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Why was the cohort set up?

The National Institutes of Health established the Women’s

Interagency HIV Study (WIHS) in 1993 to study the im-

pact and progression of HIV infection among women in re-

sponse to the rising number of AIDS cases and the relative

paucity of clinical, behavioural and epidemiological data

in this population. Women now comprise more than 50%

of people with HIV (PWH) worldwide.1 The WIHS is the

largest and oldest ongoing prospective cohort study of

women with and at risk for HIV infection in the world,

and remains the leading study to document the experience

of women with HIV (WWH) in the United States.

The cohort’s scope of data collection and research has

expanded considerably since the two previous publications

that described the methodology and profile of the study in

its early years.2,3 Current areas of research include, but are

not limited to: HIV-related comorbidities; epidemiological

methods; genetics; frailty and ageing; behavioural and so-

cial determinants of health; pharmacology; and studies

related to pursuit of an HIV cure. The purpose of this paper
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is to update researchers on the substantial expansion of the

cohort, its methods and the available data.

Who is in the cohort?

The six original cohort sites were in Brooklyn, NY; the

Bronx/Manhattan, NY; Washington, DC; Chicago, IL; San

Francisco, CA; and Los Angeles, CA. Since 1997, the

WIHS Data Management and Analysis Center (WDMAC)

has been located in Baltimore, MD. Four southern sites

were added in 2013: Chapel Hill, NC; Atlanta, GA;

Birmingham, AL/Jackson, MS; and Miami, FL. The Los

Angeles site discontinued active follow-up in 2013.

The cohort enrolled 4982 women who at baseline were:

either HIV-seropositive (3677); or HIV-seronegative

(1305; 26 of them acquired HIV during follow-up) with a

history of sexually transmitted infections (STIs) or behav-

ioural or demographic characteristics that increased their

risk of acquiring HIV. Enrolment occurred during four

waves: 1994-95 (2054 HIVþ; 569 HIV-); 2001–02 (737

HIVþ, 406 HIV-), 2011-12 (276 HIVþ; 95 HIV-); and

2013-15 (610 HIVþ; 235 HIV-). Eligibility criteria were

similar throughout the study, but varied from wave to

wave to increase representativeness of the cohort.2,3

The most recent enrolment wave during 2013–15

(Wave 4) enrolled women between the ages of 25 and 60

years. WWH were required to have documentation of a re-

active HIV serology and confirmatory test. Women who

used anti-retroviral therapy (ART) were eligible only if all

of their regimens met criteria for highly active antiretro-

viral therapy (HAART), as defined by the US consensus

treatment recommendations.4 Those who used non-

HAART regimens were eligible only if use occurred during

pregnancy or HIV pre- or post-exposure prophylaxis.

Documentation of CD4þ T cell counts and HIV RNA

quantification before initiation of HAART was required.

HIV-seronegative women were eligible for Wave 4 if

they had at least one high-risk exposure in the preceding 5

years [e.g. STI diagnosis; sex without a condom with three

or more men; sex with a condom with six or more men;

trading sex; sex with an HIV-seropositive man; injection

drug use (IDU) or use of crack cocaine, cocaine, heroin or

methamphetamine; or any partner who had any of the pre-

viously mentioned risk characteristics]. Wave 3 enrolled

women between the ages of 30 and 55 years, but eligibility

criteria were otherwise similar to those of Wave 2.3 During

Wave 4, investigators used word of mouth and flyers to re-

cruit participants from community-based organizations

and medical, STI and family planning clinics.

Since the beginning of the study in 1993, 1268 partici-

pants have died, 130 have withdrawn from the study, 806

were discontinued for administrative reasons (such as ter-

mination of a site’s participation or decreased funding that

required sites to decrease enrolment), and 415 have been

lost to follow-up. (Table 1) As of October 2016, the WIHS

is actively following 2363 women.

A unique aspect of the WIHS is its enrolment of demo-

graphically similar HIV-seronegative women. The age and

racial/ethnic distributions of seronegative participants are

similar to those of WWH in the cohort (Black 72%, White

11%, Hispanic 14% and Other 3%) who, in turn, are gen-

erally representative by race/ethnicity of WWH in the USA

(Black 59%, White 17%, Hispanic 19% and Other 5%).

Tables 2 and 3 outline some key demographic, behavioural

and clinical characteristics of active participants as of 2016

(visit 44). Most participants are poor; 64% of HIV-

seropositive and 56% of HIV-seronegative participants re-

port an annual household income of $18 000 or less.

Table 1. Disposition of participants in the Women’s Interagency HIV Study, by enrolment wave and baseline HIV statusa

Wave 1 Wave 2 Wave 3 Wave 4 All Waves

HIV- HIVþ HIV- HIVþ HIV- HIVþ HIV- HIVþ HIV- HIVþ
N ¼ 569 N ¼ 2054 N ¼ 406 N ¼ 737 N ¼ 95 N ¼ 276 N ¼ 235 N ¼ 610 N ¼ 1305 N ¼ 3677

Activeb 207 (36) 508 (25) 217 (53) 354 (48) 78 (82) 209 (76) 214 (91) 576 (94) 716 (55) 1647 (45)

Deceasedc 95 (17) 1016 (49) 16 (4) 113 (15) 2 (2) 13 (5) 5 (2) 8 (1) 118 (9) 1150 (31)

Withdrew from the study 26 (5) 62 (3) 15 (4) 21 (3) 3 (3) 1 (< 1) 1 (< 1) 1 (< 1) 45 (3) 85 (2)

Administrative disenrolmentd 144 (25) 319 (16) 116 (29) 177 (24) 6 (6) 38 (14) 3 (1) 3 (< 1) 269 (21) 537 (15)

Lost to follow-upe 97 (17) 149 (7) 42 (10) 72 (10) 6 (6) 15 (5) 12 (5) 22 (4) 157 (12) 258 (7)

aDates of enrolment were: Wave 1 ¼ 1994–95; Wave 2 ¼ 2001–02; Wave 3 ¼ 2011–12; Wave 4 ¼ 2013–15.
bParticipants were considered ‘active’ if they attended at least one visit between October 2015 and September 2016. Among active participants who were HIV-

seronegative at baseline, 14 seroconverted during WIHS follow-up (11 from Wave 1, two from Wave 2 and one from Wave 3).
cAmong deceased participants who were HIV-seronegative at baseline, eight seroconverted during WIHS follow-up (six from Wave 1 and two from Wave 2)

and two seroconverted after last WIHS visit (one from Wave 1 and one from Wave 2).
dExamples of reasons for administrative disenrollment include termination of a site’s participation or decreased funding that required sites to decrease enroll-

ment. Among administratively disenrolled participants who were HIV-seronegative at baseline, 1 seroconverted during WIHS follow-up (Wave 2).
eAmong lost to follow-up participants who were HIV-seronegative at baseline, one seroconverted during WIHS follow-up Wave 1.
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About one-third (33% and 31%, respectively, of HIVþ
and HIV- participants) have attained less than a high

school education. Almost one-third (31%) of HIVþ par-

ticipants have reported a history of clinical AIDS; as ex-

pected, women enrolled earlier are more likely to have had

an AIDS condition than those enrolled later (57%, 30%,

18% and 14%, respectively, for Waves 1, 2, 3 and 4).

Almost all (97%) of WWH have received some antiretro-

viral therapy (ART), and 89% reported taking ART at the

most recent visit. Nevertheless, a substantial minority

(31%) continue to have unsuppressed HIV viral loads, re-

flecting recognized deficiencies in the continuum of HIV

care.5

Despite the high prevalence of IDU reported by partici-

pants at study entry, current IDU is less common; only 1% re-

ported IDU in the 6 months preceding their most recent study

visit. By contrast, higher proportions (6% HIVþ, 10% HIV-)

reported smoking or snorting crack cocaine, cocaine or heroin

in the past 6 months. Almost one-third of women (30%

HIVþ, 30% HIV-) screened positive for risk of depression at

their last visit, and 38% of HIVþ and 40% of HIV- women

reported a history of sexual abuse. Cigarette smoking is com-

mon (38%, HIVþ, 44% HIV-), as is obesity, with median

body mass index (BMI) of 30 (HIVþ) and 32 (HIV-).

Substantial proportions of women have diabetes (20% HIVþ,

23% HIV-), hypertension (50% HIVþ, 48% HIV-) and a his-

tory of cardiovascular disease (15% HIVþ, 15% HIV-).

How often have they been followed up?
What has been measured?

Participants attend WIHS visits every 6 months for data col-

lection. Each of these visits includes a scripted interview that

covers general medical and medication history, substance use,

sexual history, health care use and psychosocial/behavioural

data. A physical examination, including standardized blood

pressure assessment, anthropometric measures and gynaeco-

logical examination with cervical cytology, is conducted.

Frailty assessments and ankle-brachial index measures to de-

termine the extent of peripheral arterial disease are performed

annually or every 2 years, respectively, on women 40 years of

age or older. Colposcopy and biopsy are performed, as clinic-

ally indicated. Women who need additional evaluation

and/or treatment of health conditions are referred to appro-

priate providers. In addition to clinical data, the WIHS col-

lects haematological, metabolic, immunological, genetic and

virological data. The following sections describe several spe-

cial study modules that operate at varying intervals.

Neurocognition

Incorporation of neurocognitive testing has facilitated HIV-

associated neurocognitive disorder (HAND) research.6

Every 2 years since April 2009, all English-speaking partici-

pants have performed neurological and neurocognitive

function tests, including: psychomotor speed and attention

(Symbol Digit Substitution Test), gross motor speed (timed

gait), fine motor speed and coordination (Grooved

Pegboard), visuo-motor speed and executive function (Trail

Making Test Part A and B), working memory/executive

function (Letter Number Sequencing), executive function

(Stroop, Letter Fluency; FAS), semantic fluency (animals)

and verbal memory (Hopkins Verbal Memory Test-Revised

and Brief Visual Memory Test). Participants who speak

only Spanish undergo more limited testing. The Wide

Range Achievement Test-3 (WRAT-3) was administered

once during each participant’s first neurocognitive test.

Geocoding

Because neighbourhood characteristics affect health,7 the

WIHS has used ArcGISTM (Esri, US) to geocode the resi-

dence of consenting participants annually since 2013.

ArcGIS matches each participant’s geocoded location to a

Federal Information Processing Standard (FIPS) code that

identifies geographical locations. Each site creates a limited

dataset that contains only the participants’ FIPS codes (at

the census block group level) and WIHS identification (ID)

numbers. The WIHS links the FIPS codes to census-linked

datasets, such as the American Community Survey, to cre-

ate group-level variables that describe neighbourhood

characteristics. The WIHS creates individualized context-

ual datasets for investigators which only contain the WIHS

ID and the value of the specific group-level variables re-

quested by the investigator (e.g. percentage of individuals

under the federal poverty line). Residences of 89% of HIV-

seropositive and 92% of HIV-seronegative active partici-

pants have been geocoded.

Host genetics

Several WIHS studies have examined the genetic character-

istics of cohort participants and their association with key

study outcomes. These include candidate gene analyses

and whole-exome studies of selected participant subsets, as

well as WIHS-wide genotyping (Haemoglobin S,

Haemoglobin C, CCR5D32, APOE). Viable cells are avail-

able in the WIHS specimen repository for epigenetics re-

search. Genome-wide data have also complemented

clinical, imaging, biochemical, biological and sociodemo-

graphic studies. WIHS benefits from considerable genetic

diversity. A total of 74% of all 4982 WIHS participants

(63% of 2363 active WIHS participants) consented to and

have undergone genome-wide association study (GWAS)

testing; genome-wide data from 4789 participants are



available for analysis. Investigators have genotyped DNA

isolated from peripheral blood mononuclear cells, which

are maintained in the WIHS DNA Repository. About 2.5

million common single nucleotide polymorphisms (SNPs)

and 2.5 million rare SNPs have been identified. The WIHS

GWAS analytical support group performs quality control

of WIHS genomic data and provides analytical and bio-

informatics support to investigators.

Liver disease

Participants underwent hepatitis C virus (HCV) antibody

testing at or shortly after enrolment and, among HCV-

seropositive participants, HCV RNA testing was performed

to determine clearance or persistence of infection. HCV

RNA quantification is also performed at least 12 weeks after

HCV treatment to determine achievement of cure. Periodic

HCV antibody and HCV RNA testing has detected incident

HCV infections. WIHS has documented HCV infection in

29% of the cohort, and over 400 women have cleared HCV

infection (either spontaneously or through treatment).

The cohort represents a unique opportunity to evaluate

the effects of HCV mono- and co-infection and HCV treat-

ment, substance use and obesity on liver disease among

women. WIHS measures serum biomarkers [aspartate

aminotransferase-to-platelet ratio index (APRI) and

Fibrosis-4 (FIB4) score] to estimate the severity of liver fi-

brosis. In addition, WIHS participants undergo transient

elastography [via FibroScanVR 502 Touch device with

CAPTM software (Echosens, Paris)] to evaluate extent of

liver fibrosis and steatosis according to standardized proto-

cols, which are performed by trained and certified WIHS

staff. These data allow longitudinal analysis of the progres-

sion of liver fibrosis and steatosis.

Antiretroviral pharmacology

WIHS supports one of the largest and most diverse datasets

focused on antiretroviral pharmacology, with intensive

pharmacokinetic data for a number of antiretroviral drugs

and a database that includes 2000 measurements of anti-

retroviral drugs in scalp hair and individual plasma

samples.

Specimen repository

In addition to data that are accessible to researchers, the

study maintains a repository of biological specimens,

including serum, plasma, urine, peripheral blood mononu-

clear cells, oral fungal cultures, hair, cervico-vaginal lavage

and cervical swabs that are collected at each visit for all

participants. Also available are plasma anti-Müllerian hor-

mone levels, a biomarker of ovarian reserve that estimates

the time of onset of menopause. Table 4 outlines the type

and quantity of each specimen collected and the number of

specimens available in the repository.

Key findings

The WIHS has yielded more than 800 publications to date,

see [http://statepi.jhsph.edu/wihs/wordpress/wp-content/up

loads/2015/12/wihs_archives.pdf]. Below we outline a few

of the study’s major findings.

The WIHS has documented the dramatic changes in

mortality and its contributing factors among WWH since

the early years of the epidemic. After the advent of

HAART, the age- and sex-specific standardized mortality

ratio of 24.7 in 1996 fell to a mean of about 10.3 in 2001-

04, and causes of mortality shifted from a predominance of

AIDS to non-AIDS causes, such as overdose, trauma,

Table 4. Summary of Women’s Interagency HIV Study specimen repository

Type of specimen Volume of specimen No. of specimens stored

HIVþN ¼ 3677 HIV- N ¼ 1305

Serum 0.5, 1.0 or 1.8 ml aliquots 251584 94539

Plasma 0.5, 1.0 or 1.8 ml aliquots 332191 125460

Viable PBMC cells > 5 million cells per aliquot 126106 52449

PBMC pellets 0.5 or 2 million cells per aliquot 284118 103761

Urine (clean void) 1.0 or 5.0 ml aliquots 37992 13305

Urine supernatant 1.0 ml aliquots 37404 15587

Whole CVL 1.0 or 1.5 ml aliquots 266442 104093

CVL supernatant 0.5 or 1.0 ml aliquots 16017 4847

CVL pellet (suspended) > 2.5 million cells per aliquot 5187 6586

Cervical swab 1 swab 38075 15609

Oral fungal culture (mouth scrapings) 1 swab 2165 650

Vaginal fungal culture 1 swab 1763 629

PBMC, peripheral blood mononuclear cells; CVL, cervico-vaginal lavage.

http://statepi.jhsph.edu/wihs/wordpress/wp-content/uploads/
http://statepi.jhsph.edu/wihs/wordpress/wp-content/uploads/
http:///12/wihs_archives.pdf


cancer, liver disease and heart disease by 2003.8 Although

survival increased with improvements in ART, PWH con-

tinued to die earlier; in both the WIHS and the Multicenter

AIDS Cohort Study (MACS) (a prospective cohort of men

with and at risk for HIV infection), PWH died a median

7.6 years earlier than their HIV-seronegative counterparts.

Whereas the proportion of non-AIDS causes of death was

similar between women and men with HIV after HAART’s

introduction (47% vs 50%), among PWH who died of

non-AIDS causes, women have had substantially lower life

expectancies than men (median age at death 55.9 vs 66.0

years).9 An earlier study of WIHS and MACS participants

revealed higher death rates due to accident or injury among

women (2.96 deaths per 1000 person-years among both

HIVþ and HIV-) than men (0.79 for HIVþ and 0.63 for

HIV-), with differing risk factors for death among men

(higher education, symptoms of depression and more sex

partners) and women (lower CD4þ T cell count, un-

employment, increased alcohol use and injection drug

use).10 WIHS mortality analyses also demonstrated that

among WWH, Black women died at nearly double the rate

of White women, even after adjusting for confounders

known to be associated with death due to HIV infection.11

WIHS participants also contributed to an early landmark

study of patients in care between 1996 and 2005, which

demonstrated the survival benefits of early initiation of

ART at CD4þ T cell counts above the previously recom-

mended threshold.12

Cardiovascular disease has emerged as a significant

cause of morbidity among PWH. A cross-sectional analysis

of carotid ultrasound examinations among MACS and

WIHS participants established low CD4þ T cell count

(< 200 cells/ml) as a major risk factor for atherosclerosis

among PWH.13 A prospective evaluation using carotid

ultrasonography of men and women in the MACS and

WIHS demonstrated an association of HIV infection with

progression of subclinical carotid atherosclerosis, as evi-

denced by a 1.6-fold greater risk of new plaque formation

after adjusting for cardiac and metabolic risk factors.14

WIHS has enhanced our understanding of the natural

history of HPV infection among women with HIV. WIHS

studies have documented the increased prevalence of

human papillomavirus (HPV) infection, including onco-

genic HPV types,15 abnormal Pap tests16 and cervical pre-

cancerous lesions.17 Despite the higher prevalence of HPV

among WWH, the risk of invasive cervical cancer is only

modestly increased among WWH who undergo regular

screening,18 a finding that has informed cervical cancer

screening guidelines for this population.

Assessment of severity of liver disease is important in

counselling women with HIV-hepatitis C virus (HCV) co-

infection. Studies of HIV-HCV co-infected WIHS

participants revealed that although Black women are less

likely to spontaneously clear HCV infection than Hispanic

or Caucasian women,19 they are also less likely than

Caucasian and Hispanic women to die of liver disease, a

finding that had not previously been reported in women.20

Non-invasive assessment of liver disease severity has

become increasingly important in evaluation of HCV infec-

tion. The WIHS has demonstrated the utility of non-

invasive serum markers, such as APRI, FIB-4 and enhanced

liver fibrosis (ELF), for assessing liver fibrosis severity and

predicting mortality among women with HCV.21–23

HIV’s impact on neurocognitive function among men

has been well described, but neurocognitive function

among WWH has received relatively little research atten-

tion. Early studies among WIHS WWH revealed deficits in

episodic verbal memory which correlated with neuroimag-

ing evidence of hippocampal dysfunction, suggesting an ef-

fect of HIV on the neurological systems that govern verbal

memory.24 Neurocognitive testing in another WIHS study

identified an interaction between HIV infection and recent

cocaine or heroin use on verbal learning and memory, with

recent illicit drug use affecting only WWH.25 Despite the

worse performance of WWH on tests of verbal learning,

delayed recall and recognition and psychomotor speed and

attention, the effect of HIV on cognition was small; other

factors such as reading level, age and years of education

had a greater effect than HIV infection on cognitive

performance.6

Intensive drug pharmacokinetic studies have revealed

factors associated with elevated anti-retroviral drug levels

among Black and Hispanic women, groups that are often

poorly represented in pre-marketing studies.26 The WIHS

has evaluated antiretroviral drug concentrations in hair, as

a non-invasive measure of long-term drug exposure. The

WIHS has demonstrated a relationship between concentra-

tions of antiretroviral drugs in hair and HIV suppres-

sion,27,28 and has also shown a relationship between

genetic markers associated with decreased metabolism of

some antiretrovirals and increased drug concentrations in

hair.29

Strengths and limitations

The cohort’s strengths have made it a major platform for

women’s HIV research: a large sample size, collection of

rich clinical, behavioural and laboratory data at 6-month

intervals and a large diverse biospecimen repository that

spans more than 20 years. The control group is well

matched to WWH with respect to demographic, behav-

ioural and other risk characteristics. The cohort is espe-

cially unique in its racial/ethnic diversity and inclusion of

large numbers of women of colour and women of lower



socioeconomic status, who mirror the HIV epidemic

among US women. The interval cohort design of the

WIHS, with data collection at specified time points, has

several advantages over the clinical cohort design; interval

data collection renders the data more uniform and com-

plete than is typically afforded by clinical cohorts. WIHS

recruited women from both clinical and non-clinical set-

tings. Although study staff facilitate participants’ care by

referring them for clinical, social and other services, some

participants struggle to maintain access to care. Inclusion

of participants from outside clinical settings allows more

accurate reflection of WWH, including those who do not

receive consistent HIV care.

A major challenge of the WIHS is intrinsic to observa-

tional cohorts: potential confounding restricts ability to

make causal inferences. Randomized controlled trials per-

mit causal inferences between exposures and outcomes,

but their generalizability is often limited. The success of

the WIHS is due in large part to the dedication of its par-

ticipants, many of whom have remained in the study for

decades, but this very characteristic likely limits the study’s

generalizability to the entire population of WWH in the

USA. In addition, participants in clinical trials and other

studies sometimes experience improved outcomes com-

pared with non-participants—due to better care, behaviou-

ral changes and/or possibly other unknown factors.30,31

Nevertheless, enrolment of new participants over four

enrolment periods during the greater than 20-year span of

the study has helped to ensure the cohort’s continued re-

flection of US women who are affected by HIV.

Can I get hold of the data? Where can I find
out more?

The WIHS welcomes collaborations with investigators.

Information on proposing new studies and analyses, data

and specimens is available at [wihshealth.org]. The WIHS

also provides de-identified data in its Public Use Dataset,

which is updated annually and may be obtained by submit-

ting a data request form.
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