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Abstract

Background Condom use at last intercourse is an effective indicator for human immunodeficiency virus (HIV)
prevention. To identify at-risk individuals and improve prevention strategies, this study explored factors associated
with condomless sex at last intercourse in the last year and developed a risk estimation model to calculate the indi-
vidual possibility of condomless sex among college students in Zhuhai, China.

Methods A cross-sectional study was conducted among 1430 college students who had sex in the last year from six
universities in Zhuhai. The least absolute shrinkage and selection operator (LASSO) and logistic regression were
performed to explore the predictors of condomless sex. The nomogram was constructed to calculate the individual
possibility of condomless sex. Discrimination and calibration of the nomogram were evaluated using the area

under the receiver-operator characteristic curve (AUROC) and the calibration curve.

Results The proportion of students who had condomless sex at last intercourse was 18.2% (260/1430). Students who
had experienced more types of intimate partner violence (aOR, 1.58;95% Cl, 1.31~1.92) and had anal sex (@OR, 1.75;
95% Cl, 1.06 ~2.84) were more likely to have condomless sex. Students who had heterosexual intercourse (@OR, 0.37;
95% Cl,0.21~0.70), used condoms at first sex (aOR, 0.20; 95% Cl, 0.14~0.27), had high attitudes towards condom use
(@OR, 0.87;95% Cl, 0.80~0.95) and self-efficacy for condom use (@OR, 0.84; 95% Cl, 0.78 ~0.90) were less likely to have
condomless sex. The nomogram had high accuracy with an AUROC of 0.83 and good discrimination.

Conclusions Intimate partner violence, anal sex, condom use at first sex, attitude towards condom use, and self-effi-
cacy for condom use were associated with condomless sex among college students. The nomogram was an effective
and convenient tool for calculating the individualized possibility of condomless sex among college students. It could
help to identify individuals at risk and help universities and colleges to formulate appropriate individualized interven-
tions and sexual health education programs.
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among college students [3]. The number of newly diag-
nosed people living with HIV among college students
in China was increasing at a rate of 30-50% per year
[4]. In addition, a survey of 35,383 unmarried female
college students in China found that the proportion
of unintended pregnancy was 31.8%, of which 53.5%
experienced two or more pregnancies [5]. The current
situation has reminded us that condomless sex among
college students is still an issue that deserves atten-
tion. With greater self-control and adaptability, college
students had the opportunity to change their behavior.
Therefore, understanding factors associated with con-
domless sex at this stage could help college students to
break their risky sexual behavior habits in time.

Condom use at the last intercourse is one of the most
common measures used to assess condom use [6]. A
large number of studies have shown that condomless
sex is influenced by a wide range of factors, including
social demographic characteristics, behaviors, sub-
stance use, psychological factors and so on [7-11].
For example, condom use at the first sex [12-14],
experience of intimate partner violence (IPV) [8, 15],
and self-efficacy of condom use [10, 16, 17] were sig-
nificant predictors of condomless sex. Previous stud-
ies have usually used logistic regression to access the
risk factors for condomless sex, but the effect of differ-
ent risk factors varies. When many factors coexist, it
is important to identify the salient factors and to help
individuals recognize or identify their risks based on
these factors. Identifying students at risk of condom-
less sex not only helps to prevent condomless sex at an
early stage, but also protects their sexual health. The
nomogram is a graphical tool based on a regression
model, which can distinguish the differences between
each factor [18]. In the nomogram, each factor cor-
responds to different numerical points, which could
be calculated to obtain the total score of each factor
for each individual in relation to the risk of the event,
reflecting their personal risk. Nowadays, the nomo-
gram has been widely used to predict a variety of clini-
cal outcomes [19-23], which formed the basis for the
formulating treatment cases and patient management.
However, it has rarely been applied school health set-
tings. The nomogram can quantify the risk of indi-
vidual events without the need for complex formula
calculations, which is easily accepted by health educa-
tors and facilitates better health education. Therefore,
a cross-sectional survey was conducted to explore the
significant predictors of condomless sex, and then
nomogram to predict the individual possibility of con-
domless sex at last intercourse was developed and vali-
dated among college students in Zhuhai, China.
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Methods
Population
A cross-sectional survey was conducted among college
students from six out of the seven universities in Zhuhai
City, China. Inclusion criteria for participants included
1) college students enrolled in six universities in Zhuhai;
2) those who consented to participate in the survey and
completed the questionnaire, and minors who had con-
sent from their guardians; 3) self-reported history of sex-
ual intercourse (including vaginal, anal, or oral sex).
Exclusion criteria for participants included 1) those
with mental illness and intellectual disability; 2) those
who did not fully understand the informed consent pro-
cess and did not consent to the questionnaire, and minors
who had no consent from their guardians; 3) those who
self-reported no sexual experience.

Study setting

The sample size estimation formula for a cross-sectional
study was used to calculate the required sample size.
With a proportion of condomless sex at last intercourse
among college students in Zhuhai (P) of 7.3%, a preci-
sion error (d) of 0.1P, and a confidence level of 95%, the
required sample size was calculated to be 5366, consid-
ering a nonresponse rate of 10% [24]. A multistage sam-
pling method was used to recruit college students in
Zhuhai City from September to October 2019. In the first
stage, probability proportional to size sampling was used
to determine the sample size of each university, where
the probability of selecting a student was proportional
to the total number of students in each university, ensur-
ing the representativeness of the sample and improve the
accuracy of the study results [25]. In the second stage, all
departments/colleges in each university were classified
into one of the four fields of major (literature, science,
arts and medicine). One or two specific majors were
then randomly selected from each field of major. In the
third stage, random cluster sampling was used to select
between one and five classes from each grade of the spe-
cific majors. All students in the selected classes were
invited to self-administer the online questionnaire via a
link. Using the sampling method described above, a total
of 12,235 students were recruited, and 1430 students
who had sex in the last year were included in this study.
Supplementary Fig. 1 shows the schematic presenta-
tion of sampling procedure for this study. The study was
approved by the Ethics Committee of the Zhuhai Centre
for Disease Control and Prevention.

Data collection
Data were collected using an electronic question-
naire. The survey was organized and coordinated by the
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Department of Epidemiology and Biostatistics, School
of Public Health, Guangdong Pharmaceutical University.
The questionnaire investigators received uniform train-
ing. Senior investigators examined the collected ques-
tionnaires for quality control to ensure the accuracy of
the data.

Variables

The self-designed electronic questionnaire was developed
based on the standardized National AIDS Sentinel Sur-
veillance Questionnaire, specifically designed for college
students [26], and the existing literature [6, 27-31]. The
questionnaire collected the following data: 1) Sociode-
mographic characteristics included sex, age, the field of
major, grade, residence, monthly disposable income, and
resident student. 2) Behavioral characteristics included
sexual orientation, sexual partner seeking, ever having
had vaginal sex, ever having had oral sex, ever having had
anal sex, ever having had heterosexual intercourse, age at
sexual debut (< 18years, >18years), condom use at first
sex, experience of IPV [32, 33], the number of types of
IPV experienced, ever having been tested for HIV, aware-
ness of HIV-related knowledge and willingness to receive
HIV-related education. IPV was measured with four
items: D Do you have an intimate partner (boyfriend/
girlfriend, spouse, or other sexual partners)? @ Have you
ever been threatened with violence, treated with violence
(e.g. slapping, hitting, kicking, pushing, throwing things
at you) or fought with your intimate partners? (3 Have
your intimate partners ever insisted on having sex with
you or force you to have sex when you don’t want to? @
Have your intimate partners ever verbally threatened,
demeaned in front of others, ridiculed for your appear-
ance, forced to get high or drunk, or stalked, or having
property destroyed or damaged? [32, 33]. The types of
IPV experienced were physical violence, sexual violence,
and psychological violence. There were five items ‘no inti-
mate partner, no experience, one type, two types, three
types. 3) Substance use before sex included smoking
before sex, using e-cigarettes before sex, drinking alcohol
before sex, and using club drugs before sex. 4) Psycho-
social factors included attitudes, norms, and self-efficacy
for condom use which were measured by the Sexual Risk
Behavior Beliefs and Self-efficacy (SRBBS) scale [28] with
a Cronbach’s « of 0.943. A 10-item short version of the
Big Five Inventory [29], Form V of the Sensation Seek-
ing Scale for adolescents [30], and the 10-item Sexual
Compulsivity Scale [31] were used to measure the five-
factor model of personality, sensation seeking, and sexual
compulsivity, and their internal consistency estimates
(i.e., Cronbach’s a) were 0.652, 0.857, and 0.941, respec-
tively. Responses to the SRBBS and sexual compulsiv-
ity were given on four-point scales labeled ‘1’ (strongly
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disagree), 2° (disagree), ‘3’ (agree), and ‘4’ (strongly
agree). Responses to the five-factor model of personal-
ity and sensation seeking were given on five-point scales
labeled ‘1’ (strongly disagree), 2’ (disagree), ‘3’ (unknow),
‘4’ (agree), and ‘5’ (strongly agree). 5) Condomless sex,
which was the outcome variable in this study, was defined
as not using a condom during the last sexual intercourse
in the last year [6].

Statistical analysis

In the univariate analysis, non-normal continuous vari-
ables are expressed as the median (M) and interquartile
range (IQR) and were compared using the Mann-Whit-
ney test. Categorical variables were compared using the
X2 test.

The dataset was randomly split into a derivation cohort
(70%) and a validation cohort (30%). We obtained all var-
iables from the questionnaires and used the least absolute
shrinkage and selection operator (LASSO) regression to
select potential variables associated with condomless sex
with 10-fold cross-validation. LASSO regression can be
used to screen variables and adjust for complexity while
fitting a generalized linear model. It eliminates the weaker
factors with greater penalties, whose coefficient shrinks
towards zero, and keeps the most vital factors in the
model [20, 23]. Stepwise multivariable logistic regression
analysis was then used to determine the final independ-
ent predictors of condomless sex to construct the nomo-
gram [23, 34]. The nomogram proportionally converts
each regression coefficient in the multivariable logistic
regression into a score. Finally, the total score for each
participant was used to calculate the predicted probabil-
ity of condomless sex by functional transformation [19].
We used 1000 bootstrap resamples as internal validation
to estimate the accuracy of the model. The area under the
receiver-operator characteristic curve (AUROC) and the
calibration curves were used to evaluate the discrimina-
tion and calibration of the model, respectively. All analy-
ses were performed using R, version 4.0, and P<0.05 was
considered statistically significant.

Results

Characteristics of college students

A total of 1430 students from six universities in Zhuhai
who had sex in the last year were included in this analy-
sis, of whom 18.2% (260/1430) had condomless sex at
last intercourse. As shown in Table 1, there were 57.6%
males and 42.4% females with a mean age of 20.98 (1.43)
years. Most of them had an urban residence (73.1%),
had a disposable income of more than 2000 yuan per
month (73.6%) and lived in school dormitories (96.8%)
(Table 1). As shown in Table 2, the most of the students
identified themselves as heterosexual (85.5%) and had
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Table 1 Sociodemographic characteristic among college students who had sex in the last year
Variables Total (N=1430) Condom use group Condomless sex )(2 PValue
(n=1170) group(n=260)
Sex 1.043 0.307
Male 823(57.6) 666(56.9) 157(60.4)
Female 607(42.4) 504(43.1) 103(39.6)
Age, mean (SD?), y 20.98(1.43) 20.96(1.33) 21.08(1.79) 1.167 0.244
Field of major 2.128 <0.001
Literature 584(40.8) 483(41.3) 101(38.8)
Science 452(31.6) 369(31.5) 83(31.9)
Art 364(25.5) 297(25.4) 67(25.8)
Medicine 21(1.5) 19(1.6) 2(0.8)
N/A 9(0.6) 2(0.2) 7(2.7)
Grade 0.779 0.712
Freshmen 233(16.3) 188(16.1) 45(17.3)
Sophomore 410(28.7) 341(29.1) 69(26.5)
Junior 508(35.5) 414(354) 94(36.2)
Senior 279(19.5) 227(19.4) 52(20.0)
Residence 0016 0.899
Urban 1046(73.1) 855(73.1) 191(73.5)
Rural 384(26.9) 315(26.9) 69(26.5)
Monthly disposable income, yuan 2.764 0.251
O~ 377(26.4) 301(25.7) 76(29.2)
2001~ 868(60.7) 722(61.7) 146(56.2)
>4000 185(12.9) 147(12.6) 38(14.6)
Resident student 1.997 0.158
Yes 1384(96.8) 1136(97.1) 248(95.4)
No 46(3.2) 34(2.9) 12(4.6)

2 SD referred to standard deviation

had heterosexual intercourse (94.6%). The proportions
who had ever had vaginal sex, oral sex and anal sex were
91.3%, 64.7% and 8.9%, respectively. Approximately one
in five (20.3%) students had their first sexual intercourse
before the age of 18, of whom 23.4% did not use a con-
dom the first time they had sex. The proportion of stu-
dents who had ever experienced IPV was 18.7%. Only
7.6% of the students had been tested for HIV, and 83.4%
had acquired HIV-related knowledge. However, 6.4% of
students were reluctant to accept HIV-related educa-
tion (Table 2). As shown in Table 3, The proportions of
smoking, using e-cigarettes, drinking alcohol and using
club drugs before sex were 24.3%, 8.4%, 35.1% and 2.1%,
respectively. The median scores for attitude towards con-
dom use, condom use norms, and condom use self-effi-
cacy were 15.0 (IQR, 12.0-15.0), 15.0 (IQR, 12.0-15.0),
and 14.0 (IQR, 11.0-15.0), respectively. The median
score for sexual compulsivity was 18.0 (IQR, 11.0~21.0)
(Table 3).

Compared to the condom-using group, the condom-
less group had higher proportions of students who

were non-heterosexual (P=0.002), had oral (P=0.002)
and anal sex (P<0.001), had the first sex before the
age of 18 (P<0.001), did not use condoms at first sex
(P<0.001), and had experienced more than two types
of IPV (P<0.001) (Table 2). In addition, the condom-
less group was more likely to smoke (P = 0.002), use
e-cigarettes (P< 0.001), drink alcohol (P<0.001) and use
club drugs (P<0.001) before sex than the condom-using
group (Table 3), while the condomless group was less
likely to have vaginal sex (P<0.001), have heterosexual
sex (P=0.001) and be willing to receive HIV-related
education (P=0.002) than in the condom-using group
(Table 2). In terms of scores, attitude towards condom
use (P<0.001), condom use norms (P<0.001), and con-
dom use self-efficacy (P<0.001) were lower in the con-
domless group than in the condom-using group, while
sexual compulsivity (P<0.001) was higher in the con-
domless group than in the condom-using group (Table 3).
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Table 2 Behavioral characteristics among college students who had sex in the last year

Variables Total (N=1430) Condom-using group Condomless sex X PValue

(n=1170) group (n=260)

Sexual orientation 9.903 0.002
Heterosexual 1222(85.5) 1016(86.8) 206(79.2)
Non-heterosexual 208(14.5) 154(13.2) 54(20.8)

Seeking sexual partners 9.120 0.010
Internet 416(29.1) 333(28.5) 83(31.9)
Non-Internet 579(40.5) 495(42.3) 84(32.3)
Both 435(304) 342(29.2) 93(35.8)

Ever having vaginal sex 15.604 <0.001
Yes 1305(91.3) 1084(92.6) 221(85.0)
No 125(8.7) 86(7.4) 39(15.0)

Ever having oral sex 9.796 0.002
Yes 925(64.7) 735(62.8) 190(73.1)
No 505(35.3) 435(37.2) 70(26.9)

Ever having anal sex 42.063 <0.001
Yes 127(8.9) 77(6.6) 50(19.2)
No 1303(91.1) 1093(93.4) 210(80.8)

Ever having heterosexual intercourse 11.165 0.001
Yes 1353(94.6) 1118(95.6) 235(904)
No 77(54) 52(4.4) 25(9.6)

Age at sexual debut 36.176 <0.001
<18 290(20.3) 202(17.3) 88(33.8)
>18 11,140(79.7) 968(82.7) 172(66.2)

Condom use at first sex 198.763 <0.001
Yes 1095(76.6) 983(84.0) 112(43.1)
No 335(234) 187(16.0) 148(56.9)

The number of types of intimate partner violence experienced ° 62.016 <0.001
No intimate partner 48(3.4) 35(3.0) 13(5.0)
No experience 1114(77.9) 946(80.9) 168(64.6)
One 177(12.4) 141(12.1) 36(13.8)
Two 42(2.9) 22(1.8) 20(7.7)
Three 49(3.4) 26(2.2) 23(8.9)

Ever having HIV testing 1.793 0.196
Yes 109(7.6) 84(7.2) 25(9.6)
No 1321(924) 1086(92.8) 235(90.4)

Awareness of HIV-related knowledge 3338 0.068
Yes 1193(834) 986(84.3) 207(79.6)
No 237(16.6) 184(15.7) 53(20.4)

Willingness to receive HIV-related education 9.923 0.002
Yes 1338(93.6) 1106(94.5) 232(89.2)
No 92(6.4) 64(5.5) 28(10.8)

?Types of intimate partner violence experienced included physical, verbal, and sexual types

Development and validation of a nomogram

for Condomless sex

All the potential factors associated with condomless sex
were included in the LASSO regression. After selection
by LASSO regression (Supplementary Fig. 2), eight varia-
bles were retained, including ever having vaginal sex, ever

having anal sex, having heterosexual intercourse, condom
use at first sex, more types of IPV, attitudes towards con-
dom use points, condom use self-efficacy points and sex-
ual compulsivity points. After multivariable analysis, six
variables remained that were independently statistically
significant predictors of condomless sex. As shown in
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Table 3 Substance use and psychosocial characteristics among college students who had sex in the last year
Variables Total (N=1430) Condom-using group Condomless sex X PValue
(n=1170) group(n=260)
Substance use before sex
Smoking before sex 9.146 0.002
Yes 347(24.3) 265(22.6) 82(31.5)
No 1083(75.7) 905(77.4) 178(68.5)
Using e-cigarettes before sex 16.012 <0.001
Yes 120(8.4) 82(7.0) 38(14.6)
No 1310(91.6) 1088(93.0) 222(85.4)
Drinking alcohol before sex 18.235 <0.001
Yes 502(35.1) 381(32.6) 121(46.5)
No 928(64.9) 789(67.4) 139(53.5)
Using club drugs before sex 25452 <0.001
Yes 30(2.1) 14(1.2) 16(6.2)
No 1400(97.9) 1156(98.8) 244(93.8)
Psychosocial characteristics
Score on SRBBS, M (IQR)?
Attitudes towards condom use points 15.0 15.0 12.0 0.294 <0.001
(120~15.0) (13.0~15.0) (11.0~15.0)
Norms on condom use points 15.0 15.0 12.0 0.215 <0.001
(120~15.0) (120~15.0) (10.0~15.0)
Self-efficacy of condom use points 14.0 15.0 11.0 0319 <0.001
(11.0~15.0) (120~15.0) (9.0~12.0)
Five-factor model of Personality, M (IQR)
Extraversion 6.0(6.0~7.0) 6.06.0~7.0) 6.06.0~7.8) 0.021 0419
Agreeableness 6.0(6.0~7.0) 6.0(6.0~7.0) 6.0(5.0 ~7.0) 0.029 0.269
Conscientiousness 6.0(6.0~7.0) 6.0(6.0~7.0) 6.0(6.0~8.0) 0.012 0.643
Neuroticism 6.0(5.0~7.0) 6.0(5.0~7.0) 6.0(5.0~7.0) 0.016 0.535
Openness 8.0(6.0~9.0) 8.0(6.0~9.0) 8.0(6.0~9.0) 0.033 0214
Sensation seeking, M (IQR)
Experience seeking 6.04.0~7.0) 6.04.0~7.0) 6.04.0~7.0) 0.025 0337
Boredom susceptibility 6.0(5.0~7.0) 6.0(5.0~7.0) 6.0(5.0~7.0) 0.010 0.708
Thrill adventure seeking 6.0(5.0~8.0) 6.0(5.0~8.0) 6.0(5.0~8.0) 0.020 0439
Disinhibition 4.0(3.0~6.0) 4.0(3.0~5.0) 4.0(3.0~6.0) 0.089 0.001
Sexual compulsivity 18.0(11.0~21.0) 17.0(100~21.0) 20.0(13.0~23.0) 0.151 <0.001

2 SRBBS referred to sexual risk behavior beliefs and self-efficacy. M referred to median. IQR referred to interquartile range

Table, students who had experienced more types of IPV
(aOR, 1.58; 95% CI, 1.31 ~1.92) and had anal sex (aOR,
1.75; 95% CI, 1.06 ~ 2.84) were more likely to have con-
domless sex. However, students who had heterosexual
intercourse (aOR, 0.37; 95% CI, 0.21~0.70), used con-
doms at first sex (aOR, 0.20; 95% CI, 0.14~0.27), had
high scores on attitudes towards condom use (aOR, 0.87;
95% CI, 0.80~0.95) and self-efficacy for condom use
(aOR, 0.84; 95% CI, 0.78 ~0.90) were less likely to have
condomless sex (Table 4).

These independent predictors were used to construct
a nomogram to estimate the individualized risk of con-
domless sex (Fig. 1). In the nomogram, the options for

each variable correspond to a particular point on the
top row. The points of each variable are added together
to give a total point, which corresponds to the probabil-
ity on the bottom row. In addition, we have provided a
list of the specific total point and corresponding prob-
ability of condomless sex in Supplementary Table 1.
Based on the specific total point and the correspond-
ing probability of condomless sex, we divided the col-
lege students into three subgroups. The possibility of
condomless sex was less than 5% in the low-risk group
(total points<30), between 5 and 50% in the moder-
ate-risk group (30 <total points <170), and more than
50% in the high-risk group (total points>170). We also
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Table 4 Multivariable Logistic Regression Analysis of Predicting
Condomless Sex

Variable p? OR (95% CI) PValue
Having heterosexual intercourse,  —-0.98 0.37(0.21~0.70) 0.002
yes

More types of intimate partner 046  1.58(1.31~1.92) <0.001
violence experienced”

Ever having anal sex, yes 056  1.75(1.06~2.84) 0.027
Condom use at first sex, yes —-1.65 0.20(0.14~0.27) <0.001
Attitudes towards condom use -0.14 0.87(0.80~0.95) 0.001
points

Condom use self-efficacy points -0.18 0.84(0.78~0.90) <0.001

? Unstandardized { coefficients were calculated from the multivariable logistic
regression model

bTypes of intimate partner violence experienced included physical, verbal, and
sexual types

compared the actual proportion of condomless sex with
the predicted possibility in the three classified sub-
groups (Table 5). The proportion of condomless sex
was 2.6% in the low-risk group which accounted for
29.9% of all students. The proportion of condomless sex
was 19.1% in the moderate-risk group which accounted
for 60.9% of all students. The proportion of condomless
sex was 63.4% in the high-risk group which accounted
for 9.2% of all students. The actual possibility of con-
domless sex differed significantly (P<0.001) between
the three subgroups.
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In the derivation and validation cohorts, the AUROC
of the nomogram prediction model was 0.83 (95% CI,
0.80-0.85) and 0.85 (95%CI: 0.80-0.90), respectively
(Fig. 2). The calibration plots showed graphically that
the predicted estimate was in good agreement with the
ideal value (Fig. 2).

Discussions

In this cross-sectional survey, the proportion of condom-
less sex at last intercourse reported in our study (18.2%)
was lower than that of the students with similar demo-
graphics from other universities in 15 provinces and
cities in China (27.4%) [35], and lower than that of the
students from the Philippines (83.0%), Indonesia (61.3%),
Laos (62.3%), Thailand (58.2%), Singapore (57.8%), Myan-
mar (48.3%) and Cambodia (42.6%), but higher than that
of Malaysia (8.0%) and Vietnam (13.6%) [2]. The differ-
ent proportions of condomless sex at last intercourse
among college students could be attributed to differences
in study settings, populations, health education policies,
and so on [10, 36]. Efforts were still needed to make to
spread knowledge about safe sexual health among college
students to facilitate the implementation of the Healthy
China 2030.

Our results showed that students who had heterosex-
ual intercourse were less likely to have condomless sex,
which we need to explain in detail. Because the whole
population in this study had sex in the last year, individu-
als who had heterosexual intercourse included those who
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Table 5 The association between different risk groups and
actual outcome?

Risk category Outcome Overall
Condom-using sex Condomless sex

Low risk 417(97.4) 11(2.6) 428(29.9)

Moderate risk ~ 705(80.9) 166(19.1) 871(60.9)

High risk 48(36.6) 83(63.4) 13109.2)

Overall 1170(81.8) 260(18.2) 1430 (100.0)

?Values are numbers (percentages) unless stated otherwise. Fisher exact
probability test was applied. Bonferroni correction was used for pairwise
comparisons and significant threshold was corrected as 0.05/3=0.017.
Denoting: P-value of A vs B represents comparing the proportion of outcome
between A and B

P-value among three group is less than 0.001

P-value of Low-risk group vs Moderate-risk group is less than 0.001
P-value of Low-risk group vs High-risk group is less than 0.001
P-value of Moderate-risk group vs High-risk group is less than 0.001
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had only heterosexual intercourse and those who had
both heterosexual and homosexual intercourse. Students
who had not had heterosexual intercourse refer to those
who had only had homosexual intercourse. Therefore, it
could be concluded from our results that students who
had only heterosexual intercourse and those who had
both heterosexual and homosexual intercourse were less
likely to have condomless sex than those who had only
homosexual intercourse, which is similar to what was
reported in the study by Cathy Maulsby [37]. This may
be because many students still believed that the purpose
of condom use was contraception, which increased the
likelihood of condomless sex among students who had
had homosexual intercourse [37]. It is worth noting that
having anal sex was also a risk factor for condomless sex
in our study. Given the two factors above, we could fur-
ther conclude that having had homosexual anal sex was
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Fig. 2 The area under the receiver-operator characteristic curves (AUROC) and the calibration curve of the nomogram for predicting condomless
sex. AThe AUROC of Derivation cohort. B The calibration curve of Derivation cohort. C The AUROC of Validation cohort. D The calibration curve

of Validation cohort
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associated with a higher likelihood of having had con-
domless sex. This finding reminded the universities that
it was men who had sex with men who were the focus of
the students.

Consistent with existing studies [12-14], our study
showed that condom use at first sex was a protective fac-
tor for condomless sex. There may be a cognitive link
between sexual behavior and condom use at first sex,
with students choosing to use condoms at subsequent
sex based on the habits of their first sexual experience
[12—-14]. In addition, condom use at first sex could lead to
a reduction in the risk of STIs, and this feedback helped
students to use condoms the next time [38]. Previous
studies in different populations have suggested that vic-
tims of IPV had a higher risk of condomless sex [8, 15]. In
addition, our study contributed to the existing literature
by adding that having more types of IPV was a risk factor
for condomless sex among college students, which may
be explained by an accumulated effect of physical, psy-
chological, and sexual victimization. It has been reported
that IPV may be caused by the power of oppression [39].
The more types of IPV experienced and the more aspects
were oppressed and hurt, the more disadvantaged it was
to negotiate safe sex, which was prone to condomless sex
[8].

Our findings were in line with several previous stud-
ies conducted among college students, which revealed
that higher levels of condom use self-efficacy promoted
condom use at last intercourse among college students
[10, 17]. Condom use self-efficacy has been considered a
crucial part of many theories of condom use, including
the Theory of Reasoned Action (TRA), Social Cognitive
Theory (SCT) and the Health Belief Model (HBM) [28].
In addition, condom use self-efficacy was one of the most
important predictors of condom expectancy and actual
use [16]. Our results revealed that the higher the positive
attitude towards condom use, the higher the likelihood of
condom use. This finding was also reported in a system-
atic review of 96 studies [40]. In other words, if an indi-
vidual feels that the negative consequences of not using a
condom (STIs or unintended pregnancy) are unbearable,
or if an individual feels that there are benefits to using a
condom, then the individual’s attitude towards condom
use is positive [41]. However, it was interesting to note
that the norms on condom use were not included in the
nomogram in our study, which needs further investiga-
tion. The previous studies [40, 41] mentioned that norms
on condom use contributed less to the prediction of con-
dom use compared to attitude and self-efficacy, which
may partly explain the underlying reasons.

The findings above reminded us to pay more atten-
tion to students who have only had homosexual inter-
course or anal sex, especially those who have sex with
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men. In addition, comprehensive sexuality education
should be popularized at an early age to promote the use
of condoms at first sex so that students can develop the
habit. For students who are victims of IPV, professional
and effective services could be provided to protect their
physical and mental health and reduce their fear of safe
sex. Most importantly, it is necessary to establish positive
attitudes towards condom use and improve condom use
self-efficacy among college students.

Our study developed an effective and convenient tool
to calculate the individualized possibility of condomless
sex among college students, which showed high accu-
racy with an AUROC of 0.83 and good discrimination in
predicting condomless sex. The nomogram was a visual
graph based on a multivariable logistic regression model,
where each variable corresponded to a specific point, and
the total score of each variable was calculated to quan-
tify the risk of events in the population. This method is
effective and convenient, and can convert intangible risks
into visual and quantifiable scores. There were various
factors associated with condomless sex, and many col-
lege students were unable to recognize or identify their
risks and therefore did not take any protective measures.
We minimized the influence of multicollinearity using
LASSO regression, identifying the predictors from mul-
tiple perspectives and presenting them in the nomogram.
In our nomogram, each college student could calculate a
total score based on their actual risk factors for condom-
less sex and assess their possibility of having condomless
sex, which was a quantitative way of acknowledging their
risks. Only by understanding their risks can students bet-
ter guide their practical actions.

Students played an essential role in education, as recip-
ients and practitioners of sexuality education. Each stu-
dent was responsible for their own health and had to take
responsibility for their own consciousness, behavior and
consequences [42]. If students were aware of their risks,
they could receive individualized education to adapt their
behavior, change existing risk factors and reduce the sub-
sequent risks. Our nomogram standardized the scores
of the risk factors so that students could recognize the
contribution of each factor to the risk of condomless sex,
find out the most important risk factors, and receive indi-
vidualized education on behavior modification and habit
change to reduce the influence of the risk factors in the
right order.

In addition, our nomogram could be a source of infor-
mation for individualized education. Only by accurately
understanding students’ individualized information can
the best personalized teaching strategies be developed for
the students. Our nomogram which collected information
from students, was used to quantify the individual pos-
sibility of condomless sex among college students, which
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could provide specific recommendations for schools to
develop learning plans and training programs. In addi-
tion, our study also provided the risk subgroups. For uni-
versities and colleges, hierarchical management could
be applied to the existing management system to correct
the risk factors. For students in the low-risk group, regu-
lar education could continue, and for the moderate-risk
and high-risk groups, more frequent and intensive educa-
tion and interventions could be implemented. In the long
term, the nomogram could also be used to assess the trend
in students’ risks. Universities and colleges could use a
series of cross-sectional or cohort studies to assess the risk
of condomless sex among freshmen and then implement
interventions based on hierarchical management. Con-
tinuous assessments could be conducted every 6 months
or annually among different subgroups to tailor targeted
interventions to each subgroup of students.

Some limitations of this study should be noted. First,
the cross-sectional design does not allow conclusions to
be drawn about causality [23, 34]. Therefore, prospec-
tive studies are needed to verify the predictors of con-
dom use at last sex. Second, the nomogram model was
constructed among college students at six universities
in Zhuhai City, Guangdong Province, and it needs fur-
ther external validation among college students in other
regions. Although probability proportional to size sam-
pling was used to determine the sample size of each uni-
versity, in practice there was a gap between the projected
proportion and the actual proportion, possibly because
the actual number of students drawn from some uni-
versities was much larger than the projected number,
resulting in a disproportionality and affecting the repre-
sentation of the sample size. Third, because we relied on
self-reported condom use at last sex, we cannot rule out
reporting bias, but the anonymity of the questionnaire
may reduce the impact of reporting bias.

Conclusions

Our findings highlighted that students who have only had
homosexual sex or anal sex need more attention and that
victims of IPV need professional and effective services.
To help students use condoms, comprehensive sexuality
education should be provided early, and positive attitudes
towards condom use and condom use self-efficacy should
be improved. In addition, the constructed nomogram
prediction model had good discrimination and calibra-
tion, and it could predict the individualized risk of con-
domless sex among college students so that universities
and colleges could formulate appropriate individualized
measures and sexual health education programs.
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