and for nitrite, the highest quartile was over two times that in the lowest
quartile. Another strength is that we were able to estimate nitrate levels in most vegetables
using values specific for Shanghai. This is important for accurate exposure assessment as
women in this area tend to eat locally grown produce and the nitrate values vary
substantially from province to province. For example, values for spinach ranged from 1112
mg/kg in Shanghai, to 1649 mg/kg in Hangzhou, to 1850 mg/kg in Chongqing, and to 2358
mg/kg in Beijing (25). Other strengths include the well-established cohort, the prospective
nature of the study, completeness of follow-up, the relatively large number of thyroid cancer
cases, and the ability to adjust for a large number of potential confounding variables.

Limitations of our study include the fact that the assessment of dietary intake was limited to
the year prior to baseline, which could result in misclassification of exposure if dietary
intakes changed over time. Although our questionnaire was previously validated for macro-
and micronutrients, a validation specifically for nitrate and nitrite is needed. Also, we did
not have data on iodine or radiation exposure and were subsequently unable to consider the
potential role of iodine or radiation exposure on our findings. Our adjustment for family
history of cancer was also non-specific and would have been improved with information
about family history of thyroid cancer, although family history of thyroid cancer is rare and
unlikely to be an important confounder.

Although we did not observe an association for nitrate as hypothesized, our results suggest
that women consuming higher levels of nitrite, especially from animal sources, may have an
increased risk of thyroid cancer. The identification of nitrite as a potential risk factor is of
interest as the known causes of thyroid cancer are currently limited to radiation exposure
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during childhood. This potential risk factor for thyroid cancer should be considered in
additional studies.
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