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Abstract
HIV transmission in Ukraine is driven in part by unsafe injection drug use and sexual risk behaviors among people who inject 
drugs. We performed a random-intercept latent transition analysis on responses to 9 binary injection drug use and sexual 
behavior items from 1195 people who inject drugs with negative HIV status enrolled in a clustered randomized clinical trial of 
a social network intervention in Odessa, Donetsk, and Nikolayev, Ukraine. We identified 5 baseline classes: “Social injection/
equipment-sharing” (11.7%), “Social injection” (25.9%), “High-risk collective preparation/splitting” (17.0%), “Collective 
preparation/splitting” (11.3%), and “Dealer-facilitated injection” (34.1%). After 12 months, intervention participants were 
more likely to transition to the “Collective preparation/splitting” class, which featured the fewest risk behaviors. Transition-
ing from the “Collective preparation/splitting” to the “Social injection/equipment-sharing” class was associated with HIV 
acquisition for control participants. Research to illuminate the stability of these patterns and how they may benefit from 
uniquely tailored programming to reduce unsafe behaviors is needed.
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Introduction

There are an estimated 16 million people who inject drugs 
(PWID) across 179 countries and territories worldwide 
[1]. Injection drug use (IDU) behaviors can facilitate 
exposure to blood-borne infections through the sharing 
of unsterile injection drug equipment [2, 3]. In 2013, over 
10 million disability-adjusted life years were attribut-
able to IDU via exposure to HIV and hepatitis-B and C 
viruses [4]. Condomless sex between PWID exacerbates 
the spread of these infections in this population, while 
condomless sex between PWID and people who do not 
inject drugs contributes to the spread of these infections 
to non-injecting populations [5, 6].

Intertwining IDU and sexual behaviors such as these 
undergird risk for HIV in Ukraine, a former Soviet repub-
lic in Eastern Europe with a PWID-population of roughly 
350,000 [7]. Ukraine has the second-highest HIV inci-
dence rate (39.0/100,000 in 2019) among the 53 coun-
tries comprising the WHO European Region [8]. War with 
neighboring Russia, which has the highest HIV incidence 
rate in the WHO European Region, undermines HIV pre-
vention efforts, further exacerbating HIV transmission risk 
[9]. Ukraine’s HIV epidemic, initially driven by unsafe 
injection behaviors, is now driven by condomless hetero-
sexual sex [10, 11], though this is believed to involve sex 
predominantly between PWID and those who do not inject 
drugs [12].

Social network interventions have been effective in 
reducing unsafe IDU and sexual risk behaviors among 
PWID in Ukraine and elsewhere [3, 13–23]. One inter-
vention recently tested in Ukraine trained PWID to influ-
ence the injection and sexual practices of their injection 
network members [24]. While this trial found reduced 
hazard for HIV acquisition among intervention partici-
pants, HIV incidence was high in both groups, indicating 
the intervention was successful in reducing risk behavior 
among some but not all those exposed to it [24]. However, 
further investigation to assess risk behavior-reduction was 
not conducted and merits investigation.

Various IDU behaviors (e.g., injection with used nee-
dles; injection with collectively prepared solution or solu-
tion that was split with other PWID) increase HIV trans-
mission risk, and PWID engage in distinct sets of these 
behaviors [25–27]. Prior studies in the United States (US) 
and Middle East have found three to four patterns of IDU 
behaviors (or IDU and sexual risk behaviors) among local 
PWID populations, with various equipment-sharing, social 
injection, and sexual behaviors emerging in distinct clus-
ters [25–27]. Further, one US trial that tested an interven-
tion found it to be effective in reducing risk in only one 
out of four emergent IDU patterns [25]. Likewise, distinct 

patterns of IDU and sexual risk behaviors that are differen-
tially amenable to change in response to intervention may 
exist among PWID in the Ukraine trial.

This possibility warrants investigation but necessitates 
an alternative to traditional regression approaches, which 
provide effect estimates averaged over all participants, mask-
ing heterogeneity in risk behaviors that is of interest here. 
Latent transition analysis (LTA) can serve this purpose. LTA 
is a longitudinal extension of latent class analysis, a person-
centered analytic approach that categorizes individuals into 
subgroups, or classes, using an unknown, or latent, group-
ing variable determined by responses to a set of indicators 
[28]. LTA allows for examination of how membership in 
the identified classes changes over time [29, 30]. The pri-
mary purpose of the present study was to re-analyze data 
from the previously described Ukraine trial to understand 
how the intervention differentially impacted distinct sub-
groups of participants. Specifically, we aimed to identify 
patterns of IDU behaviors and condomless sex, assess the 
extent to which these patterns changed over time in response 
to intervention, and compare HIV seroprevalence across 
groups post-intervention. Given that prior, similar research 
revealed three to four behavioral patterns [25] and that our 
study includes a larger sample and larger number of exam-
ined risk behaviors, we expected at least five behavioral pat-
terns to emerge.

Though it is possible that the epidemiologic context of 
IDU and HIV in Ukraine has changed in the nearly 10 years 
since data collection ended for the Ukraine trial, the perti-
nence of understanding intervention efficacy on risk behav-
ior-reduction to inform future HIV prevention efforts has 
not. Moreover, evaluating such data from multiple analytic 
and other perspectives (the lack of which remains a short-
coming in the broader intervention literature) is critical 
given how labor- and resource-intensive implementing inter-
vention trials is. Furthermore, findings here may be relevant 
not only for the present Ukrainian context, but for broader 
Eastern European and other nearby contexts as well.

Methods

Data Source, Participants, and Procedures

Data for this secondary analysis come from a clustered 
randomized clinical trial of a social network intervention 
among PWID in Odessa, Donetsk, and Nikolayev, Ukraine 
(NCT01159704, ClinicalTrial.gov). Detailed methods have 
been described elsewhere [24]. Briefly, index participants 
were recruited from the streets of the aforementioned cities 
by outreach workers from non-governmental organizations. 
Eligibility criteria included being ≥ 16 years, self-reported 
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drug injection in the past 30 days (verified by signs of recent 
venipuncture), willingness to participate in interviews and 
HIV testing, ability to provide informed consent, and will-
ingness to recruit two members of one’s injection network 
for participation in the study. Network members recruited 
by index participants also had to meet these eligibility cri-
teria. Recruitment occurred between July 2010 and Novem-
ber 2012, and informed consent was obtained from all 
participants.

Participants in the control and intervention arms received 
Ukraine’s standard of care HIV testing and counseling (an 
updated version of the Counseling and Education model 
developed during the National Institute on Drug Abuse’s 
cooperative agreement). Index participants in the interven-
tion arm also received the social network intervention based 
on SHIELD (Self-Help in Eliminating Life-Threatening 
Diseases), in which they attended five small-group sessions 
over two weeks to be trained as peer leaders to influence 
their injection network members’ injection drug and sexual 
behaviors [21, 31, 32]. All participants were interviewed and 
HIV tested at baseline (prior to randomization), 6 months, 
and 12 months. Data from only those who tested negative 
for HIV at baseline were examined (N = 1200). As this was 
a secondary analysis of de-identified data, this study was 
not characterized as human subjects research and therefore 
not subject to full review by the San Diego State University 
institutional review board.

Measures

Latent Class Indicators

At each timepoint, ten yes/no items assessed lifetime 
engagement in selected IDU behaviors, and those who 
responded affirmatively were asked to indicate the number 
of times they had engaged in each IDU behavior in the past 
30 days, which served as the basis for the latent class indi-
cators. These behaviors included injecting with a syringe 
that was filled by one’s drug dealer; injecting with collec-
tively prepared drug solution; injecting with drug solution 
drawn from a common container; splitting drug solution 
with others; injecting with used needles/syringes; prepar-
ing drug solution with a used cooker, used cotton, or used 
rinse water (each separately assessed); injecting with solu-
tion obtained from a preloaded syringe; and injecting with 
found needles/syringes. Recall period for each indicator was 
30 days. Injecting with found needles and injecting with 
solution obtained from a preloaded syringe were excluded 
due to low endorsement. The remaining eight IDU behav-
iors were dichotomized by collapsing all responses > 0 and 
coding them 1, for engagement in a given behavior in the 
past 30 days, and 0, for non-engagement. Regarding sexual 
behaviors, participants who reported no vaginal or anal sex, 

and participants who reported using condoms for all vaginal 
and/or anal sex episodes, were coded 0, as having engaged in 
no condomless sex in the previous 30 days. Participants who 
reported any condomless sex in the previous 30 days were 
coded 1. Combined with the IDU behaviors, this totaled nine 
dichotomous latent class indicators. We included condom-
less sex with the IDU indicators because the intervention tar-
geted both sets of behaviors, each of which carries high risk 
for transmitting HIV, particularly among PWID [10–12].

Other Variables

Exposure to the intervention was the main predictor of inter-
est of class transitions. HIV seroprevalence was calculated 
as the proportion of participants who had tested positive 
for HIV after 12 months (versus HIV-negative or unknown 
status). Baseline sociodemographic variables included age 
(continuous and dichotomized at median), education (high 
school or less versus post-high school), nationality (Ukrain-
ian, Russian, or other; for regression, dichotomized as 
Ukrainian versus non-Ukrainian due to small values), rela-
tionship status (partnered versus single), sexual orientation 
(heterosexual versus not), employment status (unemployed 
versus not), site (Odesa [reference because largest proportion 
of sample came from there], Donetsk, and Mykolaiv), and 
injection frequency (daily versus not).

Analysis

Descriptive statistics were calculated for sociodemographic 
characteristics, latent class indicators, and HIV seropreva-
lence, after which a random intercept-latent transition analy-
sis (RI-LTA) was performed. The random intercept for each 
indicator, which varied across individuals but remained 
constant over time, accounted for time being nested within 
individuals [33, 34].

Latent Class Enumeration

RI-LTA with full maximum likelihood estimation and 
robust standard errors was performed on models with two 
through seven latent classes and a first-order autoregres-
sive component to examine the clustering and transition of 
IDU and sexual risk behaviors pre- (baseline, visit 1) and 
post-intervention (12 months, visit 3). Transitions to and 
from the midpoint (6 months, visit 2) were not examined, as 
the primary interest was comparing change pre- and post-
intervention. Bayesian Information Criterion (BIC), entropy 
statistic of class delineation, model characteristics (e.g., 
baseline class prevalence, lowest average latent class prob-
ability of latent class membership), parsimony, substantive 
composition of classes, and scientific interpretation were 
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used for model selection [28, 33, 34]. A full maximum like-
lihood estimator was used to handle missing data [35, 36].

Latent Class Transitions

Measurement invariance over time was tested using the 
Satorra-Bentler chi-squared difference test. Indicators that 
varied over time were freely estimated one-by-one, and 
the overall model was re-estimated. After fixing the latent 
classes of the final model to prevent major shifts in class 
structure via auxiliary modeling procedures [37], a variable 
representing the intervention was added to determine its 
effect (via odds ratio) on class transitions. The same pro-
cedure was followed to determine the association (also via 
odds ratio) between class transition and HIV acquisition 
(using the HIV seroprevalence variable) while controlling 
for the intervention effect. We were interested in the extent 
to which transitioning to a given class was associated with 
testing positive for HIV at 12 months.

Distal Outcome

Using a modified version of the manual Bolck, Croon, and 
Hagenaars method [37], weights accounting for measure-
ment error taken from the original RI-LTA were incorpo-
rated into a model that included HIV seroprevalence as a 
distal outcome. Modeling HIV seroprevalence as a distal 
outcome within the RI-LTA framework would reveal both 
the proportion of participants who had newly tested positive 
for HIV and the differences in HIV seroprevalence across 
(with a Wald test) and between (with z-tests) classes as of 
final class membership (i.e., within each class) at 12 months. 
Descriptive statistics were calculated in Stata version 15 
[38], and RI-LTA was performed in Mplus version 8.6 [39].

Results

Sample Characteristics

Five network participants did not belong to any index partic-
ipant’s network and were excluded, leaving 1,195 for analy-
sis. Comparable proportions of participants were recruited 
in each site. Median age was 30 years, and three in four par-
ticipants were men and were Ukrainian. Over three quarters 
had high school education or less, and over 40% were unem-
ployed. Less than 2% were sexual minorities, and roughly 
one in three were partnered. Over 40% injected drugs daily 
(Table 1). After 12 months, 260 participants (21.8%) across 
both arms had tested positive for HIV; 837 (70.0%) tested 
negative, and 98 (8.2%) were unknown.

At baseline and 12 months, roughly two thirds of par-
ticipants had used a dealer-filled syringe, over 60% had 

injected collectively prepared solution, over one third 
had drawn solution from a common container, nearly 
three fourths had split solution with others, one in nine 
had injected with a used needle/syringe, and roughly one 
in four had prepared solution with a used cooker. The 
remaining indicators demonstrated more variability: pre-
paring solution with used cotton, 16.7% at baseline and 
28.3% at 12 months; preparing solution with used rinse 
water, 13.6% at baseline and 22.3% at 12 months; and 
having condomless sex, 41.9% at baseline and 29.5% at 
12 months (Table 2). Missingness of the indicators was 
5.5% at 12 months, associated with non-Ukrainian nation-
ality, and equally distributed across arms.

Table 1  Baseline sociodemographic and other characteristics of 
PWID in Ukraine (N = 1195)

PWID people who inject drugs; IQR interquartile range
Note: gender was defined as male or female in the data collection 
instrument

Overall/total

Site, n (%)
 Odesa 421 (35.2)
 Mykolaiv 411 (34.4)
 Donetsk 363 (30.4)

Age in years, median (IQR) 30 (25–37)
Dichotomous age, n (%)
 > 30 years 556 (46.5)
 ≤ 30 years 639 (53.5)

Gender, n (%)
 Male 894 (74.8)
 Female 301 (25.2)

Nationality, n (%)
 Ukrainian 900 (75.3)
 Russian 258 (21.6)
 Other 37 (3.1)

Education, n (%)
 ≤ High school 940 (78.7)
 > High school 255 (21.3)

Unemployed, n (%)
 No 702 (58.7)
 Yes 493 (41.3)

Sexual orientation, n (%)
 Heterosexual 1,174 (98.2)
 Gay/lesbian, bisexual 20 (1.7)
 Missing 1 (0.1)

Relationship status, n (%)
 Single 804 (67.3)
 Partnered 390 (32.6)
 Unknown 1 (0.1)

Injects daily, n (%)
 No 676 (56.6)
 Yes 519 (43.4)
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Model Selection

Because the BIC began increasing with the seven-class 
model, eight- and nine-class models were not examined. 
Comparison of fit indices indicated the six-class model as 
the best-fitting, as it had the lowest BIC, though this BIC was 
only slightly lower than that of the five-class model. Overall 
entropy was adequate for all models. However, timepoint-
specific entropy and lowest average latent class probability 
for most likely latent class membership were adequate for all 
models except the six-class model. Baseline class sizes were 
acceptable across all models (Table 3). Five- and six-class 

models featured a class with a moderate probability of IDU 
with used needles/syringes. As IDU with used needles car-
ries one of the highest probabilities for HIV transmission 
[40], documenting such a class was of great importance. The 
additional class in the six-class model was not substantively 
distinct from classes in the five-class model to warrant its 
selection. Taken together, we selected the more parsimoni-
ous five-class model (Fig. 1).

Measurement invariance testing indicated that having 
injected with used rinse water (χ2[5] = 30.05, p < 0.001), 
with collectively prepared solution (χ2[5] = 18.84, 
p < 0.001), with solution drawn from a common container 

Table 2  Past 30-day 
endorsement of injection drug 
use and sexual risk behaviors 
among PWID in Ukraine 
(N = 1195)

PWID people who inject drugs

At baseline, n (%) At 12 months, n (%)

Used dealer-filled syringe
 No 434 (36.3) 348 (29.1)
 Yes 760 (63.6) 783 (65.5)
 Missing 1 (0.1) 64 (5.4)

Injected collectively prepared solution
 No 471 (39.4) 411 (34.4)
 Yes 724 (60.6) 720 (60.3)
 Missing 0 (0.0) 64 (5.4)

Drew solution from common container
 No 732 (61.3) 705 (59.0)
 Yes 462 (38.7) 426 (35.6)
 Missing 1 (0.1) 64 (5.4)

Split solution with others
 No 332 (27.8) 292 (24.4)
 Yes 863 (72.2) 839 (70.2)
 Missing 0 (0.0) 64 (5.4)

Injected with a used needle/syringe
 No 1,054 (88.2) 997 (83.4)
 Yes 141 (11.8) 134 (11.2)
 Missing 0 (0.0) 64 (5.4)

Prepared solution with used cooker
 No 909 (76.1) 784 (65.6)
 Yes 285 (23.8) 347 (29.0)
 Missing 1 (0.1) 64 (5.4)

Prepared solution with used cotton
 No 994 (83.2) 792 (66.3)
 Yes 200 (16.7) 338 (28.3)
 Missing 1 (0.1) 65 (5.4)

Prepared solution with used rinse water
 No 1,031 (86.3) 864 (72.3)
 Yes 163 (13.6) 267 (22.3)
 Missing 1 (0.1) 64 (5.4)

Had any condomless anal or vaginal sex
 No 682 (57.1) 778 (65.1)
 Yes 501 (41.9) 352 (29.5)
 Missing 12 (1.0) 65 (5.4)
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(χ2[5] = 162.86, p < 0.001), and having had condomless sex 
(χ2[5] = 33.84, p < 0.001) varied over time. Freely estimat-
ing these indicators did not resolve the issue or improve fit. 
However, freeing them in select classes did improve fit over 
the fully invariant model, but only slightly (17,661.67 ver-
sus 17,683.26). Judging this marginal improvement to be 
not worth the added complexity of adding more parameters 
to the model to be estimated, we proceeded with the fully 
invariant model but performed a sensitivity analysis with the 
partially invariant model.

Class Enumeration

Class 1, “Social injection/equipment-sharing” (baseline 
prevalence: 11.7%), featured moderate to high probabili-
ties (0.67–1.00) of 7/8 IDU behaviors and a low probability 

(0.16) of condomless sex. Class 2, “Social injection” 
(25.9%), featured moderate to high probabilities (0.43–0.91) 
of 5/8, mostly non-equipment-sharing behaviors and a mod-
erate probability (0.43) of condomless sex. Class 3, “High-
risk collective preparation/splitting” (17.0%), featured mod-
erate to high probabilities (0.40–1.00) of 4/8 IDU behaviors, 
including injecting with used needles/syringes (0.40; high-
est across classes), and a moderate probability of condom-
less sex (0.57; highest across classes). Class 4, “Collective 
preparation/splitting” (11.3%), featured high probabilities 
(0.94–0.99) of 2/8 IDU behaviors. Class 5, “Dealer-facil-
itated injection” (34.1%), featured moderate to high prob-
abilities (0.39–0.78) of 2/9 IDU behaviors and a moderate 
probability (0.38) of condomless sex (Fig. 1).

Participants in the “Dealer-facilitated injection” class 
were the reference for all baseline comparisons. Participants 

Table 3  Fit statistics and 
model characteristics for two 
through seven latent classes of 
injection drug use and sexual 
risk behaviors among PWID in 
Ukraine (N = 1195)

PWID people who inject drugs; no. number

No. of 
classes

No. of 
param-
eters

Bayes’ 
Information 
Criterion

Entropy 
(overall/base-
line/12 months)

Lowest average latent 
class probability (base-
line/12 months)

Smallest class 
size at baseline

2 30 18,294.32 0.84/0.84/0.81 0.93/0.88 31.5%
3 44 17,974.33 0.86/0.85/0.84 0.92/0.88 19.3%
4 60 17,714.71 0.87/0.85/0.86 0.84/0.88 11.9%
5 78 17,683.26 0.84/0.81/0.84 0.79/0.70 11.3%
6 98 17,670.16 0.82/0.78/0.81 0.67/0.74 5.1%
7 120 17,691.81 0.85/0.82/0.85 0.79/0.79 6.3%

Fig. 1  Baseline latent classes of injection drug use and sexual risk behaviors among people who inject drugs in Ukraine (N = 1195). Conditional 
item probabilities were classified as high (≥ 0.70), moderate (≥ 0.30 < 0.70), and low (< 0.30)
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in the “Social injection/equipment-sharing” class were 
more likely to be unemployed and inject daily. Those in the 
“Social injection” class were more likely to reside in Odesa 
(than either of the other sites), be non-Ukrainian, have post-
high school education, be partnered, and inject daily. Par-
ticipants in the “High-risk collective preparation/splitting” 
class were more likely to reside in Donetsk (compared to 
Odesa), be non-Ukrainian, have post-high school education, 
and inject daily. Those in the “Collective preparation/split-
ting” class were less likely to reside in Donetsk (compared 
to Odesa) or be female and more likely to be ≤ 30 years, have 
post-high school education, and be unemployed (Table 4).

Patterns of Stability and Change

Transition patterns were similar across arms, with increas-
ing prevalence of the “Social injection/equipment-shar-
ing,” “High-risk collective preparation/splitting,” and 

“Dealer-facilitated injection” classes, and decreasing preva-
lence of the other classes (Fig. 2). Participants in both the 
control and intervention arms who started out in the “Social 
injection/equipment-sharing” class at baseline had compara-
ble probabilities of remaining (0.98 and 0.96, respectively). 
Though participants in both groups had a low probability of 
transitioning to any of the other classes, they significantly 
differed in their probability of transitioning to the “Collec-
tive preparation/splitting” class (0.01 and 0.04, respectively). 
Specifically, the odds of transitioning to the “Collective 
preparation/splitting” class relative to staying in the “Social 
injection/equipment-sharing” class were 3.44 times higher 
for participants in the intervention group compared to those 
in the control group (OR 3.44, 95% CI 1.29, 9.18).

Participants in both control and intervention groups who 
started out in the “Social injection” class had comparable 
probabilities of remaining (0.24 and 0.23, respectively) and 
of transitioning to three of the other four classes. Differences 

Table 4  Characteristics associated with baseline class membership among PWID in Ukraine (N = 1195)

PWID, people who inject drugs; education was dichotomized for the regression; sexual orientation was not examined due to small cell values; 
Russian and other nationalities were combined due to small cell values for those reporting other
*p < 0.05 in main and sensitivity analyses (where participants who did not attend both visits were excluded) unless otherwise indicated; ~ signifi-
cant at p < 0.05 in the sensitivity analysis only; ^lost significance in the sensitivity analysis

Social injection/equip-
ment-sharing

Social injection High-risk collective 
preparation/splitting

Collective prepara-
tion/splitting

Dealer-facili-
tated injection 
(ref)

Site
 Odesa (ref) 1.00 1.00 1.00 1.00 1.00
 Mykolaiv 0.00 (0.00, 0.00) 0.02 (0.01, 0.04)* 0.01 (0.00, 0.25) 0.00 (0.00, 0.01)
 Donetsk 0.00 (0.00, 0.03) 0.04 (0.02, 0.10)* 4.47 (1.21, 16.46)* 0.10 (0.04, 0.25)*

Dichotomous age
 > 30 years (ref) 1.00 1.00 1.00 1.00 1.00
 ≤ 30 years 1.09 (0.69, 1.71) 1.08 (0.76, 1.54) 1.37 (0.92, 2.03) 3.62 (1.63, 8.05)*

Gender
 Male (ref) 1.00 1.00 1.00 1.00 1.00
 Female 0.79 (0.43, 1.45) 0.80 (0.47, 1.37)~ 0.52 (0.26, 1.03) 0.48 (0.29, 0.81)*

Nationality
 Ukrainian (ref) 1.00 1.00 1.00 1.00 1.00
 Non-Ukrainian 0.03 (0.00, 4.50) 1.61 (1.08, 2.40)* 4.82 (3.16, 7.35)* 0.85 (0.34, 2.09)

Education
 ≤ High school (ref) 1.00 1.00 1.00 1.00 1.00
 > High school 0.56 (0.25, 1.32) 2.64 (1.69, 4.11)* 3.02 (1.86, 4.91)* 3.12 (1.78, 5.46)*

Unemployed
 No (ref) 1.00 1.00 1.00 1.00 1.00
 Yes 7.31 (4.29, 12.46)* 1.24 (0.85, 1.80) 1.41 (0.94, 2.11) 3.19 (1.80, 5.64)*

Relationship status
 Single (ref) 1.00 1.00 1.00 1.00 1.00
 Partnered 1.61 (0.65, 3.52) 2.84 (1.25, 6.46)*^ 1.79 (0.65, 4.96) 1.87 (0.84, 4.20)

Injects daily
 No (ref) 1.00 1.00 1.00 1.00 1.00
 Yes 11.61 (6.68, 20.19)* 3.44 (2.36, 5.01)* 4.46 (2.91, 6.84)* 1.62 (0.99, 2.64)~
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between the control and intervention group were observed in 
transitioning to the “Collective preparation/splitting” class 
(0.05 versus 0.17). Specifically, the odds of transitioning to 
the “Collective preparation/splitting” class relative to stay-
ing in the “Social injection” class were 3.33 times higher for 
participants in the intervention group compared to those in 
the control group (OR 3.33, 95% CI 1.06, 10.48).

Participants in both the control and intervention groups 
who started out in the “High-risk collective preparation/
splitting” class had comparable probabilities of remaining 
(0.77 and 0.71, respectively) and of transitioning to three 
of the other four classes. Differences between the control 
and intervention group were observed in transitioning to the 
“Collective preparation/splitting” class, though these proba-
bilities were < 0.01 for both groups. Nonetheless, the odds of 
transitioning to the “Collective preparation/splitting” class 
relative to staying in the “High-risk collective preparation/
splitting” class were 4.98 times higher for participants in the 
intervention group compared to those in the control group 
(OR 4.98, 95% CI 1.48, 16.78).

Participants in both the control and intervention groups 
who started out in the “Dealer-facilitate injection” class 
had comparable probabilities of remaining (0.75 and 0.77, 

respectively) and of transitioning to three of the other four 
classes. Differences between the control and intervention 
group were observed in transitioning to the “Collective 
preparation/splitting” class (0.01 and 0.02, respectively). 
Specifically, the odds of transitioning to the “Collective 
preparation/splitting” class relative to staying in the “Dealer-
facilitated injection” class were 3.69 times higher for par-
ticipants in the intervention group relative to those in the 
control group (OR 3.69, 95% CI 1.20, 11.33).

Participants in both the control and intervention groups 
who started out in the “Collective preparation/splitting” 
class had comparable probabilities of transitioning to the 
other four classes. Differences were observed between the 
control and intervention groups in remaining in the “Col-
lective preparation/splitting” class (0.06 and 0.20, respec-
tively). The odds of transitioning to the “Social injection/
equipment-sharing,” “Social injection,” “High-risk collec-
tive preparation/splitting,” and “Dealer-facilitated injection” 
classes relative to remaining in the “Collective preparation/
splitting” class were all lower (OR range: 0.20–0.30; not 
shown in Fig. 2) for participants in the intervention group 
compared to those in the control group (Table 5).

Fig. 2  Latent class transitions of injection drug use and sexual risk 
behaviors among people who inject drugs in Ukraine (N = 1195). 
Class prevalence at baseline and 12 months is shown in each column, 
stratified by control and intervention group. Probabilities of transi-
tioning from the “Social injection/equipment-sharing,” “Social injec-

tion,” “High-risk collective preparation/splitting,” and “Dealer-facili-
tated injection” classes to the “Collective preparation/splitting” class 
are displayed between columns, as these probabilities significantly 
differed (p < 0.05) between control and intervention groups
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HIV Seroprevalence

Overall, controlling for the intervention effect, no class 
transition was significantly associated with HIV acqui-
sition. Stratified by group, transitioning from the “Col-
lective preparation/splitting” to the “Social injection/
equipment-sharing” class was associated with HIV acqui-
sition in the control group (OR 11.56, 95% CI 2.44, 54.72; 
not displayed). No class transitions were associated with 
HIV acquisition in the intervention group. At 12 months, 

HIV seroprevalence in the “High-risk collective prepara-
tion/splitting” class was 30.9%, followed by the “Social 
injection/equipment-sharing” (25.9%), “Social injection” 
(25.5%), “Collective preparation/splitting” (20.9%), and 
“Dealer-facilitated injection” classes (16.9%; Wald sta-
tistic = 16.61[4], p < 0.01). Statistically significant dif-
ferences emerged between the “Social injection/equip-
ment-sharing” and “Dealer-facilitated injection” classes 
(p < 0.01), and the “High-risk collective preparation/split-
ting” and “Dealer-facilitated injection” classes (p < 0.001).

Table 5  Transition probabilities for control and intervention group participants, with odds ratios and 95% confidence intervals of the interven-
tion effect on class transitions and of the association between class transitions and HIV acquisition among PWID in Ukraine (N = 1195)

HIV human immunodeficiency virus; PWID people who inject drugs
a Adjusted for intervention effect
*p < 0.05

Social injection/
equipment-
sharing

Social injection High-risk collective 
preparation/splitting

Collective prepa-
ration/splitting

Dealer-facilitated injection

Control group transition probabilities
 Social injection/equipment-

sharing
0.98 0.00 0.01 0.01 0.00

 Social injection 0.40 0.24 0.11 0.05 0.20
 High-risk collective prepara-

tion/splitting
0.01 0.02 0.77  < 0.01 0.20

 Collective preparation/splitting 0.51  < 0.01 0.27 0.06 0.16
 Dealer-facilitated injection 0.00 0.09 0.15 0.01 0.75

Intervention group transition probabilities
 Social injection/equipment-

sharing
0.96 0.00 0.01 0.04 0.00

 Social injection 0.37 0.23 0.07 0.17 0.17
 High-risk collective prepara-

tion/splitting
0.02 0.03 0.71  < 0.01 0.24

 Collective preparation/splitting 0.48  < 0.01 0.18 0.20 0.14
 Dealer-facilitated injection 0.00 0.10 0.12 0.02 0.77

Intervention effect on class transitions
 Social injection/equipment-

sharing
1.00 (ref) 1.03 (0.51, 2.09) 0.69 (0.35, 1.37) 3.44 (1.29, 9.18)* 0.93 (0.52, 1.68)

 Social injection 0.98 (0.48, 1.95) 1.00 (ref) 0.67 (0.35, 1.29) 3.33 (1.06, 10.48)* 0.90 (0.51, 1.61)
 High-risk collective prepara-

tion/splitting
1.45 (0.74, 2.84) 1.50 (0.78, 2.88) 1.00 (ref) 4.98 (1.48, 16.78)* 1.35 (0.86, 2.11)

 Collective preparation/splitting 0.29 (0.11, 0.78)* 0.30 (0.10, 0.95)* 0.20 (0.06, 0.68)* 1.00 (ref) 0.27 (0.09, 0.83)*

 Dealer-facilitated injection 1.07 (0.60, 1.93) 1.11 (0.62, 1.97) 0.74 (0.47, 1.16) 3.69 (1.20, 11.33)* 1.00 (ref)
HIV  seroprevalencea (% at 

12 months)
 Social injection/equipment-

sharing (25.9%)
1.00 (ref) 0.50 (0.13, 1.95) 0.82 (0.16, 4.06) 0.55 (0.14, 2.21) 0.53 (0.14, 2.05)

 Social injection (25.5%) 2.01 (0.51, 7.89) 1.00 (ref) 1.64 (0.61, 4.40) 1.11 (0.17, 7.35) 1.06 (0.48, 2.34)
 High-risk collective prepara-

tion/splitting (30.9%)
1.23 (0.25, 6.10) 0.61 (0.23, 1.63) 1.00 (ref) 0.68 (0.07, 6.28) 0.65 (0.34, 1.24)

 Collective preparation/splitting 
(20.9%)

1.81 (0.45, 7.23) 0.90 (0.14, 5.95) 1.48 (0.16, 13.68) 1.00 (ref) 0.96 (0.14, 6.74)

 Dealer-facilitated injection 
(16.9%)

1.89 (0.49, 7.35) 0.94 (0.43, 2.07) 1.54 (0.81, 2.95) 1.05 (0.15, 7.37) 1.00 (ref)
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Sensitivity Analyses

A sensitivity analysis was performed using the partially 
invariant model, which revealed slight changes in a few 
parameter estimates compared to those in the main analy-
sis. The odds of transitioning from the “Social injection” 
to the “Collective preparation/splitting” class (OR 2.90, 
95% CI 0.99, 8.46) and of remaining in the “Collective 
preparation/splitting” class relative to transitioning to the 
“Social injection” class (OR 0.35, 95% CI 0.12, 1.01) lost 
but remained close to statistical significance. Additionally, 
transitioning from the “Collective preparation/splitting” 
to the “High-risk collective preparation/splitting” class 
(aOR 7.44, 95% CI 1.30, 42.56) was also associated with 
HIV acquisition in the control group. All other estimates 
were comparable to those in the main analysis, leaving infer-
ences unchanged.

Another sensitivity analysis used data from only those 
participants who completed both baseline and 12-month 
visits (N = 1131). Excluded participants (n = 64) were more 
likely to be non-Ukrainian (OR 2.19, 95% CI 1.31, 3.68). The 
same five-class latent transition model was indicated, with 
a class structure and item probabilities comparable to those 
of the main analysis. Likewise, statistical inferences of the 
remaining findings were comparable to those of the main 
analysis, with the exception of a few associations between 
demographic characteristics and baseline class membership 
(indicated in Table 4).

Discussion

We examined IDU and sexual risk behaviors reported by 
PWID enrolled in a social network intervention in Odesa, 
Donetsk, and Mykolaiv, Ukraine. We used RI-LTA to iden-
tify five subgroups of PWID engaging in distinct patterns, or 
classes, of IDU and sexual risk behaviors: “Social injection/
equipment-sharing,” “Social injection,” “High-risk collec-
tive preparation/splitting,” “Collective preparation/splitting,” 
and “Dealer-facilitated injection.” Each class featured unsafe 
injection behavior and/or condomless sex to some degree, 
though the number and nature of these behaviors varied. 
Equipment-sharing distinguished the two social injection 
classes, while condomless sex and injection with used nee-
dles/syringes distinguished the collective preparation/split-
ting classes.

The largest class, “Dealer-facilitated injection,” may 
reflect the ubiquitous use of locally produced opiates 
commonly purchased at open-air markets in pre-loaded 
syringes or from dealers who load the syringe upon pur-
chase in Ukraine [41–44]. PWID who exclusively utilize 
this method of IDU would be unlikely to endorse other 
IDU behaviors because they would not be involved in the 

production of the drug solution or the preparation of the 
syringe, which may also indicate that this subset of PWID 
would be less aware of whether risk-reduction practices 
were used when preparing the solution and syringe [41, 
42]. It is perhaps understandable, then, why this particular 
behavior has been resistant to intervention efforts, which 
typically target those who use rather than deal drugs [43]. 
The smallest class, “Collective preparation/splitting,” fea-
tured the smallest number of moderate- to high-probability 
risk behaviors of all the classes with two: preparing and 
splitting drug solution with others. Younger participants 
tended to fall into this class, suggesting younger age could 
have correlated with more caution with regard to injection 
drug use practices, possibly due to less experience with 
injection drug use, or perhaps due to having grown up with 
more exposure to HIV-prevention messaging.

All risk behaviors except injecting with used needles/
syringes and condomless sex were featured in the “Social 
injection/equipment-sharing” class. Because they are among 
the most statistically likely to transmit HIV [40], these 
behaviors have long been prominently featured in public 
health messaging to populations affected by HIV [45, 46]. 
Risk associated with the other behaviors featured in this 
class may receive less attention in intervention efforts, or 
this particular subgroup of PWID may consider such risks 
negligible or acceptable relative to those posed by injecting 
with used needles/syringes and condomless sex. The “Social 
injection” class differed by its relative lack of equipment-
sharing and the substantially higher probability of condom-
less sex, and was somewhat similar to the “High-risk col-
lective preparation/splitting” class, which had the highest 
probabilities of condomless sex and drug injection with 
used needles/syringes. Condomless sex and needle-sharing 
between injecting sex partners is common [1, 47, 48], ampli-
fying risk for HIV transmission [40]. The “Social injection” 
class may represent a subset of individuals who inject drugs 
within the context of intimate relationships but do not share 
needles/syringes [49, 50], or a subset of individuals who 
have non-injecting sex partners [51]. However, we cannot 
make either of these conclusions based on the available data. 
Condomless sex between injecting and non-injecting part-
ners has indeed become prevalent in Ukraine, contributing 
to the shift in the country’s HIV epidemic from concentrated 
to more generalized [5]. Absent among the observed patterns 
was a class where the probability of endorsing all behaviors 
was moderate or lower (i.e., a “low risk” class), in contrast 
to prior research [25–27], as each observed class featured a 
high probability of endorsing at least one IDU risk behav-
ior. This may reflect the severity of the IDU epidemic in 
Ukraine, but may also reflect the number and diversity of 
IDU behaviors examined in the present study, which was 
greater and broader than what has been investigated previ-
ously [25–27].
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Direct comparison of our findings with those from similar 
studies is not straightforward, as the number and variety of 
potential injection drug use and sexual risk behaviors to be 
included in such an analysis will result in different inclu-
sion and categorization decisions by researchers [25–27]. 
However, some similarities and differences are evident. A 
peer education intervention trial conducted in five urban US 
cities (Baltimore, Chicago, Los Angeles, New York City, 
Seattle) revealed four classes, one of which found cooker-, 
cotton-, and rinse water-sharing to cluster together (similar 
to our “Social injection/equipment-sharing” class), and two 
of which found cooker-, cotton-, rinse water-, and needle-
sharing to cluster together (different from our findings, 
as the only class with a moderate or higher probability of 
needle/syringe-sharing, the “High-risk collective prepara-
tion/splitting” class, did not feature any other equipment-
sharing) [25]. Two other studies, one in another urban US 
city (Houston), and one in Kermanshah, Iran (a provincial 
capital), each found three classes, with condomless sex, nee-
dle-sharing, and other drug preparation/equipment-sharing 
clustering together in two out of three classes in both studies 
(similar to our “High-risk collective preparation/splitting” 
class, with the exception of non-needle equipment-sharing, 
the probabilities of which were all < 0.10 in our class) [26, 
27]. A number of methodological factors (e.g., sample size, 
indicators assessed, indicator categorizations) could have 
certainly been responsible for the differences in class num-
ber and composition observed between these prior studies 
and ours; however, societal and contextual factors (e.g., drug 
market, economy) could have played a role as well.

Using a standard set of IDU and sexual behavior indica-
tors and similar analytic approaches in other contexts with 
large PWID populations is warranted, especially in countries 
nearby and more comparable to Ukraine, such as those in 
Eastern Europe, Central Asia, and the Caucasus region that 
have large populations of PWID who are likewise dispropor-
tionately affected by HIV [52, 53]. Several of the behaviors 
characterizing the classes we identified—including syringe/
needle-sharing and other equipment-sharing, sexual behav-
iors, and social injection—have in fact been reported in sev-
eral such countries (e.g., Russia, Georgia, Tajikistan, among 
others), though some behaviors may be less commonly 
ascertained in surveys than others [54–56]. Future efforts 
to assess a wider range or standard set of specific injection 
behaviors and apply person-centered analytic approaches 
would allow for the identification of distinct patterns of 
risk behavior among PWID populations in these regions, 
facilitating comparison of patterns across contexts, identifi-
cation of subgroups of PWID most at-risk for transmission 
of HIV and other blood-borne infections, and establishment 
of clearer intervention targets.

In addition to identifying five behavioral classes, our 
use of RI-LTA allowed us to examine the extent to which a 

social network intervention affected class transitions over 
time, revealing intervention effects for transitioning to and 
remaining in the “Collective preparation/splitting” class. 
Additionally, after 12 months, classes featuring the highest 
number of HIV-risk behaviors had higher HIV seropreva-
lence, while classes featuring the lowest number of HIV-risk 
behaviors (including the “Collective preparation/splitting” 
class) had lower seroprevalence. Moreover, transitioning to 
the “Social injection/equipment-sharing” class was associ-
ated with HIV acquisition for control participants.

Transition probabilities from higher-risk classes to the 
“Collective preparation/splitting” class were all higher for 
intervention participants relative to control participants, each 
of which translated to a significant intervention effect. Like-
wise, transition probabilities from the “Collective prepara-
tion/splitting” class to each higher-risk class were all lower 
for intervention participants relative to control participants; 
i.e., intervention participants had a higher probability of 
remaining in the “Collective preparation/splitting” class 
relative to control participants. These probabilities also 
translated to a significant intervention effect, the strongest 
of which was observed in intervention participants’ lower 
likelihood of transitioning to the “High-risk collective prepa-
ration/splitting class.”

These findings recall the aforementioned peer education 
intervention trial conducted in five US urban cities, wherein 
intervention participants in the trial’s low risk class (low 
probabilities of all behaviors) were more likely to remain in 
the low risk class relative to control participants (similar to 
what we found with our “Collective preparation/splitting” 
class), while intervention participants in the high risk class 
were more likely to transition to the low risk class relative 
to control participants (comparable to our finding of inter-
vention participants in all higher risk classes being more 
likely to transition to the “Collective preparation/splitting” 
class relative to control participants) [25]. As certain PWID 
subgroups are differentially amenable to social network/
peer-based interventions, greater understanding of this dif-
ferential amenability and adjusting interventions to better 
target PWID most vulnerable to contracting HIV are needed.

Our observed intervention effects are not an indica-
tion that the “Collective preparation/splitting” class is a 
low-risk class, as the behaviors it features do carry risk 
for transmission of HIV and other blood-borne infections 
[57, 58]. However, this finding does indicate that, among 
a minority of participants and depending on the class from 
which participants transitioned, the intervention appeared 
to be effective in reducing equipment-sharing, injection 
with solution drawn from a common container, injection 
with dealer-filled syringes, and condomless sex. The great-
est percentage of intervention participants transitioning to 
the “Collective preparation/splitting” class came from the 
“Social injection” class (second-largest at baseline), with 
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17%. Class composition may have factored into the interven-
tion’s stronger impact on the “Social injection” class, as this 
was the only class where membership was associated with 
being more likely to be partnered and to reside in Odesa. 
Understanding why this particular pattern of behaviors was 
more strongly impacted by the intervention is an area for 
future research. Though no other significant effects of the 
intervention were detected, the difference in class prevalence 
increases in the “High-risk collective preparation/splitting” 
class between control and intervention arms was notable, 
suggesting the intervention may have been marginally effec-
tive in curbing the behaviors featured in this class, which 
included condomless sex and injection with used needles/
syringes. In other words, for some, the intervention was per-
haps more effective at preventing transitions to higher-risk 
classes rather than reducing risk outright; this type of inter-
vention may therefore be more appropriate to implement 
in populations demonstrating low to moderate behavioral 
risk profiles than severe ones. Moreover, the drop in overall 
endorsement of condomless sex at 12 months may indicate 
that sexual behavior was more effectively targeted by the 
intervention, though this drop may reflect missing data.

That transitioning to the “Social injection/equipment-
sharing” class was associated with HIV acquisition for 
control participants is notable but unsurprising. Four of the 
behaviors featured in this class involved sharing equipment 
used to inject drugs—a consistent predictor of HIV trans-
mission in PWID networks [3]—while the sheer number of 
risk behaviors provides more opportunities to be exposed to 
HIV. Low statistical power may have prevented the detec-
tion of associations between HIV acquisition and other class 
transitions; however, the sensitivity analysis did reveal an 
association with transitioning to the “High-risk collective 
preparation/splitting class,” which is also unsurprising given 
the moderate probability of sharing used needles/syringes 
and having condomless sex in this class. Despite the inter-
vention effect and HIV seroprevalence differences across 
classes post-intervention, HIV seroprevalence was high in 
each class after 12 months, similar to the main outcome 
findings of the trial published previously, wherein HIV 
incidence was high in both arms but remained statistically 
significantly lower in the intervention group [24]. The effec-
tiveness of social network interventions among PWID in 
Ukraine may be constrained by community (e.g., police mis-
treatment; stigma), institutional/policy (e.g., limited access 
to opioid substitution therapy), and other barriers (e.g., war), 
warranting multilevel but more structurally-focused inter-
ventions [9, 59–61].

There are several limitations to this study. Some miss-
ingness due to loss to follow-up was evident at 12 months 
but was equally distributed across arms, and a full maxi-
mum likelihood estimator was used to handle missing 
data, an approach shown to be comparable to multiple 

imputation [35, 36]. Moreover, a sensitivity analysis 
excluding those lost to follow-up revealed findings that 
were comparable to the main analysis. Second, the sample 
consisted of index participants in three Ukrainian sites 
who were recruited by outreach workers, and index partici-
pants subsequently recruited members of their own injec-
tion network (and only two) to join the study. Had the 
study been conducted in other urban areas (or in rural areas 
in addition to urban areas), had participants recruited their 
entire injection networks (or more than two members), or 
had the sample been more demographically diverse (e.g., 
more sexual minorities), findings may have differed. This 
study may nonetheless be relevant to other comparable 
contexts, such as other countries in Eastern Europe, Cen-
tral Asia, and the Caucasus region. Third, most class sizes 
remained roughly the same across arms over time, suggest-
ing negligible intervention impact. Nevertheless, several 
significant differences were in fact detected, however mini-
mal, indicating measurable intervention impact for some 
participants and subgroups.

Lastly, as this was a secondary analysis of data col-
lected between 2010 and 2012, it is conceivable that our 
findings may not reflect the current HIV and IDU epide-
miologic context of Ukraine. However, research conducted 
since 2012 shows that HIV transmission risk behaviors 
(e.g., social injection, equipment-sharing, condomless sex) 
remain common among PWID in Ukraine [62–65] and that 
PWID continue to comprise the largest key population dis-
proportionately affected by HIV there [65], with recent data 
(2017–2019) showing HIV prevalence among PWID to be 
22–23% [65], with large gaps at each HIV care continuum 
stage [59, 65]. While this research suggests the HIV and 
IDU epidemiologic context may have remained comparable 
subsequent to our study, it was all conducted prior to the 
COVID-19 pandemic and the current Russian invasion.

COVID-19 has already led to reduced HIV surveillance 
and testing [66] and disrupted harm reduction programs 
[67, 68], and poses particular health risks for PWID that 
may compromise immunity for those living with HIV and 
thus more easily facilitate transmission of HIV [69, 70]. 
Additionally, like the impact of Russia’s annexation of 
Crimea [71–73], disruption in or stoppage of HIV services 
and drug treatment for PWID, increased HIV prevalence 
in other areas of Ukraine and surrounding countries due to 
displacement of people living with HIV, and a consequent 
exacerbation of HIV-related disparities faced by PWID 
can be expected. Indeed, the current situation in Ukraine 
is already characterized by many of these conditions, 
while under-resourced and overwhelmed health systems 
in border regions remain ill-equipped to provide HIV care 
and treatment services to PWID and others living with 
HIV [69, 70, 74–76]. The extent to which these events 
will shape injection drug use and sexual behavior patterns 
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among PWID in Ukraine and affect the broader HIV and 
IDU epidemiologic context is not yet known.

Conclusions

Distinct patterns of injection drug use and sexual risk 
behaviors characterize how people inject drugs in Ukraine, 
representing differential risk for HIV transmission and dif-
ferential amenability to change in response to intervention. 
Scholarship to illuminate the stability of these patterns 
and the ways in which each may benefit from uniquely 
tailored programming to reduce risk is needed. Thought-
ful, nuanced research and intervention development is par-
ticularly relevant given the stark realities facing Ukraine 
that will substantially upend HIV prevention efforts. Stra-
tegic targeting of IDU and sexual behavior patterns like 
those identified here could be an efficient, cost-effective, 
and impactful way forward in reducing HIV transmission 
in Ukraine and comparable contexts. As such endeavors 
may not be feasible for some time, more pressing mat-
ters, such as unfettered access to HIV treatment, should 
be prioritized.
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