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Abstract
Background: The careHPV test as a primary screening method for cervical can-
cer has been proven to be the best option for Uyghur women in Xinjiang in a 
previous study. In this research, we aim to discuss the appropriate age for Uyghur 
women in Xinjiang to be screened for cervical cancer using careHPV.
Methods: Eleven thousand women aged 20–69 years old (mean age 38.93 ± 9.74) 
from South Xinjiang were screened using careHPV and liquid-based cytology, 
and the positive results were referred for colposcopy and cervical biopsy. A ques-
tionnaire regarding basic social characteristics, sexual practices, and reproduc-
tive history was administered to each woman. The age-specific prevalence of 
HPV positivity, cytology abnormality, and cervical intraepithelial neoplasia (CIN) 
2+ in ≥25, ≥30, and ≥35 age groups were analyzed, and the diagnostic value of 
careHPV in the three age groups was evaluated. The chi-squared test was used to 
compare the differences between age groups. The sensitivity, specificity, positive 
predictive value, negative predictive value, and area under the receiver operating 
characteristic curve were calculated.
Results: The women were mostly married (76.3%) and delivered at 15–19 years 
of age (61.4%). The HPV infection rate was 9.15% and detection rates of CIN2+ 
and invasive cervical cancer were 1.53% (1530/100,000) and 0.25% (250/100,000), 
respectively. The first peak of HPV(+) appeared at the age of 30–34, while CIN2+ 
appeared at 35–39. CareHPV performed similarly well in the three age groups.
Conclusion: Based on the results of our study, Uyghur women in Xinjiang should 
be recommended to initiate cervical cancer screening at the age of 30 years when 
screened using careHPV.
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1   |   INTRODUCTION

In 2018, 570,000 women were diagnosed with cervical can-
cer worldwide, resulting in 311,000 deaths. Furthermore, 
nearly 90% of these new cases occurred in developing 
countries.1 Screening remains to be the predominant pre-
ventive method for cervical cancer even after the roll out 
of the HPV vaccine worldwide. Since 2009, free cervical 
cancer screening has been available for rural women aged 
35–59 years under a government-sponsored program pro-
posed by the Ministry of Health. Visual inspection with 
acetic acid (VIA) or Pap smears has been adopted as the 
primary screening method in two cancer screening pro-
grams. Around 100,000 women from rural areas benefit 
from the free screening policy each year.2 However, ac-
cording to the data from the Sixth National Population 
Census, the total number of women aged 35–64 in rural 
areas is about 1.6 billion.3

Pap smear and visual inspection with acetic acid/
Lugol's iodine  (VIA/VILI) showed poor effectiveness in 
practical cervical cancer screening projects. To add to that, 
the screening of hundreds of millions of Chinese women 
remains the biggest challenge for China. More studies are 
required to offer more reliable evidence for policymakers 
to select the optimum strategy based on the corresponding 
health resources.4

Cervical cancer is the most common cancer in Uyghur 
women, a minority group living in Western China. A sur-
vey that investigated cervical cancer mortality in eight eth-
nic minorities in China showed the highest mortality in 
the Uyghur (17.3/105), and the mortality rate was much 
higher in Uyghur women in every age group than in the 
Miao and Yi women.5

Cervical cancer screening policy is different all around 
the world given the inequality of health resources, and differ-
ent recommendations exist on the initiating age for screen-
ing, ranging from 25 years old to 35 years old when using 
the human papillomavirus (HPV) method. The American 
Society for Colposcopy and Cervical Pathology guidelines 
for cervical cancer screening suggest the use of a co-testing 
strategy, an HPV test along with cytology, for women older 
than 30  years.6 The World Health Organization recom-
mends that women between the ages of 35 and 40 years in 
low-resource settings should be screened at least once with 
cervical cytology, HPV DNA testing, or VIA.7

It is still controversial which type of screening proto-
col should be implemented in a low-resource region and 
which age should be the starting age of screening among 
women with a substantial rate of early marriage. Our re-
search team concluded from a large population-based 
screening study that primary screening through careHPV 
with liquid-based cytology (LBC) triage test is the best 
option for the Xinjiang region,8 and careHPV showed 

acceptable consistency with the Hybrid Capture 2 test in 
detecting HPV infection.9 Based on the promising perfor-
mance of careHPV, we attempted to discuss the reason-
able age to initiate the cervical cancer screening in Uyghur 
women and provide relevant evidence for cervical cancer 
screening guidelines in China.

2   |   MATERIALS AND METHODS

2.1  |  Study populations

This was a population-based, cross-sectional study with 
a total of 11,000 women being recruited from Kashgar 
Maralbexi County and Hotan Karakax County, Xinjiang 
Uyghur Autonomous Region, China, between May 2013 and 
May 2014. Eligible women were aged 20–69 years (mean age 
38.93 ± 9.74; divided into ten 5-year age groups, wherein a 
total of 77.8% of the women were aged 25–44), sexually ac-
tive, not pregnant, and had no history of cervical intraepi-
thelial neoplasia (CIN), cervical cancer, or hysterectomy. 
Demographic and lifestyle data including age, age at first 
sexual intercourse, education, income, menstrual status, 
parity, and number of deliveries were obtained using a ques-
tionnaire. All participants signed a written consent form in 
their native language prior to participation in the study. The 
study protocol was approved by the Ethics Committee of The 
Affiliated Tumor Hospital of Xinjiang Medical University.

2.2  |  Screening tests

Eleven thousand women were recruited at Karakax 
Maternal and Child Care Hospital, Hotan, China and 
Maralbexi Maternal and Child Care Center, Kashgar, 
China. First, a cervical brush sample was obtained to pro-
cess the LBC (Triplex International Bioscience [China] 
Co. Ltd.) sample and the results were expressed accord-
ing to the Bethesda classification. A second cervical speci-
men was taken with a brush to perform the careHPVTM 
test (Qiagen Inc.), which was used for the identification 
of HPV cervical infections. The careHPV test is an in vitro 
nucleic acid hybridization assay coupled with signal am-
plification that uses microplate chemiluminescence for 
the qualitative detection of 14 types of HR-HPV (16, 18, 
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) in cer-
vical tissue specimens. The careHPV test was performed 
onsite within 1  day by well-trained postgraduate medi-
cal students in the County Health Center for Women and 
Children. Women with positive results on LBC or careHPV 
were re-called for a colposcopy examination 1 week after 
the primary screening. A standardized colposcopy ex-
amination was performed by gynecologic oncologists at 
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the Affiliated Tumor Hospital of the Xinjiang Medical 
University. Histologic findings were classified as follows: 
no dysplasia, low-grade dysplasia (CIN 1), high-grade dys-
plasia (CIN 2–3), and squamous cancer cell (SCC).

2.3  |  Statistical analysis

Demographic information such as age, marital status, ed-
ucational level, occupation, and sexual-related status was 
quantified. The accuracy of four different screening strate-
gies was evaluated by indicators of sensitivity, specificity, 
positive and negative predictive values, and receiver op-
erating characteristic (ROC) curves. The chi-squared test 
was used to compare the screening performance between 
strategies. SPSS software (version 10.0) was used to ana-
lyze the data. Statistical significance was assessed using 
two-tailed tests with an α level of 0.05.

3   |   RESULTS

3.1  |  Participant's characteristics

Nearly half of the participants married only once, and 64.5% 
had delivered more than two children. Women preferred 
intrauterine devices (60.6%) for contraception compared to 
condoms (7.9%) and oral contraceptives (6.8%) (Table 1).

3.2  |  Age of first marriage and 
first delivery

All the women were married and delivered when they 
were older than 10 years old but younger than 34 years 
old. The age groups were divided by 5-year intervals. The 
results show that Uyghur women in Xinjiang mostly got 
married and delivered their babies at 15–19 years of age 
(76.3% and 61.4%, respectively), with the second peak age 
for marriage at 10–14 years of age (Figure 1).

3.3  |  Age prevalence of HPV, 
cytology, and CIN2+ detection rate

Among 11,000 women, 1006 were infected with HPV, gar-
nering an infection rate of 9.15% (Table 2). A total of 429 
(3.9%) women were tested for abnormal cytology, includ-
ing 33 women with atypical glandular cells of uncertain 
significance (AGC), 144 with atypical squamous cell of 
undetermined significance (ASC-US), 64 with atypical 
squamous cells-cannot exclude high-grade squamous in-
traepithelial lesion (ASC-H), 177 with low grade squamous 

intraepithelial lesion (LSIL), 67 with high grade squamous 
intraepithelial lesion (HSIL), and 4 with squamous cell 
carcinoma (SCC). Women with positive results for any of 
the two tests were referred for colposcopy. Cervical biopsy 
was performed on 1380 women, and according to the final 
histology results, the number of women who were classi-
fied as normal, CIN1, CIN2, CIN3, SCC, and adenocarci-
noma were 1064, 147, 61, 79, 26, and 2, respectively. One 
woman was diagnosed with cervical tuberculosis and was 
excluded from the study. The detection rates of CIN2+ 
and invasive cervical cancer were 1.53% (1530/100,000) 
and 0.25% (250/100,000), respectively.

T A B L E  1   Demographic characteristics of Uyghur women 
screened for cervical cancer (n = 11,000)

Characteristic N %

Age

20–24 826 7.5

25–29 1289 11.7

30–34 1753 15.9

35–39 1809 16.4

40–44 2281 20.7

45–49 1428 13.0

50–54 883 8.0

55–59 508 4.7

60–64 161 1.5

≥65 62 0.6

Educational level

Illiterate 1516 13.8

Primary 6155 55.9

Secondary 2836 25.8

Higher 493 4.5

Occupation

Farmer 9733 88.5

Non-farmer 1267 11.5

Marriage times

1 5563 50.6

2–3 4797 43.6

>3 640 5.8

Parity

≤2 3904 35.5

>2 7096 64.5

Contraception

Condom 870 7.9

Intrauterine device 6662 60.6

Sterilization 988 9.0

Oral contraceptive 747 6.8

Other 1733 15.7
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When stratified by age, HPV detection rate kept in-
creasing from 25 until 39  years of age, then showed a 
slight decline at age 40–44. It then sharply increased from 
45 years old with no drop until the age ≥65 years. In con-
trast to HPV, cytological abnormalities showed an increas-
ing trend later (starting at 30  years of age) and reached 
a peak at 55–59 years. The detection rate of CIN2+ also 
showed an increasing trend with increasing age starting 
from 20 years old, then a sharp increase appearing after 
the 30–34 age group, and reaching a peak at age 55–59, 
which is consistent with the cytology peak, and started to 
decline after that (χ2: 9.198, p: 0.002) (Figure 2).

3.4  |  careHPV performance by different 
age groups

We evaluated the diagnostic value of the careHPV test 
using different starting ages (25, 30, 35). Sensitivity, 

specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were similar in all groups, and 
the best performance was observed in women older than 
35  years, with the highest sensitivity (93.1%), specificity 
(23.8%), PPV (29.4%), and NPV (94.8%). The area under 
the ROC curve was 0.593 for women older than 35 years, 
compared to 0.580 for women older than 30  years and 
0.578 for women older than 25 years (Table 3, Figure 3).

4   |   DISCUSSION

In China, wide disparities in cervical cancer incidence and 
mortality exist, and are mainly attributable to the large 
population and unequal economic development in dif-
ferent areas across the country. The majority of Chinese 
women have never been screened, and this is particularly 
true for women in rural areas with poor access to health 
resources. The Xinjiang Uyghur Autonomous Region, 

F I G U R E  1   Age of Uyghur women at 
sexual debut and first delivery
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T A B L E  2   Detection rate of HPV, cytology, and CIN2+ of Uyghur women when stratified by different age groups

Age group HPV(+) Cyto(+)a CIN2+ HPV(+)/Cyto(−)a HPV(+)/Cyto(+)a

<25 (N = 826) 66 (7.99%) 24 (2.91%) 5 (0.61%) 54 (6.54%) 12 (1.45%)

≥25 (N = 10174) 940 (9.24%) 405 (3.98%) 162 (1.59%) 692 (6.80%) 248 (2.44%)

χ2 = 1.434
p = 0.231

χ2 = 2.356
p = 0.125

χ2 = 5.736
p = 0.017

χ2 = 2.164
p = 0.141

<30 (N = 2115) 167 (7.90%) 59 (2.79%) 17 (0.80%) 132 (6.24%) 35 (1.65%)

≥30 (N = 8885) 839 (9.44%) 370 (4.16%) 150 (1.69%) 614 (6.91%) 225 (2.53%)

χ2 = 24.920
p = 0.027

χ2 = 8.614
p = 0.003

χ2 = 9.684
p = 0.002

χ2 = 2.495
p = 0.114

<35 (N = 3868) 319 (8.25%) 107 (2.77%) 33 (0.85%) 261 (6.75%) 58 (1.50%)

≥35 (N = 7132) 687 (9.63%) 322 (4.51%) 134 (1.88%) 485 (6.80%) 202 (2.83%)

χ2 = 5.794
p = 0.016

χ2 = 20.459
p = 0.000006092

χ2 = 14.549
p = 0.0001365

χ2 = 14.313
p = 0.000155

Total 1006 (9.1%) 429 (3.9%) 167 (1.5%) 746 (6.8%) 260 (2.4%)

Abbreviation: ASC-US, atypical squamous cell of undetermined significance; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
aASC-US was used as the cut-off for cytology positive results.
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which is located in Western China, is a multiethnic area 
with a less developed economy. Uyghur women have the 
highest mortality and incidence of cervical cancer among 
13 minorities who lived in Xinjiang. This is due to some 
high-risk lifestyles related to HPV infection, which gen-
erally exist in Uyghur women, such as getting married 
and giving birth at an early age, multiple instances of 
pregnancy and delivery, poor genital hygiene, etc., which 
are believed to be closely related to cervical cancer.10 The 
mean age of the women (38.93 ± 9.74 years old) who par-
ticipated in the study showed that they belonged to a high-
risk group for cervical cancer. The majority (81.7%) of the 
participants were elementary school and secondary school 

graduates, which is lower than the data of Na's11 (75.2%), 
and 88.5% of all women were farmers. Low educational 
level is an important risk factor for cervical cancer because 
it prevents women from accessing health information and 
existing health services due to lower awareness. Among 
the screened women, the rate of condom use is very low 
(7.9%), which is slightly higher than the overall rate (6.6%) 
of condom use among Chinese women from rural China 
but lower than that in Turkey (20.9%).11,12

Studies on HPV prevalence and incidence indicate 
that the most consistent predictor of infection is sexual 
activity, particularly the age at first sexual intercourse or 
“sexual debut.” Of the women in this study, 76.3% were 

F I G U R E  2   Age-specific prevalence of 
HPV, cytology, and CIN2+ detection rate. 
CIN, cervical intraepithelial neoplasia; 
HPV, human papillomavirus.
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T A B L E  3   Performance of careHPV on different age groups among Uyghur women

Age group Sensitivity% Specificity% PPV% NPV% AUC SE p 95% CI of AUC

≥25 92.0 22.4 25.6 93.2 0.578 0.024 0.002 0.532 0.625

≥30 91.7 22.7 27.0 93.3 0.580 0.025 0.003 0.531 0.629

≥35 93.1 23.8 29.4 94.8 0.593 0.026 0.001 0.541 0.644

Abbreviations: AUC, area under the curve; CI, confidence interval; HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive 
value; SE, standard error.

F I G U R E  3   ROC curve of careHPV 
test by different starting age for screening. 
ROC, receiver operating characteristic
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married by 15–19 years of age, and 61.4% had their first 
delivery in this same age group. Around 89.56% of Uyghur 
women in this study started having intercourse before 
being 20 years of age, which was twice as high as that of 
Chinese women in rural areas (40.9%) and seven times 
higher than women in urban China (12.5%).13 A study 
reported that Uyghur women's age at first marriage was 
delayed from 17.76 in the 1960s to 21.83 years old in the 
1990s, reflecting the severity of risky sexual behavior in 
the early days of Xinjiang. We can then assume that in the 
1960s, women started having sex at least 4  years earlier 
than women now. Cervical cancer risk is twice as high in 
women married before 16 years of age compared to those 
who marry after 20  years of age. Another study on mi-
norities in rural Guizhou China showed that mean age of 
women's first marriage was 19.9 ± 1.6 years old, which is 
older than in Uyghur women (16.8 ± 2.3 years), and mean 
age of first delivery was 20.2 ± 1.7 years, which is older 
than in the women in this study (19.2 ± 3.0 years).14

As soon as women are sexually active, the risk of in-
fection with HPV increases dramatically. It was reported 
that the median time from first reported sex to acquisi-
tion of any HPV was 5  months in the Tanzania study, 
where girls were engaged in sex at 15 or 16 years old.15 
This is similar to our study where most women were 
married at 15–19 years old. However, in this study, we 
enrolled women older than 20 years, and the majority of 
them married at 15–19 years old. Therefore, the status 
of HPV acquisition after the first sex was not available. 
More than half of the participants of the study deliv-
ered their first child at the age of 15–19 years old. This, 
along with having their sexual debut at an early age, put 
Uyghur women at high risk of contracting HPV earlier 
in their life. Uyghur women in rural areas have lower 
awareness regarding healthy sexual practices and per-
sonal hygiene, such that most of them reported that 
they or their husbands do not shower before engaging 
in sex nor use sordid sanitary napkins, toilet paper, etc. 
Moreover, the divorce rate has been rising in recent 
years, which means that they might change their sex-
ual partners. All of these factors put these women at 
a higher risk of HPV infection and related diseases in 
the decade following their marriage. This might explain 
why the incidence of first HPV infection peaked at age 
30–34.

The HPV infection rate was lower in our study than that 
reported in mainland China (18.0%).16 The HPV detection 
rate continued to rise from age 25 until age 39, declined 
slightly at age 40–44, and sharply increased after age 45 
in this study. The data from Zhao report indicated that 
HPV prevalence declined in women older than 24 years 
old before increasing in women aged 35–39 years and then 
remained stable. A study from Tunisia indicated that the 

prevalence of HPV infection was highest among women 
aged <30  years, followed by a nonsignificant decline in 
HPV prevalence in women aged 30–50 years, and a new 
increase after 50 years of age.17 In all available literature, 
there is one prevailing point that HPV infection was low at 
age 25–40, but in our results, HPV prevalence kept rising 
from the starting line, showing a decline only in the age 
group of 40–44 years. This implies that immunodeficiency 
may exist in Uyghur women, which leads to early infec-
tion and later clearance in their lives. The abnormal cytol-
ogy detection rate was 3.9%, which is lower than the 5.49% 
reported by Cheng18 in mainland China, but higher than 
the 3.3% reported by Al Eyd in the UAE.15 Even though the 
survey was conducted in a rural area of Xinjiang, all cer-
vical smear specimens were transported to the Affiliated 
Tumor Hospital of Xinjiang Medical University and diag-
nosed by an expert. Therefore, the difference in cytology 
positive rate compared to that in the literature is possibly 
caused by population variation.

The detection rate of CIN2+ was 1.53%, and this detec-
tion rate was adopted in the study since the cervical can-
cer registry is not available in Xinjiang. Our result is lower 
than the 2.8% reported in a multicenter study in China19 
and the 1.6% reported in Mongolia,20 but is higher than 
the 0.5% reported in Thailand.19 The highest CIN2+ de-
tection rate was observed in the 35–39 years old age group, 
which is 5 years earlier from Zhao's report on 40–44 years 
of age. A hospital-based retrospective study conducted 
in Xinjiang Cancer Hospital reported that most cases of 
cervical cancer occurred in women aged 31–60  years, 
with a peak in the age group of 41–50 years.21 Data from 
the National Office for Cancer Prevention and Control 
indicated that two peaks of incidence rate appeared in 
women aged 40–44 years (18.7/100,000) and 80–84 years 
(13.9/100,000). Furthermore, the invasive cervical can-
cer detection rate in the current study was 250/100,000 
(0.25%), which is much higher than the reported inci-
dence rate in China and other countries.22

From the results of age-specific prevalence of HPV 
infection, cytological abnormalities, and CIN2+ detec-
tion rate, we can speculate that cytological abnormalities 
(35–39) occur 5 years later than HPV infection (30–34) in 
Uyghur women. Our data showed that the peak age of 
both HPV and CIN2+ in Uyghur women was 5 years ear-
lier than the result from a nationwide large multicenter 
survey conducted by Zhao, which was 35–39  years old 
for HPV infection and 40–44  years old for CIN2+. The 
younger age of HPV infection and CIN2+ detection may 
be the consequence of early marriage in the Uyghur mi-
nority. This information reflects the earlier acquisition of 
HPV and subsequent CIN2+ in Uyghur women than in 
other populations in China, highlighting the necessity of 
earlier cervical cancer screening for Uyghurs.
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The careHPV test was designed specifically for use in 
low-resource settings to screen women aged 30 years and 
older. The price for careHPV will be negotiated to be fea-
sible for each eligible country or organization. Moreover, 
careHPV allows treatment during the same screening visit. 
Studies23–26 on careHPV test also demonstrated better per-
formance compared to conventional screening methods. 
In our previous study,8,9 primary screening by careHPV 
with reflex cytology was confirmed to be the best option 
for rural areas, where there is a severe lack of health re-
sources and cytologists. Studies have shown that the sen-
sitivity of careHPV is uniformly high in all ages, while 
that of Pap smear is substantially better in older women.27 
The careHPV test showed better sensitivity (91.7%–93.1%), 
PPV (25.6%–29.4%), and NPV (93.2%–94.8%) among all 
age groups in this study than the data from India (sensi-
tivity of 37.7%–70.1%, PPV 12.5%, and NPV 54.5%–98%), 
but specificity (22.4%–23.8%) was lower than that reported 
(97.4%). A relatively low specificity means more careHPV 
positive with less pathological positivity, which may be 
related to limited colposcopy and biopsy skill, leading to 
missing exact pathological tissues from the cervix. The 
careHPV test showed consistency in all three age groups 
(≥25, ≥30, and ≥35 years), and is preferable to the Pap test 
for Xinjiang Uyghur women of all ages.

In conclusion, Uyghurs in Xinjiang suffer a huge bur-
den of cervical cancer incidence and mortality. The cervi-
cal cancer screening program in rural areas sponsored by 
the Chinese government uses VIA/VILI or Pap smears, 
which greatly contributes to early detection and early di-
agnosis of disease in rural Xinjiang. Nevertheless, HPV 
DNA testing, for example, careHPV, showed more prom-
ising value in global screening projects. The study con-
ducted by our research team also offered strong approval 
for the new screening protocol. Being an accurate, fast, 
feasible, and cheaper method, careHPV is the best choice 
for less developed regions in China. High risk factors, in-
cluding early marriage and early delivery, are prevalent 
in the Uyghur community. HPV infection will occur soon 
after the first sexual intercourse, and HPV prevalence 
in Uyghur women in this study increased rapidly after 
baseline age. Furthermore, the HPV detection rate in our 
study increased starting from 25 years of age and showed 
a first peak at 30–34 years, while the first peak of CIN2+ 
was at 35–39 years. Moreover, the careHPV test showed 
similar performance among all age groups with differ-
ent starting ages. In summary, the screening policy for 
Uyghur women may adopt the careHPV test as the pri-
mary screening method. Furthermore, the screening pro-
gram may start at 30 years of age, which is 5 years earlier 
than the age of 35 years old recommended by the World 
Health Organization for low-resource settings and by the 
Chinese government. In that case, more HPV-infected 

Uyghur women with cervical lesions could be discovered 
without delay. Early detection and diagnosis, which are 
the core targets of cervical cancer screening, could be 
better achieved. To improve on this study, further health 
economic evaluations are needed to justify our findings.
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