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Abstract
Background: Cervical cancer remains a major public health issue for the Uyghur women and other women living mainly in rural
areas of Xinjiang. This study aims to investigate the distribution of human papillomavirus (HPV) infection and cervical cancer in
rural areas of Xinjiang, China.
Methods: Cervical cancer screening was performed on rural women aged 35 to 64 years from Xinjiang, China in 2017 through
gynecological examination, vaginal discharge smear microscopy, cytology, and HPV testing. If necessary, colposcopy and biopsy
were performed on women with suspicious or abnormal screening results.
Results: Of the 216,754 women screened, 15,518 received HPV testing. The HPV-positive rate was 6.75% (1047/15,518).
Compared with the age 35–44 years group, the odds ratios (ORs) of HPV positivity in the age 45–54 years and 55–64 years groups
were 1.18 (95% confidence interval [CI]: 1.02–1.37) and 1.84 (95% CI: 1.53–2.21), respectively. Compared with women with
primary or lower education level, the ORs for HPV infection rates of women with high school and college education or above were
1.37 (95% CI: 1.09–1.72) and 1.62 (95% CI: 1.23–2.12), respectively. Uyghur women were less likely to have HPV infection than
Han women, with an OR (95% CI) of 0.78 (0.61–0.99). The most prevalent HPV types among Xinjiang women were HPV 16
(24.00%), HPV 33 (12.70%), and HPV 52 (11.80%). The detection rate of cervical intraepithelial neoplasia (CIN)2+ was 0.14%
and the early diagnosis rate of cervical cancer was 85.91%. The detection rates of vaginitis and cervicitis were 19.28% and 21.32%,
respectively.
Conclusions: The HPV infection rate in Xinjiang is low, but the detection rate of cervical cancer and precancerous lesions is higher
than the national average level. Cervical cancer is a prominent public health problem in Xinjiang, especially in southern Xinjiang.
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Introduction

Cervical cancer is the sixth most common female cancer in
China and the eighth leading cause of death among
women.[1] In 2015, the age-standardized incidence of
cervical cancer was 11.78 per 100,000 women, and the
age-standardized death was 3.29 per 100,000 women in
China, accounting for 18.7% and 11.5% of all cervical
cancer cases and deaths worldwide, respectively.[2] Cervi-
cal cancer is disproportionately prevalent in developing
nations. The vast majority (around 85%) of the global
cervical cancer burden lies in less developed regions.
Factors such as inadequate and infrequent screening can
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lead to the detection of cancer at late stages. In addition,
inadequate lifestyle conditions in developing regions, such
as inaccessibility of physical contraceptives, and, poor
living conditions and personal hygiene, are thought to
exacerbate the burden of cervical cancer.[3] Epidemiologi-
cal study shows that human papillomavirus (HPV) is the
main cause of cervical cancer and precancerous lesions.[4]

Persistent infection with high-risk HPV (HR-HPV) is
related to the occurrence of cervical intraepithelial
neoplasia (CIN) and cervical cancer.[4,5] HR-HPV geno-
types include HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68, of which HPV 16 and 18 are the most
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common types in the world.[6,7] The World Health
Organization recommends HPV DNA testing as a primary
cervical cancer screening method in areas with adequate
health resources,[8,9] because HPV infection predicts the
risk of subsequent CIN.[10,11]

The Xinjiang Uyghur Autonomous Region, located in
northwestern China, is a vast and remote area composing
of a variety of ethnic communities such as Uyghur, Han,
Kazakh, and other peoples. Factors, such as misunder-
standings of the importance of HPV testing and preven-
tion, and inadequate hygiene, as well as the sheer vastness
of the region, hinder the development of effective
diagnostic programs in Xinjiang. Therefore, cervical
cancer remains a major public health issue for the Uyghur
women and other women living mainly in rural areas of
Xinjiang. However, there are currently limited data on
HPV infection rates and cervical cancer burden in rural
areas of Xinjiang.

Here, we examined the prevalence of HPV infection and
the cervical cancer burden among women in Xinjiang
based on data collected from national breast and cancer
screening programs in rural areas. The participants were
categorized by ethnicity, age, region of Xinjiang, and
educational level. These data will provide epidemiological
evidence to support the development of a comprehensive
and appropriate cervical cancer prevention program in
Xinjiang. We also aim to highlight the need for
comprehensive data collection to increase our understand-
ing of HPV infection rates in Xinjiang.
Methods

Ethical approval

This study was approved by the Ethics Committee of
Xinjiang Medical University (approval No. K-2020019).
Informed consent was waived due to the retrospective
nature of this study.
Study population

This study was conducted based on the national project
titled “National Breast and Cervical Cancer Screening in
Rural Areas” (or “two-cancer screening”). In this study,
we mainly focused on the data from cervical cancer
screening in the year 2017. The data used here were
derived from the monthly and quarterly reports of cervical
cancer screening as well as the case registration cards from
the “National Women and Children Major Public Health
Service Information Direct Reporting System.” In brief,
female residents aged 35 to 64 years from the rural areas of
Xinjiang Uyghur Autonomous Region, without a history
of hysterectomy or mastectomy, not currently pregnant,
and willing to complete all screening procedures were
considered eligible for the study. A total of 216,754 eligible
women were screened in 2017 in the present study.
Screening procedure

Women were invited to complete the questionnaire
regarding basic demographic characteristics. Then, each
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woman underwent a pelvic examination, and cervical
exfoliated cells were collected for cytology testing or
careHPV testing (care

TM

HPV; Qiagen Inc., Gaithersburg,
MD, USA). Vaginal secretions were also collected for
genital tract infection testing. Women with cytological
results of undefined or more severe atypical squamous cells
(ASC-US+) were referred to colposcopy and biopsy if
indicated. The study flow procedure is shown in Figure 1.
Laboratory examinations

Cytology

Most women (N= 201,236) received cytology-based
screening using traditional Pap smear or liquid-based
cytology testing (AUTOPrep; TIB, Fuzhou, China). The
cytology testing results were interpreted by experienced
cytopathologists. Cytological diagnoses were evaluated
according to the Bethesda system criteria.[12] The terms
used in this study were as follows: atypical squamous cells
of undetermined significance (ASC-US), atypical squamous
cells-cannot exclude high-grade squamous intraepithelial
lesions (HSIL) (ASC-H), low-grade squamous intraepithe-
lial lesions, HSIL, and squamous cell carcinoma.
HPV DNA test

A total of 15,518 women finally received the HPV-based
screening procedure with cytology triage. The careHPV
was used as the primary HPV screening test, which is a
signal-amplification, rapid batch diagnostic test for 14
HR-HPV DNA detection. In addition, polymerase chain
reaction-based HPV genotyping (HybriMax, HybriBio
Ltd., Chaozhou, China) was performed for HPV-positive
women. This assay can determine 14 high-risk types (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68),
five low-risk types (6, 11, 42, 43, and 44), and two
unknown-risk types (53 and CP8304) by the flow-through
hybridization technique.
Colposcopy and pathological diagnosis

Colposcopy was performed on participants with abnormal
cytological results. A directed biopsy was performed for a
satisfactory colposcopy but with clinically indicated
lesions. For unsatisfactory colposcopy impression, an
endocervical curettage was performed. All specimens were
interpreted by the senior pathologist of Xinjiang Tumor
Hospital according to the pathological diagnostic standard
criteria. The results of this study were classified as normal,
CIN1, CIN2, CIN3, and cervical cancer.
Quality control

Before the initiation of the screening program, all health-
care workers involved in each stage of the screening
process received annual training by experienced profes-
sionals from higher-level units to standardize the screening
quality. The training included the training of communica-
tion skills while recruiting the eligible women, giving
health education, conducting questionnaires, and so on.
Besides, senior gynecological experts from the higher unit
trained the on-site gynecologists to perform speculum
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Figure 1: Flowchart of participant enrollment. CIN: Cervical intraepithelial neoplasia.
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examination, collection of cervical specimens, and colpos-
copy examination according to the uniform standard. The
histology results were interpreted by the senior pathologist
of Xinjiang Tumor Hospital. The database used in this
project was the national “Information reporting system for
major public health services for women and children.” To
ensure the accuracy of the data, the information reporting
system set up several quality control processes at the
county (district) level, prefecture-level, provincial-level,
and national-level. Each unit shall be responsible for
examining and verifying the original form, identify the
wrong or missing items, check the logical errors and other
situations, and notify the reporter to check them if
necessary.
Statistical analysis

The prevalence of HPV infection, different cervical lesions,
and other common gynecological diseases were calculated.
Besides, the early diagnostic rate (%) of cervical cancer was
determined by the following formula: (number of CIN2,
CIN3, carcinoma in situ, and microscopic invasive
carcinoma (stage Ia)/number of all detected CIN2+) �
100%. Socio-demographic characteristics were described
using frequencies and proportions, and the odds ratio (OR)
with 95% confidence interval (CI) was calculated for each
1840
explanatory variable. SPSS 19.0 (IBM, Armonk, NY, USA)
was used for statistical analyses. All statistical analyses
were two-sided and a P value< 0.05 was determined as
statistically significant.
Results

HPV prevalence and related risk factors

Among 15,518 women who underwent HPV testing, the
HPV-positive rate was 6.75% (1047/15,518). The most
prevalent HPV types in Xinjiang were HPV 16 (24.00%),
HPV 33 (12.70%), and HPV 52 (11.80%). Compared
with women aged 35 to 45 years, women aged 45 to
55 years and 55 to 64 years had significantly higher HPV
infection rates, with ORs of 1.18 (95%CI: 1.02–1.37) and
1.84 (95%CI: 1.53–2.21), respectively. Interestingly, HPV
infection rates were positively correlated with the highest
level of education of the participants. Compared with
women with the education level of primary school or
below, the ORs (95% CI) of HPV infection among women
with an education level of senior high school and college
degree or above were 1.37 (1.09–1.72) and 1.62 (1.23–
2.12), respectively. Compared with Han women, Uyghur
women were at a lower risk of HPV infection with the OR
of 0.78 (95% CI: 0.61–0.99). We also found that the HPV
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infection rate was highest among women in Eastern
Xinjiang (7.9%), which was followed by Northern
Xinjiang (5.8%). Women from Southern Xinjiang had
the lowest HPV infection rate of 4.1%.
Prevalence of common gynecological diseases and different
cervical lesions in Xinjiang

The prevalence of common gynecological diseases, as well
as cervical cancer and precancerous lesions, were analyzed
according to region, and the results are shown in Table 2.
Regarding common gynecological diseases, Northern
Xinjiang had the highest prevalence of vaginitis
(26.10%, P< 0.001) and genital condyloma acuminata
(0.20%), whereas cervicitis was more prevalent in women
from Southern Xinjiang (26.40%, P< 0.001), which was
followed by Eastern Xinjiang (20.50%) and Northern
Xinjiang (11.60%). For regional distribution, Southern
and Eastern Xinjiang had a higher prevalence (0.01%) of
microinvasive carcinoma. The detection rate of CIN2+was
0.15%, 0.10%, and 0.14% in Southern, Northern, and
Table 1: Multivariate unconditional logistic regression analysis between

Characteristics N

Age
35–44 years 6929
45–54 years 6526
55–64 years 2063

Education level
Primary school or below 7319
Junior high school 5884
Senior high school 1504
College degree or above 811

Nationality
Han 7286
Uyghur 5665
Kazakh 1461
Others 1106

Regions
Eastern Xinjiang 8610
Northern Xinjiang 4922
Southern Xinjiang 1986

Total 15,518

HPV: Human papillomavirus; OR: Odds ratio; -: Not applicable.

Table 2: Prevalence of common gynecological diseases, cervical cance

Prevalence of common gynecological diseases (n (%)) Pre

Regions N Vaginitis

Genital
condyloma
acuminata Cervicitis

Southern Xinjiang 134,308 21,809 (16.24) 177 (0.13) 35,407 (26.36) 13
Northern Xinjiang 68,702 17,965 (26.15) 115 (0.17) 7978 (11.61) 63
Eastern Xinjiang 13,744 2010 (14.62) 5 (0.04) 2822 (20.53) 11

Total 216,754 41,784 (19.28) 297 (0.14) 46,207 (21.32) 20
P value <0.001 0.002 <0.001

Early diagnosis rate of cervical cancer (%)
∗
= (number of CIN2/3 and mic

intraepithelial neoplasia grade 1; CIN2/3: Cervical intraepithelial neoplasia
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Eastern Xinjiang, respectively (P= 0.018). The early
diagnosis rate of cervical cancer in women from Southern,
Northern, and Eastern Xinjiang was 88.41%, 79.17%,
and 84.21%, respectively, without significant differences
(P= 0.148).
Distribution of cervical precancerous and cancer lesions by
demographic characteristics

Women with a histological diagnosis of CIN and cervical
cancer were grouped into distinctive social categories, and
the relative rates of cervical cancer and precancerous
lesions were compared and analyzed [Table 3]. We found
that women aged 55 to 64 years had the highest proportion
(22.95%) of invasive cancer. CIN distribution differed
significantly according to education levels (P< 0.05). The
relative proportions of CIN1 in women with the
educational level of primary school, junior high school,
senior high school, and college degree or above, were
36.46%, 45.87%, 12.50%, and 0, respectively, whereas
HPV infection and potential high-risk factors.

HPV prevalence, n (%) OR (95% CI)

397 (5.7) 1 (reference)
445 (6.8) 1.182 (1.023–1.367)
205 (9.9) 1.836 (1.525–2.211)

441 (6.0) 1 (reference)
409 (7.0) 1.126 (0.961–1.320)
119 (7.9) 1.366 (1.088–1.715)
78 (9.6) 1.618 (1.233–2.124)

580 (8.0) 1 (reference)
298 (5.3) 0.775 (0.609–0.985)
91 (6.2) 0.803 (0.636–1.013)
78 (7.1) 0.903 (0.703–1.159)

679 (7.9) 1 (reference)
286 (5.8) 0.721 (0.625–0.831)
82 (4.1) 0.503 (0.340–0.636)

1047 (6.7) -

r, and precancerous lesions in various regions of Xinjiang.

valence of cervical cancer and precancerous lesions (n (%))

CIN1 CIN2/3
Microinvasive
carcinoma

Invasive
cancer

CIN2+
detection
rate (%)

Early diagnosis
rate of cervical
cancer (%)

∗

2 (0.10) 166 (0.12) 17 (0.01) 24 (0.02) 0.15 88.41
(0.09) 57 (0.08) 0 (0.00) 15 (0.02) 0.10 79.17
(0.08) 15 (0.11) 1 (0.01) 3 (0.02) 0.14 84.21

6 (0.10) 238 (0.11) 18 (0.01) 42 (0.02) 0.14 85.91
0.906 0.077 0.035 0.936 0.018 0.148

roinvasive carcinoma/total number of CIN2+) � 100%. CIN1: Cervical
grade 2/3.
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Table 3: Distribution of patients according to age, education level, and cervical cancer and precancerous lesions, n (%).

Characteristics N CIN1 CIN2/3 Microinvasive carcinoma Invasive cancer

Age
35–44 years 118 42 (35.59) 60 (50.85) 4 (3.39) 12 (10.17)
45–54 years 146 55 (37.67) 73 (50.00) 1 (0.68) 17 (11.64)
55–64 years 61 22 (36.07) 21 (34.43) 4 (6.56) 14 (22.95)
P value 0.937 0.079 0.054 0.043

Education level
Primary school or below 181 66 (36.46) 83 (45.86) 4 (2.21) 28 (15.47)
Junior high school 109 50 (45.87) 47 (43.12) 2 (1.83) 10 (9.17)
Senior high school 24 3 (12.50) 15 (62.50) 3 (12.50) 3 (12.50)
College degree or above 11 0 9 (81.82) 0 2 (18.19)
P value 0.001 0.039 0.097 0.390

Ethnicity
Han 86 28 (32.56) 43 (50.00) 1 (1.16) 14 (16.28)
Uyghur 205 71 (34.63) 100 (48.78) 7 (3.41) 27 (13.17)
Others 34 20 (58.82) 11 (32.35) 1 (2.94) 2 (5.88)
P value 0.017 0.176 0.582 0.317

CIN1: Cervical intraepithelial neoplasia grade 1; CIN2/3: Cervical intraepithelial neoplasia grade 2/3.
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the relative proportions of CIN2/3 were 45.86%, 43.12%,
62.50%, and 81.82%, respectively. This result illustrates
the uneven severity of the cervical cancer burden among
women of different social status within Xinjiang. Although
women with higher education are more likely to develop
this disease [Table 1], they also have access to more health
resources and a positive prognosis.
Discussion

HPV infection is a necessary condition for the occurrence
anddevelopmentof cervical cancer,whichcanbedetected in
99.7% of cervical cancer lesions with an risk ratio of 250
and a percentage of attributable risk of >98%.[4] In this
cross-sectional population-based study of women in
Xinjiang, we found the overall HR-HPV prevalence was
6.75%. These results are consistent with those reported by
Sui et al,[13] which showed that the HPV prevalence among
XinjiangUyghurwomenwas7.25%.Both studies showeda
lower infection rate than the national average. Zhao
et al[8,14] reported that the HPV incidence in China was
16.8%, in Shenyang was 17%, in Shenzhen was 18%, and
in Jiangsu was 19%. The most frequent HPV genotypes
identified in our study were HPV 16, 33, and 52, which
differed from studies performed elsewhere in China and
worldwide.[15-18] The results were also different from those
of a high-risk region-based study of Uyghur women
conducted by Mijit et al,[19] who reported that the most
frequent HPV types were HPV 16, 58, and 39. In China,
HPV 16 and 18 are the predominant types, followed by
HPV 58, 31, and 52.[14] A proportion of 71.4% of HPV-
positive high-grade lesions (CIN2+) was attributed to HPV
16 and 18 infection, and 24.1%were attributed toHPV 33,
52, and 58 infection.[20] However, in our study, theHPV 18
infection rate in Xinjiang was low. This was consistent with
results previously reported in Xinjiang.[13,19] The HPV
infection rate in Xinjiang is not high, and whether this
phenomenon is related to themenopausal status needs to be
determined in future studies.
1842
The overall HPV infection rate of rural women in Xinjiang
showed a gradual upward trend with age, although no
significant differences in peak ages of infection were
observed. The HPV infection rates in the different age
groups were consistent with the results of previous
studies.[19,21] However, after menopause, the latent HPV
may be reactivated due to impaired immune response in
HPV-positive women.

One unusual but previously shown trend in our study was
the increased prevalence of HPV among women with
higher levels of education. This trend was also reported by
Abulizi et al,[3] contrary to the results of previous studies in
other parts of China and the world.[22-24] This might be
explained by the correlation between the number of sexual
partners and the sexual hygiene in a woman’s lifetime.
Women with a lower education level are more likely to
marry earlier and have a fixed sexual partner, whereas
those with a higher educational level tend to have more
sexual partners and then settle down into monogamous
marital relationships later in life.

Another intriguing result was the higher incidence of Han
women with positive HPV relative to their Uyghur or
Kazakh counterparts. This discrepancy could be a result of
several factors, including the typical average number of
lifetime sexual partners for each respective ethnicity.
Uyghurs and Kazakhs have relatively traditional culture,
and generally have a very conservative view regarding
sexual promiscuity. The discrepancy in the numbers of
lifetime sexual partners between these ethnic groups could;
therefore, be explained through a cultural framework.
However, Abulizi et al[3] reported that approximately 50%
(48.5%) of Uyghur women remarried at least once, and
6.5% married more than three times. This might compete
with lifetime partners in Han women, although the data
remain unclear.

Currently recognized risk factors for cervical cancer, in
addition to HPV infection, are synergistic risk factors.
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These include biological factors, including bacterial
infections from species such as Chlamydia, as well as
viral infections. The present study showed that the
detection rate of vaginitis in rural areas of Xinjiang was
19.28%, and that of cervicitis was 21.32%. These rates
are higher than the national average rates in China
(vaginitis: 4.39–11.17; cervicitis: 5.77–15.53).[25,26] The
detection rates of vaginitis and external genital condylo-
ma acuminata were also calculated, and the regional
distribution of these diseases was compared. The
Northern region had higher rates of both diseases
compared with other areas, whereas the Southern region
had a relatively high incidence of cervicitis. According to
Abulizi et al,[3] most farmers in the rural areas of
southern Xinjiang used cloth and clods for wiping after
using the toilet, cleaned menstrual period blood with a
cloth and substandard toilet paper substitutes, and had
sex after cleaning the vagina using fingers. Certain
lifestyle habits that cause malnutrition in male and
female genitals can also pose a risk to women with
general vaginal illnesses. Patients with cervicitis and
condyloma acuminata may face an increased risk of
developing cervical cancer. These people should be the
focus of future census research and enhanced surveillance
programs in Xinjiang, especially in the Northern region,
where the detection rate of genital warts is high. Special
investigations have identified key counties (cities) and
high-risk groups that should be the focus of early
intervention programs.

The detection rate of cervical cancer in rural Xinjiang
women was 0.14%, and the early diagnosis rate was
79.9%. This detection rate is much higher than the
national average, which was reported at 0.02% in the
2013 national “two cancer” screening data. However, the
early diagnosis rate is lower than the national average of
89.57%. The high detection rate and low early diagnosis
rate suggest that cervical cancer is a prominent, yet poorly
managed, a public health problem that greatly affects rural
women in Xinjiang. On the other hand, these results
underscore the need to improve the rate of early diagnoses
and the level of participation among rural Xinjiang
women.

The relative detection rate of cervical cancer in rural areas
of Xinjiang showed an imbalanced regional distribution
compared with that in more populated areas. The
detection rate of cervical cancer amongwomen in Southern
Xinjiang was higher than that of other areas, suggesting
that Southern Xinjiang bearded the heaviest burden of
cervical cancer in Xinjiang. Uyghur women in the area
displayed the highest rates of cervical cancer and
precancerous lesions compared with those of other
ethnicities. Precancerous lesions primarily occurred in
45- to 55-year-old women who received an education
through or up to college degree or above, and the incidence
of cervical cancer was higher in women aged 55 to 64 years
and below. This was consistent with the 2015 Xinjiang
Cancer Registry Report[27] and a previous study of cervical
cancer incidence in Xinjiang.[28] The factors affecting these
results are related to the population, economy, medical
care, religion, and culture in Southern Xinjiang. As of the
end of 2020, the Xinjiang Statistical Yearbook reported
1843
that the total population of Xinjiang was 25,852,345.
Among them, the Uyghur population accounted for 11.62
million, accounting for 44.96%.[29] Uyghur people mainly
live in Southern Xinjiang, and their per capita gross
domestic product is lower than that of Northern and
Eastern Xinjiang. Rural Southern Xinjiang women are
vulnerable to HPV-activating and the long-term existence
of chronic cervicitis, and poor health and sexual hygiene
habits. Such lifestyle habits self-perpetuate in a vicious
cycle as long as they remain unaddressed and are
perpetuated in the region.

This is the study with such a large sample size to
comprehensively report the epidemiological characteristics
of HPV infection and cervical (pre)cancer in Xinjiang.
Although the study did not include the sampling process,
and also due to that the screening practice was conducted
by different health workers from rural areas of the
Xinjiang region, the representativeness of the study
population and the quality assurance might be suboptimal.
However, considering the fact that although the national
cervical cancer screening project has been launched in
2008, the related publications that summarize the
screening outcomes and performance in the Xinjiang
region is very limited. Thus, based on available data, we
devote to provide a comprehensive blueprint of cervical
cancer epidemiology in Xinjiang, which is of great
importance for future cervical cancer prevention strategy
in this region.

To conclude, our study indicates that the prevalence of
HPV infection in Xinjiang women is relatively low, and the
most prevalent HPV genotypes are HPV 16, HPV 33, and
HPV 52. HPV infection status is positively correlated with
age and educational level. The detection rates of cervical
cancer and precancerous lesions in Xinjiang rural women
are higher than the average national rates, whereas the
early diagnostic rates are lower than the average national
rates. Cervical cancer is a prominent public health problem
among rural women in Xinjiang, especially in Southern
Xinjiang. Programs focusing on the prevention and control
of cervical cancer should be strengthened in this high-risk
population.
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