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TABLE 1—Continued

Current insurance status

Public 837 6.7 (5.6, 7.9) 30.8 (26.4, 35.5) <.001

Private 8 428 67.8 (65.4, 70.0) 18.3 (16.9, 20.0)

None 2 927 25.6 (23.9, 27.3) 17.4 (15.7, 19.3)

HIV testing (past 12 mo)

Yes 2 387 18.8 (17.6, 20.1) NA

No 9 875 81.2 (79.9, 82.4) NA

Total 12 334 86.9 18.8 (17.6, 20.1)

Note. CI = confidence interval; NA = not applicable; STD = sexually transmitted disease.
aNumbers do not add up to 12 334 because of missing values.
bP value for Pearson χ2 test for independence.

TABLE 2—Prevalence, Odds Ratio (OR), and 95% Confidence Interval (CI) Estimates for the
Association Between Current Insurance Status and Functional Income and HIV Testing Among
Add Health Respondents Who Reported Ever Having Vaginal Intercourse, by Geographic Region:
Wave III of the National Longitudinal Study of Adolescent Health, 2001–2002

Current Current 
Insurance Weighted %, Unadjusted OR, Adjusted OR,a Functional Weighted %, Unadjusted OR,

Status 95% CI 95% CI 95% CI Income 95% CI 95% CI

Overall

Private 18.4 (16.9, 20.0) 0.51 (0.40, 0.63) 0.58 (0.46, 0.72) No 23.3 (20.5, 26.4) 1.38 (1.16, 1.64)

None 17.5 (15.7, 19.4) 0.48 (0.37, 0.61) 0.55 (0.43, 0.71) Yes 18.1 (16.8, 19.4) Reference

Public 30.8 (26.5, 35.5) Reference Reference . . . . . . . . .

South

Private 18.9 (16.9, 21.0) 0.46 (0.33, 0.64) 0.55 (0.39, 0.77) No 22.7 (18.7, 27.4) 1.34 (1.01, 1.77)

None 15.8 (13.6, 18.4) 0.38 (0.27, 0.53) 0.44 (0.31, 0.63) Yes 18.0 (16.3, 19.8) Reference

Public 33.4 (26.9, 40.5) Reference Reference . . . . . . . . .

West

Private 21.0 (17.8, 24.7) 0.63 (0.33, 1.21) 0.66 (0.36, 1.23) No 25.8 (18.1, 35.5) 1.41 (0.88, 2.27)

None 17.4 (13.3, 22.6) 0.50 (0.26, 0.96) 0.55 (0.30, 1.02) Yes 19.8 (16.8, 23.3) Reference

Public 29.7 (18.5, 44.0) Reference Reference . . . . . . . . .

Northeast

Private 19.4 (15.8, 23.7) 0.66 (0.33, 1.33) 0.71 (0.35, 1.44) No 31.8 (21.8, 44.0) 2.07 (1.17, 3.64)

None 19.3 (14.0, 26.0) 0.65 (0.26, 1.65) 0.73 (0.29, 1.85) Yes 18.5 (15.5, 21.8) Reference

Public 26.8 (14.8, 43.6) Reference Reference . . . . . . . . .

Midwest

Private 15.8 (12.9, 19.2) 0.43 (0.29, 0.64) 0.50 (0.34, 0.74) No 21.2 (16.6, 26.6) 1.32 (0.98, 1.79)

None 19.5 (15.5, 24.2) 0.56 (0.37, 0.85) 0.67 (0.44, 1.01) Yes 16.9 (14.5, 19.6) Reference

Public 30.2 (23.8, 37.5) Reference Reference . . . . . . . . .

a Adjusted for gender.
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We analyzed the treatment sched-
ule of a long-running HIV/AIDS pre-
vention program in Managua, Nica-
ragua, that targets sex workers
through mass and specific clinic-
based treatment of sexually trans-
mitted infections and confirmed the
role of frequency of treatment in
generating a sustained reduction in
measured prevalence of sexually
transmitted infections. Unplanned
variations in the time between treat-
ments, a situation common to pub-
lic health programs, provided the
basis for attributing changes in mea-
sured levels of sexually transmitted
infections to the program and for
testing the statistical significance of
the relationship. This information is
critical to program design and fund-
ing and to resource allocation. (Am
J Public Health. 2006;96:XXX–XXX.
doi:10.2105/AJPH.2005.062596)

The role of frequency of treatment in gen-
erating a sustained reduction in measured
sexually transmitted infection (STI) preva-
lence can be confirmed by analyzing a long-
running HIV/AIDS prevention program
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Note. The diameter of each circle is proportional to the time since commencement of the previous treatment round. STI
prevalence is based on the number of sex workers with at least 1 laboratory diagnosis of Trichomonas, syphilis, or gonorrhea.
Two rounds were omitted: one because no laboratory tests were done, and the other because of a temporary and unplanned
change to testing procedures at one laboratory. The white circle represents the baseline, the first treatment round. For rounds
1 to 9, the mean number of days between rounds was 182, and from rounds 10 to 20, the mean number of days between
rounds was 152. However, note that the analysis and principal inferences depend as much on the variation in the lags within
each of these 2 periods as it does on the difference between the mean lags. The data split into a first half and second half
format, but this need not have been true, and the same conclusions could have been drawn had the 2 means been the same.

FIGURE 1—Relation between the timing of treatment rounds and the trend in measured
prevalence of sexually transmitted infections (STIs) at the commencement of each round.

targeting sex workers in Managua, Nicaragua.
The program provides combined mass and
specific clinic-based treatment of STIs.

Funding and other constraints over 9 years
caused unplanned variations in the time be-
tween successive program treatments. These
variations provided the data that allowed us
to link the time since last treatment to change
in measured STI prevalence. The analysis un-
derpinned a decision to increase the fre-
quency of treatment from 2 to 3 times per
year. Many developing country programs dis-
play similar variations, providing data that
could allow similar scrutiny. Simple models al-
lowed us to confidently attribute prevalence
outcomes to program interventions. This in-
formation can be critical to decisions relating
to program design and funding and to re-
source allocation.

METHODS

This analysis formed part of the authors’
economic evaluation of a program operated
by Instituto CentroAmericano de la Salud in
Managua, Nicaragua. Since 1996, Instituto
CentroAmericano de la Salud has distributed
vouchers entitling sex workers to free-of-
charge access to clinics contracted to provide
care and prevention services for STI and
HIV infection under strict protocols.

During each period of operation, referred
to as a round, approximately 1150 vouchers,
broadly equating to the number of “visible”
sex workers in Managua, are distributed.1 On
average, 46% of the voucher recipients at-
tend an initial consultation during which a
single dose (1 g) of azithromycin is adminis-
tered and samples are taken to a laboratory
to diagnose STIs. At a second consultation,
attended on average by 82% of the voucher
“redeemers,” additional treatment is provided
on the basis of laboratory results and clini-
cally diagnosed STIs.

As a result, almost 40% of Managua’s sex
workers receive both mass and specific treat-
ment for STIs each round. The immediate
effect is the reduction in prevalence of STIs
below the rate measured at the commence-
ment of the round. Measured STI prevalence
at the commencement of the subsequent
treatment round indicates the rates of reinfec-
tion and new infection as sex workers enter

and exit Managua’s sex industry (with 40%
turnover every 6 months).

The STIs treatment program also operates
alongside several other programs that target
sex workers but focus on changing behav-
iors, such as increased condom use and safer
sexual practices. Because treatment of STIs
and behavior modification programs work
conjointly, it is difficult to determine which
is more beneficial, uncertainty that is mir-
rored in other treatment programs. Examin-
ing the relationship between the timing of
treatment rounds and the trend in measured
prevalence of STIs at the commencement of
each round, as shown in Figure 1, separates
program effects.

RESULTS

At the commencement of round 1, approxi-
mately 29% of the sex workers redeeming
vouchers had a STI. Three months later, at
the commencement of round 2, the preva-
lence of STIs remained well below the initial
rate. However, rounds 3 to 9 were character-

ized by varying time intervals of approxi-
mately 6 to 9 months. Prevalence of STIs at
the commencement of these rounds was simi-
lar to or higher than that of round 1. It was
not until the program was able to fund regu-
lar, frequent rounds (beginning with round
10) that a trend in measured prevalence of
STIs was established. (The nature of the
treatment was such that a reduction in aver-
age rates between rounds could be expected
even when the intervals between rounds were
large enough for measured rates to return to
pretreatment levels.) Interweaving shorter
and longer time lags between rounds was in-
effective in reducing measured prevalence of
STIs relative to consistent use of short to me-
dium time lags.

A threshold level of frequency of clinic-
based mass testing and mass and specific
treatment may be required before systematic
reductions in measured prevalence of STIs
can be generated. Figure 2 shows the rela-
tionship between days since previous treat-
ment round and change in STI prevalence.
Although the associated model was specified
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Note. Testing for a significant relation was based on the following simple linear model:
∆Sn = α + βDn + γ Tn + δTnˆ2,
where ∆Sn = %− change in STI prevalence, Dn is days since last round, and Tn is days since program inception. A quadratic form
in T was included to test for a background trend independent of the program. β was of the expected sign and highly significant
according to a t test (P < .004). The trend variables were individually not significant and, tested as a pair, did not even approach
significance with an F test.
aIndicatively, < 176 day frequency required to establish steady trend improvement.

FIGURE 2—Linear regression trend in commencement of successive treatment rounds to achieve
a sustained reduction in measured prevalence of sexually transmitted infections (STIs).

for hypothesis testing rather than predictive
purposes, it does suggest that, for this pro-
gram, successive treatment rounds may need
to commence within 6 months to achieve a
sustained reduction in measured prevalence
of STIs.

DISCUSSION

The direction of effect was expected, but
the apparent strength of the relation—which
was much stronger than a simple trend (evi-
dent from round 2 and showing strong statis-
tical significance)—was striking.

Other factors that could have reduced re-
infection rates with STIs include increased
condom use, better targeting of condoms to
higher-risk sexual encounters, increased use
or greater effectiveness of non–Instituto Cen-
troAmericano de la Salud–sponsored treat-
ments, progressive selection bias in favor of
sex workers with a disproportionate propen-
sity to redeem vouchers multiple times, and
the distribution of vouchers to clients after
round 7. All these factors were analyzed, and
none had the same tight, immediate match

between timing of treatment rounds and
change in measured rates of STIs. It is also
significant that no overall upward trend was
evident in either condom use or client
voucher redemption that could have con-
tributed to the downward trend in STIs
among sex workers after round 10.

In the absence of such trends, recent
rounds indicated the program’s capacity to
retain the measured prevalence of STIs at
approximately 15%–50% below the rate
found in round 1. Statistical testing described
in Figure 2 indicated no significant explana-
tory power from a time trend beyond that
provided by the lag between rounds.
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