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Abstract
Background Men who have sex with men (MSM) globally face a high risk of HIV infection. Previous studies indicate 
that customized short message service (SMS) interventions could reduce high-risk behaviors that associated with 
HIV transmission. This study aims to evaluate the health and economic impacts of such interventions among MSM in 
China.

Methods A decision tree-Markov model was developed for a simulated cohort of 100,000 MSM of 20 years old. We 
assessed three intervention strategies: (1) routine strategy with standard health information; (2) SMS strategy with 
customized messages based on individual high-risk behaviors, with 50.1% efficacy and 50% coverage; (3) LEN-LA 
(lenacapavir long-acting) strategy as pre-exposure prophylaxis (PrEP), with 100% efficacy lasting for 0.5-year and 50% 
coverage. The study period was 45 years. Primary outcomes included the number of HIV infections and HIV-related 
deaths. The cost-effectiveness, cost-utility and cost-benefit analyses were conducted along with sensitivity analyses 
from the healthcare sector perspective.

Results The SMS strategy was more effective, averting 6,191 (22.0%) HIV infections and 2,100 (38.5%) HIV-related 
deaths when compared with routine strategy. The average cost-effectiveness ratios (ACERs) were US$6,361 (95% CI: 
5,959-6,613) per HIV infection averted and US$18,752 (95% CI: 17,274 − 20,530) per HIV-related death averted. It had 
incremental cost-effectiveness ratios (ICERs) of US$1,743 (95% CI: 1,673-1,799) per QALY, with a benefit cost ratio (BCR) 
of 1.98 (95% CI: 1.94–2.02), compared with routine strategy. While the LEN-LA strategy may be the most effective, its 
high cost, coupled with the highest ICER, currently presents a considerable obstacle to its widespread adoption. The 
ICERs were most affected by the probability of HIV infection, intervention cost and coverage.
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Introduction
Globally, HIV remains a major public health issue. In 
2023, an estimated 630,000 people died from HIV-related 
causes and an estimated 1.3 million people acquired HIV 
[1]. Men who have sex with men (MSM) are particularly 
vulnerable to HIV infection. They are affected by HIV 
at a notably high rate. In 2020, China reported approxi-
mately 81,000 newly diagnosed HIV-infected individu-
als, with MSM comprising 23.3% of these cases [2, 3]. 
Moreover, young MSM are also significantly more likely 
to engage in high-risk sexual behaviors [4]. Between 2006 
and 2015, 47.0% of MSM diagnosed with HIV were aged 
20 to 29 years old [5]. The number of HIV infections 
among Chinese university students increased by 35% 
annually from 2011 to 2015. In 2015, 82% of those diag-
nosed were infected through male-to-male sexual inter-
course [6]. Therefore, intervention methods among MSM 
are urgently needed to prevent the transmission of HIV.

In response to these vulnerabilities, recent interven-
tions utilizing cell phone and internet platforms to 
reduce risk behaviors have emerged [7]. There have been 
explorations around the world of HIV interventions 
targeting MSM. For example, in the US, one study con-
cluded that a video-based outpatient intervention effec-
tively reduced the incidence of HIV and other sexually 
transmitted infections [8]; another study conducted a 
web-based randomized controlled trial among 474 black 
MSM and found that the intervention could reduce the 
risk of condomless anal intercourse (CAI) compared with 
the control group [9]. Among other strategies, short mes-
sage service (SMS) have shown advantages in HIV pre-
vention, including convenience of delivering information 
directly and better reach individuals with sexual stigma 
[10]. Yun et al. conducted a 3-month mobile phone-based 
intervention with 192 MSM, which raised the condom 
use rate and lowered the number of sex partners in the 
intervention group [11]. Reback et al. designed a 9-month 
lasting SMS system that tailored to MSM and signifi-
cantly reduced their risk behaviors [12]. Furthermore, a 
study applying tailored messages conducted in India was 
able to statistically decrease CAI acts [13].

Pre-exposure prophylaxis (PrEP) is also an impor-
tant biomedical tool for preventing HIV transmission. 
On June 20, 2024, Gilead Sciences announced interim 
analysis results from a pivotal Phase 3 PURPOSE 1 trial, 
demonstrating that the company’s semiannual injectable 
HIV-1 capsid inhibitor, lenacapavir long-acting (LEN-
LA), showed 100% efficacy in preventing HIV among 

women [14]. Many interventions have been developed to 
evaluate the health and economic value in HIV preven-
tion. However, these interventions differ in their costs 
and effectiveness. Moreover, the health and economic 
benefits of long duration under the Chinese context has 
not been investigated previously.

In our previous study, a behavioral intervention based 
on customized SMS was developed. It was shown that the 
intervention was able to reduce the HIV-related high-risk 
behaviors among MSM in China during the intervention 
period, especially CAI [15]. Therefore, building on these 
results, this study aims at investigating the long-term 
value of the previous customized SMS strategy among a 
larger number of MSM in China. Findings on cost-effec-
tiveness can be useful in guiding policymakers’ allocation 
decisions.

Methods
Data source
The study utilized data from a previous study [15], litera-
ture and expert opinions. The research team conducted 
a randomized controlled trial with assistance from 
Kunshan Rainbow, a non-government organization in 
Kunshan, Jiangsu province. Participants were recruited 
through online, on-site, and outreach methods popular 
among MSM in China. Between May 2020 and March 
2021, 631 HIV-negative MSM were randomly assigned 
to SMS and control groups. They received four follow-
up visits in two years, completing questionnaires, rapid 
HIV, syphilis tests and sexually transmitted infections 
(STI) clinical examinations. High-risk behaviors were 
documented, and biweekly personalized interventions, 
including texts and pictures, were sent to the SMS group, 
adjusted based on behavior changes. Our modelling 
study was informed by data from this trial.

Model structure
The cohort size of 100,000 individuals is commonly 
applied in health economic modelling studies [16]. Thus, 
decision tree-Markov model was developed for a hypo-
thetical population of 100,000 HIV-negative MSM in 
China, using TreeAge Pro 2022 (TreeAge Inc, MA, USA). 
All participants were assumed to be 20 years old. HIV 
prevalence was not treated as a fixed value. Instead, we 
set an initial prevalence, which changed based on the 
strategies and the natural progression of the disease. Due 
to the chronic condition of HIV/AIDS, a lifetime horizon 

Conclusions SMS strategy for preventing HIV among MSM in China is cost-effective and could be a promising 
strategy for HIV prevention. These findings may have implications for public health policy and resource allocation in 
HIV prevention efforts targeting high-risk populations.
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was applied, assuming a total lifetime of 78 years [17]. 
The cycle period was defined as 1 year.

One study in China reported that 91.1% of the newly 
diagnosed HIV-infected MSM initiated antiretroviral 
therapy (ART) within 1 month and 97.3% of the diag-
nosed MSM within 6 months [18]. Thus, we assumed that 
the infected participants initiated ART shortly follow-
ing diagnosis of HIV infections. HIV-infected individu-
als were classified as “infected” and “on ART”. Infections 
were diagnosed through self-testing and partitioned 
according to CD4 cell count (CD4 ≥ 500 cells/mm3, 200–
499, <200). It was assumed that during one cycle, the 
CD4 states could only remain in original state, transfer to 
an adjacent state, or directly lead to death. Transitional 
probabilities among states were collected from literature. 
Transitional relationship between Markov states were 
shown in Fig. 1 and model parameters were described in 
Table 1.

Intervention strategies
Three different strategies were assessed: S1, Routine 
strategy: The routine strategy group (the control group) 
received routine health information, which refers to the 
health education provided to all MSM who came to Kun-
shan Rainbow for HIV testing and MSM who received 
health information from other public media; S2, SMS 
strategy: The SMS strategy group received tailored SMS 
information, with an coverage of 50% and protection 
rate of 50.1%. We assumed that CAI was the sole route 
of HIV infection. Therefore, the efficacy of the SMS 
strategy in protecting against HIV infection was based 

on the efficacy in guarding against CAI as reported in 
the previous study [15]. The impact of SMS interven-
tions often diminishes after half a year [7]. Accordingly, 
the SMS strategy was provided annually to deliver con-
sistent effects. In addition, in our previous study, cus-
tomized short messages also included texts and pictures 
designed to promote HIV self-testing after CAI. Plenty 
studies have also confirmed that SMS intervention is 
effective in raising the HIV testing rate [19–21]. As a 
result, we assumed that the SMS strategy also increased 
the HIV testing rate of MSM; S3, LEN-LA strategy: This 
group received LEN-LA strategy as PrEP. Based on the 
trial results of Gilead Sciences, we assumed the LEN-
LA would have an efficacy of 100% reduction in risk of 
HIV infection. In China, only less than 1% of the MSM 
have started taking PrEP [22]. To evaluate the impacts 
of LEN-LA, we consulted a modelling study focusing on 
MSM in China, and campaigns it every year with moder-
ate coverage of 50% in our model [23]; the structure of 
the decision tree-Markov model was shown in Figure S1. 
The strategies were assumed to have no disutility. The 
Chinese Center for Disease Control and Prevention sug-
gested that HIV surveillance age range for adult MSM 
should be 18–65 years [24]. For this reason, the duration 
of the SMS and LEN-LA strategy was set to be 45 years, 
covering the sexually active age of MSM to 65 years old 
[25]. After the intervention period, the probability of HIV 
infection was set to be 0 for all groups.

The main health outcomes investigated were HIV 
infections and HIV-related deaths prevented. Quality-
adjusted life year (QALY) was used as the health utility. 

Fig. 1 The transitional relationship between Markov states. Abbreviation: ART, antiretroviral treatment
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Table 1 Key model parameters and assumptions
Parameter Value Range Data Source
Population simulated
 Cohort size of MSM 100,000 - -
 Cohort age, mean 20 - [40]
Transmission probabilities
 Probability of HIV infection, % 0.60 0.20–1.80 [41]
 Protection of SMS strategy against HIV, % 50.10 26.40–66.20 [15]
 Coverage of SMS strategy, % 50.00 30.00–70.00 [11]
 Base HIV testing rate, % 38.00 33.00–46.00 [42]
 Improvement of HIV testing rate due to SMS strategy 1.66 1.34–2.02 Meta-analysis 

(Table S3)
 Efficacy of LEN-LA strategy against HIV, % 100.00 90.00-100 [43]
 Coverage of LEN-LA strategy, % 50.00 40.00–70.00 [43]
 CD4 decrease, undiagnosed
  CD4 ≥ 500, % per year 24.50 19.60–29.40 [44]
  CD4 200–499, % per year 55.00 44.00–55.00 [44]
 CD4 decrease, on ART
  CD4 ≥ 500, % per year 16.64 16.27–20.02 [45]
  CD4 200–499, % per year 17.80 17.45–22.10 [45]
 CD4 increase on ART
  CD4 200–499, % per year 61.13 44.25-63.00 [45]
  CD4 < 200, % per year 57.65 41.45–58.60 [45]
 HIV-related mortality, % per year
  Infected, CD4 ≥ 500 0.10 0.08–0.12 [46]
  Infected, CD4 200–499 0.70 0.69–0.73 [46]
  Infected, CD4 < 200 39.00 37.00-53.70 [16]
  On ART, CD4 ≥ 500 0.10 0.08–0.12 [46]
  On ART, CD4 200–499 0.50 0.43–0.55 [46]
  On ART, CD4 < 200 9.00 7.50–22.00 [16]
 Background mortality by age China population and 

employment statistics 
yearbook

- [29]

Annual cost
 SMS per MSM, $ 33.8 5.0–75.0 [15]
 LEN-LA per MSM, $ 42,250.0 21,125.0-63,375.0 [43]
 HIV self-testing, $ 9.8 4.9–19.6 [30]
 CD4 and viral load testing, $ 304.0 152.0-456.0 [30]
 Direct medical costs, $
  ART cost
   Infected 0 - -
   On ART 1,053.3 (Table S2) [47, 48] (Table S2)
  Non-ART medical costs, $
   Infected, CD4 < 200 3,199.2 2,169.8-5,239.7 [29]
   On ART, CD4 < 200 1,599.6 477.2-2,619.9 [29]
Utilities
 Infected, CD4 ≥ 500 0.910 0.888-1 [49]
 Infected, CD4 200–499 0.790 0.760–0.815 [49]
 Infected, CD4 < 200 0.720 0.680–0.760 [49]
 On ART, CD4 ≥ 500 0.865 0.845–0.888 [49]
 On ART, CD4 200–499 0.830 0.825–0.845 [49]
 On ART, CD4 < 200 0.820 0.815–0.825 [49]
Abbreviations: MSM, men who have sex with men; SMS, short message service; ART, antiretroviral therapy
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QALY represents the life year obtained by the model, 
multiplied by a specific utility value, expressed as QALY 
= ∑WY, where W is the utility value and Y is the length 
of life. The utilities are associated with CD4 states. A 
higher CD4 cell count corresponds to a lower likelihood 
of opportunistic infections or HIV-related diseases, thus 
a higher CD4 state has a higher utility value. However, 
when an HIV-positive individual with a high CD4 count 
(≥ 500) begins antiretroviral therapy, there is a decrease 
in utility. This decline can be attributed to the demand-
ing nature of the treatment, which incurs additional time 
and financial costs and involves social and psychological 
challenges that can diminish quality of life. For patients 
with high CD4 counts, these adverse effects may out-
weigh the benefits of the treatment. The utility value of 
1 was assigned to represent health, while a value of 0 was 
assigned to death.

Costs
The analysis was performed from the healthcare sec-
tor perspective, covering only direct medical costs. The 
annual cost of LEN-LA was US$42,250 [26]. The SMS 
strategy costs included texts sending fees, facility costs, 
incentives, office supplies, costs for HIV testing kits and 
postage fees, which were collected from administra-
tive records of previous study [15]. Labor costs for text 
platform operators were estimated according to Jiangsu 
Statistical Yearbook, 2023 [27]. The annual cost of offer-
ing the SMS strategy to one MSM was estimated to be 
$33.8 (Table S1). We assumed all MSM use tenofovir 
disoproxil + lamivudine + efavirenz (TDF + 3TC + EFV) 
or bictegravir/emtricitabine/tenofovir alafenamide (B/F/
TAF) as first line regimen and use zidovudine + lamivu-
dine + lopinavir/ritonavir (AZT + 3TC + LPV/r) as second 
line regimen for MSM experience first line treatment fail-
ure [28]. The annual cost of ART was calculated by:

 
C = C1A × (1 − PF 1A) × P + C1B × (1 − PF 1B)

× (1 − P ) + C2 × (PF 1A × P + PF 1B × (1 − P ))

where C represents the annual cost of ART; C1A repre-
sents the annual cost of first line ART regimen (B/F/
TAF); C1B represents the annual cost of another first line 
ART regimen (TDF + 3TC + EFV) (Table S2); P represents 
the usage proportion of B/F/TAF regimen. We assumed 
that 50% of MSM would use B/F/TAF and the remaining 
50% use TDF + 3TC + EFV as their first line ART regimen; 
PF1A represents the prevalence of HIV virological failure 
of TDF + 3TC + EFV regimen; PF1B represents the preva-
lence of HIV virological failure of B/F/TAF regimen; C2 
represents the annual cost of second line ART regimen 
(AZT + 3TC + LPV/r) (Table S2). Optimistic infections 
were considered for MSM whose CD4 < 200, resulting 
in extra treatment costs [29]. The diagnostic cost was 

US$9.8 [30]. All costs were converted to 2023 USD using 
the Chinese consumer price index (CPI) [31]. Costs and 
utilities were discounted at a 3% annual rate.

Cost-effectiveness and cost-benefit analyses
In our cost-utility analysis (CUA), we calculated aver-
age cost-effectiveness ratios (ACERs) which quantify the 
mean additional costs of screening for each additional 
HIV infection and HIV-related death. effective case. 
Incremental cost-effectiveness ratios (ICERs) were also 
calculated in cost-effectiveness analysis (CEA), which 
determined the extra expenditure per QALY gained. 
These measurements were used to assess whether the 
intervention was cost-effective. According to the World 
Health Organization’s criteria, interventions with an 
ICER less than the average Gross Domestic Prod-
uct (GDP) per capita for a given country or region are 
deemed cost-effective. In this study, the willingness-to-
pay (WTP) threshold for determining cost-effectiveness 
was set at US$12,675, reflecting the GDP of China in 
2023.

We also conducted a cost-benefit analysis (CBA) to 
evaluate the economic outcomes and attractiveness of 
the proposed strategy. This involved calculating key 
financial metrics such as the benefit, net monetary ben-
efit (NMB), and benefit-to-cost ratio (BCR). Concrete 
valuations were assigned to these benefits, reflecting both 
treatment cost reductions and the monetized value of 
averted QALYs. The NMB was determined by subtracting 
the increased intervention costs from the accrued ben-
efits. To calculate the BCR, the projected benefits were 
divided by the projected costs.

Sensitivity analysis
The one-way sensitivity analyses were conducted to cap-
ture the uncertainties in input variables and verify the 
robustness of the results. Tornado diagrams were pre-
sented to illustrate the 10 variables with the most impact. 
A probabilistic sensitivity analysis (PSA) using Monte 
Carlo simulations was also conducted to test model 
uncertainty and calculate 95% confidence interval (CI). 
We ran 1,000 iterations using Monte Carlo simulations, 
in which each parameter was randomly selected from its 
distribution, and the results were presented in the form 
of the cost-effectiveness acceptability curve (CEAC) and 
scatter plot.

Results
Health impact
During the lifetime period of 78 years, our model esti-
mated that 28,124 (95% CI: 27,845 − 28,403) of the 
100,000 MSM were infected in the control group, 5,459 
(95% CI: 5,319-5,602) of which died from HIV. In the 
SMS strategy group, the number of HIV infections was 
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21,933 (95% CI: 21,677 − 22,191), and 3,359 (95% CI: 
3,248-3,473) died from HIV. Further, the estimated infec-
tions and HIV-related deaths in LEN-LA group were 
12,339 (95% CI: 12,136 − 12,544) and 2,892 (95% CI: 
2,789-2,998), respectively (Table  2). Accordingly, com-
pared with routine strategy, the SMS strategy was able 
to prevent 6,191 (95% CI: 6,042 − 6,342) HIV infections 
(25.0% reduction) and 2,100 (95% CI: 2,012 − 2,191) HIV-
related deaths (38.5% reduction). The LEN-LA strategy 
achieved the best health outcomes, which could prevent 
15,785 (95% CI: 15,560 − 16,012) HIV infections (56.1%) 
and 2,567 (95% CI: 2,470-2,667) HIV-related deaths 
(47.02%). The number needed to treat (NNT) represents 
the average number of individuals who need to be inter-
vened to prevent 1 HIV infection or HIV-related death. 
Compared with routine strategy, the NNT for the SMS 
strategy to prevent 1 additional HIV infection was 17, 
and to prevent 1 additional HIV-related death was 48.

Cost-effectiveness and cost-benefit
The SMS strategy was identified as the most cost-effective 
strategy. The ACERs indicated that the SMS strategy cost 
US$6,361 (95% CI: 5,959-6,613) to prevent an additional 
HIV infection and US$18,752 (95% CI: 17,274 − 20,530) 
to avert an additional HIV-related death compared with 
routine strategy. The LEN-LA strategy, compared with 
routine strategy, saved 31,745 (95% CI: 31,104 − 32,476) 
more QALYs at an additional cost of US$109,499.80 mil-
lion (95% CI: 107,704.81  million-111,133.83  million), 
resulting in an ICER of US$3,449,987 (95% CI: 3,363,757-
3,557,755) per QALY gained, which exceeded the WTP 
threshold of $12,675, the GDP per capita in 2023, sug-
gesting that the strategy was not cost-effective. The nota-
bly high cost of LEN-LA was the reason for this outcome 
(Table  2). In contrast, the SMS strategy led to an ICER 
of US$1,743 (95% CI: 1,673-1,799) per QALY compared 
with routine strategy, indicating that it was the most cost-
effective strategy (Table 2).

CBA was performed to enable more comprehensive 
decision making. Compared with routine strategy, the 

Table 2 Cost and economic analyses of the SMS and LEN-LA strategy
Routine SMS LEN-LA

Total HIV infection 28,124 (27,845–28,403) 21,933 (21,677–22,191) 12,339 (12,136–12,544)
HIV-related deaths 5,459 (5,319–5,602) 3,359 (3,248–3,473) 2,892 (2,789–2,998)
QALYs 2,569,209 

(2,567,706–2,570,693)
2,591,805 (2,591,464–2,592,278) 2,600,954 (2,600,315–2,601,724)

C (total cost), US$ million 367.08 (362.26-371.86) 406.46 (402.11-411.41) 109,886.88 (108,040.45-111,402.01)
 CIntervention 0 109.15 (109.10-109.19) 109,694.93 (107,814.46-111,081.73)
 CART−treatment 367.08 (362.26-371.86) 297.31 (292.87-302.73) 191.95 (184.90-199.73)

SMS vs. Routine LEN-LA vs. Routine LEN-LA vs. SMS
Intermediate outcomes
 ΔC (incremental cost), US$ million 39.38 (36.89–40.93) 109,499.80 (107,704.81-111,133.83) 109,480.42 (108,139.42-110,995.77)
  ΔCIntervention 109.15 (106.19-111.02) 109,694.93 (107,759.96-111,227.80) 109,585.78 (107,801.03-111,108.61)
  ΔCART−treatment 69.77 (67.63–71.47) 175.13 (170.59-178.98) 105.36 (76.94-138.81)
 ΔE (QALYs averted) 22,596 (22,217–22,939) 31,745 (31,104–32,476) 9,149 (8,804–9,511)
 ΔInfection 6,191 (6,042–6,342) 15,785 (15,560–16,012) 9,594 (9,412–9,778)
 ΔDeaths 2,100 (2,012–2,191) 2,567 (2,470–2,667) 467 (426–511)
Cost-effectiveness analysis (CEA)
 ACER, US$/infection 6,361

(5,959–6,613)
6.95 million
(6.82 million-7.04 million)

11.41 million
(11.28 million-11.56 million)

 ACER, US$/death 18,752
(17,274–20,530)

42.62 million
(41.67 million-43.61 million)

234.43 million
(231.56 million-237.73 million)

Cost-utility analysis (CUA)
 ICER (ΔC/ΔE), US$/QALY 1,743 (1,673–1,799) 3,449,987 (3,363,757–3,557,755) 11,967,321 (11,434,873–12,608,953)
Cost-benefit analysis (CBA)
 ΔB (ΔCART−treatment + λΔEa), US$ million 216.63 (211.83-220.99) 577.50 (562.76-586.13) 226.96 (222.54-231.55)
 NMB (ΔB –ΔCIntervention), US$ million 107.48 (102.68-111.61) -108,922.34 (-108,931.47 to 

-108,911.40)
-109,812.74 (-109,817.19 to 
-109,806.76)

 BCR (ΔB/ ΔCIntervention) 1.98 (1.94–2.02) 0.0053 (0.0052–0.0054) 0.0021 (0.0019–0.0022)
Note: 95% confidence intervals are in parentheses
aThe λΔE represented the monetized averted QALY benefit, with λ meaning the threshold of willingness-to-pay (WTP) set at 1 × national per capita gross domestic 
product (pGDP) of US$12,675

Abbreviations: QALYs, quality-adjusted life-years; ACER, average cost-effectiveness ratio; ICER, incremental cost effectiveness ratio; NMB, net monetary benefit; BCR, 
benefit-cost ratio
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SMS strategy gained 22,596 (95% CI: 22,217 − 22,939) 
additional QALYs, with benefits and net benefits of 
US$216.63  million (95% CI: 211.83-220.99  million) and 
US$107.48  million (95% CI: 102.68-111.61  million), 
respectively. The BCR for the SMS strategy was 1.98 (95% 
CI: 1.94–2.02) compared with routine strategy, at a WTP 
threshold of $12,675 (Table 2).

Sensitivity analyses
To evaluate how variations in the input variables might 
influence the projected results, sensitivity analyses were 
performed. Model uncertainty from the one-way sensitiv-
ity analysis was summarized in tornado diagrams, apply-
ing 10 variables that influence ICERs the most (Fig.  2). 
The one-way sensitivity analysis revealed that the vari-
ables most significantly associated with the ICER (SMS 
vs. routine) included the probability of HIV infection, the 
per capita price of the SMS strategy and proportion of 
MSM using B/F/TAF regimen. During the one-way sen-
sitivity analysis, the ICER remained lower than GDP per 

capita of China. Compared with routine strategy, LEN-
LA was not cost-effective. While the coverage of LEN-LA 
changed from 40 to 70%, the ICERs associated with this 
increase were US$4,304,983 per QALY and US$2,473,116 
per QALY gained. In the probabilistic sensitivity analysis, 
the results with 1,000 iterations were presented in Fig. 3. 
The cost-effectiveness acceptability curves showed how 
preferable a strategy is as the WTP increased. Consider-
ing a WTP of China’s GDP per capita (US$ 12,675), the 
SMS strategy had a 100% probability of being cost-effec-
tive. We also adopted a reduced WTP threshold, setting 
the WTP threshold at 0.63 times the national GDP per 
capita, considering the trade-offs with other health needs 
[32]. When this threshold was applied, the SMS strategy 
also remained the best strategy with 97.1% probability 
of being cost-effective. Therefore, we could consider the 
SMS strategy to be the most cost-effective option.

Fig. 2 Tornado diagrams of one-way sensitivity analyses applying 10 most influential factors. (A) One-way sensitivity analysis (SMS vs. routine); (B) One-
way sensitivity analysis (LEN-LA vs. routine); (C) One-way sensitivity analysis (SMS vs. LEN-LA). Abbreviations: SMS, short message service; MSM, men who 
have sex with men; B/F/TAF, bictegravir/emtricitabine/tenofovir alafenamide; ART, antiretroviral treatment; LEN-LA, lenacapavir long-acting
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Discussion
The high risk of infection suggests MSM is a key target 
population for HIV prevention. Various interventions for 
MSM have demonstrated their effectiveness and ability to 
prevent HIV. Mobile phone-based customized messages, 
which can be personalized to meet the specific needs of 
different individuals, are more effective than non-tailored 
messages and more acceptable than facility-based inter-
ventions. We hope that the study’s results will benefit 
research and policy-making efforts on HIV prevention.

Principal findings
The principal findings of this study indicated that the 
SMS strategy could prevent a similar number of HIV 
infections and deaths as LEN-LA compared with routine 
strategy, but at a significantly lower cost. Consequently, 
the SMS strategy demonstrated the most favorable health 
outcomes. Cost-effectiveness analyses suggested that 
the SMS strategy was more effective and cost-effective 
than LEN-LA and the routine strategy. Notably, the SMS 
strategy was considered cost-effective compared with 
the LEN-LA strategy. The high price of the LEN-LA 
limits its use. According to one-way sensitivity analysis, 
the only condition under which the LEN-LA strategy is 
cost-effective is that the annual cost per MSM is below 
US$155.64. The CBA further demonstrated that the 
SMS strategy yielded more QALYs without a substantial 
increase in cost, resulting in a higher BCR, underscoring 

its economic advantage over LEN-LA. Therefore, the 
customized SMS strategy emerges as the most effective 
and economical method, offering health benefits and sav-
ing costs.

Comparison with other studies
Some other primary prevention strategies for HIV were 
cost-effective, including a daily used PrEP prevention 
(US$ 12,176) [33], a community-level HIV risk reduc-
tion intervention for women (US$ 65,000) [34], an HIV 
screening strategy (US$ 22,382) [35] and. Some app-
based intervention methods achieved results close to 
ours. A pre-post trial provided a smartphone app called 
“HealthMindr” for MSM, who used the app for compre-
hensive HIV prevention services, including HIV testing 
and condom use, lead to a high rate of preventive com-
modities usage [36]. Zhu et al. built a WeChat group to 
provide app-based messages and referrals to health ser-
vices related to HIV. The HIV testing rate was signifi-
cantly increased in the intervention group compared to 
the control group [21]. The reason why the results of 
our customized SMS strategy showed certain effective-
ness and cost-effectiveness may be attributed to signifi-
cant differences in HIV risk behavior across subgroups of 
MSM population, and the emphasis on the use of health 
resources. In our study, participants were recruited by 
volunteers through methods including online publicity 
and peer promotion, which made it easier to reach the 

Fig. 3 (A) Incremental cost-effectiveness scatterplot (SMS vs. routine). (B) Cost-effectiveness acceptability curve of 1,000 iterations of Monte Carlo simu-
lation. The dashed lines show the willingness-to-pay threshold of 1 × and 0.63 × national per capita gross domestic product. Abbreviations: SMS, short 
message service; WTP, willingness-to-pay; QALY, quality-adjusted life-years; GDP, gross domestic product
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“hidden” MSM populations, resulting in more accurate 
use of health resources. Compared with facility-based 
interventions, internet and mobile phone-based inter-
ventions are much less costly and easier to deliver health 
information, which might contribute to the economic 
results observed in our study. On the other hand, one 
study performed a one-year cost-effectiveness analysis of 
text message intervention in China, which indicated that 
the intervention was cost-effective [37]; another hypo-
thetical modelling study in Brazil showed that a 20-year 
text strategy to improve adherence of HIV patients 
to ART was cost-saving compared with current strat-
egy [38]. Our study further explored the effect of long-
term SMS strategy in HIV primary prevention within a 
broader context and over a lifetime horizon.

Strength and limitations
The assessment boasts several notable strengths. Firstly, 
it utilizes real-world data derived from a local RCT study 
to model the health impact of the SMS strategy, result-
ing in more grounded simulations for the long-term 
health outcomes. Additionally, it employs reliable result 
evaluation methods to verify the advantages of the pro-
posed screening approach. Secondly, the study’s use of a 
decision-tree Markov model to project health outcomes, 
such as HIV infections, deaths, and QALYs, over a life-
time horizon is a significant strength. To the best of our 
knowledge, this is the first simulated modeling study to 
assess the lifetime health and economic impacts of a cus-
tomized SMS strategy among MSM in China. Secondly, 
the study utilizes extensive sensitivity analyses with vary-
ing distributions rather than fixed figures to ensure the 
reliability of its conclusions. It also makes comparisons 
with other studies to verify the rationality of the model.

Nonetheless, a few limitations should be noted. First, 
as with all mathematical models, the risk-equation model 
was a simplification of reality. The assumption that MSM 
would complete the 45-year-long SMS strategy or LEN-
LA was optimistic. The adherence may change over time 
due to reasons including strategy fatigue. Second, our 
model faces difficulties in capturing real-world com-
plexities, such as the actual effectiveness of lenacapavir 
used as PrEP and varying mortality rates among MSM. 
Third, price discrepancies within China’s national health 
insurance system limit the broader applicability of our 
findings. Last, the differentiation within the MSM popu-
lation based on detectable and undetectable viral loads 
was not acknowledged due to the lack of relevant data. 
Implementation of treatment and prevention strate-
gies, including progress toward the 95-95-95 targets, 
can significantly influence the HIV epidemic, which also 
aligns with the “Undetectable = Untransmittable” (U = U) 
concept.

Policy implications
Based on the findings of the study, several policy implica-
tions can be identified. Given that the SMS strategy has 
been demonstrated to be both cost-effective and highly 
beneficial in preventing HIV transmission, it could be a 
valuable addition to national HIV prevention programs. 
Policymakers should consider integrating SMS-based 
interventions into existing HIV prevention frameworks, 
especially as they are cost-efficient and scalable. The fact 
that the SMS strategy is more cost-saving compared with 
LEN-LA suggests that behavioral interventions should be 
prioritized in resource-limited settings, where the cost 
of biomedical interventions like PrEP can be prohibi-
tive. Despite its efficacy, the high cost of LEN-LA high-
lights the need for a more balanced approach to HIV 
prevention, incorporating both biomedical and behav-
ioral strategies. Furthermore, the latest machine learn-
ing techniques have been used to assess HIV infection 
risk [39]. Expanding access to HIV testing, as facilitated 
by the SMS strategy, could play a key role in HIV early 
detection, treatment and risk prediction, which are cru-
cial for improving health outcomes among MSM. Given 
the rapid rise in HIV cases among young MSM in China 
[6], these findings underscore the importance of early, 
targeted interventions to curb the spread of HIV within 
this high-risk group.

Conclusions
Our study demonstrates that the customized short mes-
sage service-based intervention to prevent HIV infection 
among MSM is cost-effective. In China, the customized 
SMS strategy could be a promising strategy for HIV pre-
vention, which informs both public health policymakers 
in their decisions about selecting and recommending 
intervention measures, especially given the currently low 
coverage of PrEP in China. These findings may also help 
in the exploration of innovative HIV intervention strate-
gies to more effectively allocate resources to the preven-
tion of HIV among MSM.
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