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Abstract: This analysis investigates the relationship between drought and antiretroviral treatment (ART)

adherence and retention in HIV care in the Hlabisa sub-district, KwaZulu-Natal, South Africa. Data on

drought and ART adherence and retention were collated for the study period 2010–2019. Drought was

quantified using the 3-month Standard Precipitation Evapotranspiration Index (SPEI) and Standard Precip-

itation Index (SPI) from station data. Adherence, proxied by the Medication Possession Ratio (MPR), and

retention data were obtained from the public ART programme database. MPR and retention were calculated

from individuals aged 15–59 years who initiated ART between January 2010 and December 2018 and visited

clinic through February 2019. Between 01 January 2010 and 31 December 2018, 40,714 individuals started ART

in the sub-district and made 1,022,760 ART visits. The SPI showed that 2014–2016 were dry years, with partial

recovery after 2016 in the wet years. In the period from 2010 to 2012, mean 6-month MPR increased from 0.85

in July 2010 to a high of 0.92 in December 2012. MPR then decreased steadily through 2013 and 2014 to 0.78

by December 2014. The mean proportion retained in care 6 months after starting ART showed similar trends

to MPR, increasing from 86.9% in July 2010 to 91.4% in December 2012. Retention then decreased through

2013, with evidence of a pronounced drop in January 2014 when the odds of retention decreased by 30%
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(OR = 0.70, CI = 0.53–0.92, P = 0.01) relative to the end of 2013. Adherence and retention in care decreased

during the drought years.
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INTRODUCTION

Drought is one of the world’s most devastating climate

hazards, particularly in regions with an annual rainfall of

less than 500 mm (Ujeneza and Abiodun 2014). In

Southern Africa, the annual rainfall of most areas is less

than 500 mm and the occurrence of drought is often

associated with food insecurity. Drought affects all four

pillars of food security: availability, access, utilisation, and

stability. For example, food availability is reduced by

drought-related reductions in the productivity of crops,

livestock, and fish (Mbow et al. 2019) (Lesk et al. 2016).

These drops in productivity can also reduce access to food

as the food purchasing power of households is reduced. In

turn, food insecurity is associated with a range of poor

health outcomes including increased risks of some birth

defects, anaemia, cognitive problems, and aggression and

anxiety (Berry et al. 2010; Gundersen and Ziliak 2015).

To date, only a few studies have investigated the im-

pact of drought on HIV (Burke et al. 2015; Low et al. 2019,

Austin et al. 2020). A study used data from 200,000 indi-

viduals from 19 countries to investigate the impact of local

rainfall shocks on HIV prevalence. The authors found a

statistically significant increase in infection rates in HIV-

endemic rural areas by 11% for every recent drought. This

was attributed to income shocks from the drought. How-

ever, this study did not investigate the impact of drought

on HIV treatment and care (Burke et al. 2015). A study

nested within the Lesotho Population-Based HIV Impact

Assessment undertaken after the severe drought of 2014–

2016 found an association between drought and higher

HIV prevalence in young women in rural areas (Low et al.

2019). The study did not find an association between

drought and awareness of HIV status, reported ART use

and virologic suppression. However, this study had a few

limitations; it was conducted after the drought and its

cross-sectional design limited the ability to assign causality

for observed associations. The drought was also very

widespread with the majority of individuals (94%) living in

drought-affected areas which could have limited the power

of the study to address some of its objectives (Low et al.

2019). Another study concluded that drought was driving

HIV transmission amongst vulnerable women in rural

societies and proposed food insecurity as a mechanism

(Austin et al. 2020).

While drought is only one of several factors affecting

food security, we have also shown that it affects other non-

food security factors that impact antiretroviral treatment

(ART) adherence, such as migration and psychosocial is-

sues disrupting interactions with health services (Orievulu

et al. 2022a, b; Orievulu et al. 2022a, b). Nevertheless,

multiple studies have shown an association between food

insecurity and poor ART outcomes mediated through de-

creased adherence, poor absorption of antiretroviral drugs

and economic constraints (Weiser et al. 2010; Bartelink

et al. 2015; Iwuji et al. 2018).

In October 2014, KwaZulu-Natal declared a state of

disaster due to the devastating effects of the El Niño-related

drought being experienced across the country, with uM-

khanyakude being one of the hardest-hit districts. Other

provinces were also impacted by the drought with severity

increasing in 2015 and expected to last until early 2016

culminating in many of the provinces declaring a state of

disaster (South African Government 2015).

The consequent food shortages resulted in massive

importation of food crops (like maize) to bridge resultant

production shortfalls (Baudoin et al. 2017; Mare et al.

2018). This resulted in increase in the cost of food, further

putting pressure on rural societies whose livelihoods were

already precarious from pervasive poverty and the catas-

trophic costs of accessing care due to the high HIV and

tuberculosis burden (Mudzengi et al. 2017).

South Africa has the largest global burden of HIV, with

7.8 million people living with HIV (PLHIV) in 2020 and

the biggest ART programme (UNAIDS 2021). UNAIDS

aims to eliminate HIV/AIDS as a public health threat by

2030 by ensuring 95% of PLHIV are diagnosed, 95% of

those diagnosed on ART, and 95% of those on ART are

virologically suppressed (UNAIDS 2014). Achieving these

goals requires PLHIV to adhere lifelong to ART. In previ-

ous research, we developed a conceptual framework on

how drought might affect the ability of PLHIV to adhere to

treatment and remain in care (Orievulu et al. 2022a, b;

Orievulu et al. 2022a, b).
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Our study aims to investigate the impact of drought on

ART adherence and retention in HIV care in rural Hlabisa,

a sub-district in uMkhanyakude, KwaZulu-Natal. We

hypothesise that the added shock from drought contributes

to PLHIV prioritising livelihood sustenance over their

health resulting in poor ART adherence and disruption in

HIV care.

METHODS

Study Design

We undertook an interrupted time series analysis (Bhas-

karan et al. 2013; Bernal et al. 2017) of routinely collected

data from 17 public sector primary care clinics in the

Hlabisa sub-district, KwaZulu-Natal, South Africa. The

Africa Health Research Institute (AHRI) through its pop-

ulation intervention programme has access to the national

HIV care electronic patient records system (TIER.Net) used

in all public sector clinics through a memorandum of

understanding with the KwaZulu-Natal Provincial

Department of Health.

Study Setting

The Hlabisa sub-district is one of five sub-districts in the

uMkhanyakude district municipality. The district has a

population of 625,846 and is one of the most economically

deprived districts in South Africa with extreme poverty;

about 5% of adults have completed a higher education, 4%

are covered by a medical aid scheme and unemployment

rate is 62% (Gareta et al. 2021). About 53% of households

are involved in agricultural activities compared to an

average of 38% for the KwaZulu-Natal province (Let’s

Respond). KwaZulu-Natal is the epicentre of the HIV

epidemic in South Africa with prevalence among resident

men and women aged 15–54 years in the Hlabisa sub-dis-

trict in 2018 being 19% and 40%, respectively (Gareta et al.

2021). ART has been provided free of charge since the start

of the HIV treatment programme in 2004, and TIER.Net

was rolled out in 2010 (Osler et al. 2014).

Participants and Procedures

Participants were individuals aged 15–59 years who were

registered for HIV care and started ART in one of the 17

public ART clinics in the Hlabisa sub-districts between

January 2010 and December 2018, with clinic visits through

February 2019. TIER.Net has information on all HIV-

positive individuals on ART including unique South Afri-

can Identification number, age, sex, date of ART initiation,

viral load results and dates, CD4 count results and dates,

type of ART regimen, status of the individual (whether still

in care, lost to follow up or dead), and dates of clinic

attendance. A subset of these individuals were interviewed

as part of a qualitative study to gain a further under-

standing of the economic, social and demographic impact

of the drought on HIV treatment adherence with results

published elsewhere (Orievulu et al. 2022a, b).

Drought Quantification over Hlabisa Sub-District

The study analysed observational gridded and station da-

tasets between 1995 and 2018. The observation data include

monthly temperature and rainfall from the Climatic Re-

search Unit Version 4.06 dataset (hereafter CRU) as is

accessible from https://crudata.uea.ac.uk/cru/data/hrg/

(Harris et al. 2014). The CRU dataset covers all land

areas (excluding Antarctica) at a 50 km resolution. The

study also analysed monthly rainfall and temperature sta-

tion data from the Riverview (32.1820�E; 28.4440�S) and

Charters Creek (32.4140� E; 28.1970�S) rainfall weather

stations, which were provided by the South African

Weather Service. The CRU data were used to calculate

drought over the entire Hlabisa sub-district (27.92�S–

28.52�S; 32.79�E–32.62�E), while the station data were used

to calculate drought near Riverview and Charters Creek

which were the weather stations closest to the clinics and

surrounding communities that contributed data to this

analysis.

The 3-month Standard Precipitation Evapotranspira-

tion Index (SPEI) (Vicente-Serrano et al. 2010) and Stan-

dard Precipitation Index (SPI) (McKee et al. 1993) were

used to quantify drought over the Hlabisa sub-district for

each of the observational datasets between 2010 and 2018.

There were slight variations in drought estimates according

to the data source and type of drought measurements used

(supplementary appendix; Figure S1 & Figure S2).

Outcomes

The primary outcomes for the current study were the ART

medication possession ratio (MPR) during the 6-month

interval after ART initiation, and retention in care

6 months after ART initiation. We calculated the MPR as

[number of days with ART tablets]/[number of days in the
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interval]. For individuals who transferred to another clinic

or died within the 6-month interval, we ended the interval

on the day of transfer out or death. For all others, the

interval ended 6 months after ART initiation, irrespective

of whether the individual was attending clinic visits.

Retention in care was assessed at 6 months after ART ini-

tiation (retained vs. not). Individuals who were recorded in

TIER.Net as having transferred their care to another clinic

were considered retained in care. Individuals who had not

attended the clinic for > 3 months were considered lost to

follow-up. For both outcomes, we used data from indi-

viduals who initiated ART between January 2010 and

December 2018 and visit data through February 2019.

Statistical Analysis

To summarise the data, we tabulated demographic char-

acteristics and graphically depicted monthly trends in MPR

and retention from 2010 to 2019. We then did an inter-

rupted time series analysis of MPR by fitting a segmented

linear regression model with Newey–West standard errors

to account for autocorrelation and heteroskedasticity. We

analysed retention using logistic regression with generalised

estimating equations (GEE). For both analyses, we divided

time into intervals chosen a priori based on the period of

drought as reported by the South African government and

allowed separate slopes and intercepts for each: (1) July

2010–December 2012; (2) January–December 2013; (3)

January–December 2014; (4) January–December 2015; (5)

January–December 2016; and (6) January 2017–February

2019. We used separate 1-year segments from 2013 to 2016,

to allow the effect of drought on MPR and retention to vary

from year to year and reduce the parametric assumptions

over that period. We ran separate models stratified by sex,

and by age group (15–24 years and 25–59 years) and ad-

justed for median CD4 count at ART initiation in year. We

analysed data using Stata/IC version 17.0.

Ethical Approval

This study was approved by the Biomedical Research Ethics

Committee of the University of KwaZulu-Natal, South

Africa (BREC Ref: BE004/19) and the Research Governance

and Ethics Committee of the Brighton and Sussex Medical

School (Ref: ER/BSMS9B5G/2).

RESULTS

Characteristics of Study Participants

Between 01 January 2010 and 31 December 2018, 40,714

individuals started ART in the sub-district and made

1,022,760 ART visits by 28 February 2019 (Table 1). Their

median (IQR) age was 30 (24–38) years, and 68% were

women. Of the 40,714 individuals, over a third (37%)

started ART in 2016–2018.

Drought Trend in the Hlabisa Sub-District

During the study period, all datasets showed similar

agreement in SPEI and SPI droughts over the sub-district.

For instance, most datasets showed drought between Jan-

uary and June 2010, while all datasets showed drought

between 2014 and 2016, albeit with some discrepancies

(supplementary appendix; Figure S1 & Figure S2). Al-

though the observational datasets showed similar results in

drought indices over the sub-district, the Riverview-SPI

better captured droughts in Hlabisa as reported by the

South African government (Fig. 1) (South African

Government 2015). Given that, the results of this section

will focus on the Riverview-SPI as an indicator for drought

over the sub-district.

Figure 1 shows the interannual variability of River-

view-SPI droughts over the Hlabisa sub-district. The SPI

shows abnormal wetness (+ ve SPI) for much of 2011, 2012

and early 2013 (Jan–Feb), neutral conditions in early 2014

and 2015, and drought conditions (-ve SPI) in mid-2013,

much of 2014, late 2015 (Jul–Dec) and early 2016 (Jan–

Jun). From July 2016 to 2018, SPI showed more wet con-

ditions for Hlabisa.

MPR and Retention in Care

In the period from 2010 to 2012, mean 6-month MPR

increased from 0.85 in July 2010 to a high of 0.92 in

December 2012 (Table 2, Fig. 2a). MPR then decreased

steadily through 2013 and 2014, to 0.78 by December 2014.

MPR began to increase again in 2015 to 0.84, but never

reached the levels seen at the end of 2012, and instead

remained between 0.78 and 0.80 through end 2018. Similar

trends were seen when stratified by sex, although the de-

cline in 2013 and drop at the start of 2014 was more

pronounced among women (Table 2, Fig. 3a). When

stratified by age, mean MPR in individuals aged 15–

The Impact of Drought on HIV Care in Rural South Africa 181



24 years was consistently lower than in individuals aged

25–59 years, although the trends (slopes) in each period

were similar (Table 2, Fig. 4a). Younger individuals had a

significant drop in mean MPR at the start of 2014, from

0.76 in December 2013 to 0.66 in January 2014.

The mean proportion retained in care 6 months after

starting ART showed similar trends to MPR, increasing

from 86.9% in July 2010 to 91.4% in December 2012

(Table 3, Fig. 2b). Retention then decreased through 2013,

with evidence of a pronounced drop in January 2014 when

the odds of retention decreased by 30% (OR = 0.70, CI =

Table 1. Demographic characteristics of individuals starting ART at 17 clinics in Hlabisa, uMkhanyakude district.

ART initiations N (col%) ART visits N (col %)

Year

2010–2012 11,711 (28.8%) 157,776 (15.4%)

2013–2015 13,892 (34.1%) 371,262 (36.3%)

2016–2018 15,111 (37.1%) 470,070 (46.0%)

Jan–Feb 2019 N/A 23,636 (2.3%)

Age group

0–14 1919 (4.7%) 60,204 (6.0%)

15–24 8322 (20.4%) 112,855 (11.0%)

25–44 24,846 (61.0%) 640,962 (62.7%)

45–59 4768 (11.7%) 173,917 (17.0%)

� 60 858 (2.1%) 34,805 (3.4%)

Median (IQR) age 30 (24–38) years 34 (27–42) years

Sex

Men 12,896 (31.7%) 305,583 (29.9%)

Women 27,818 (68.3%) 717,177 (70.1%)

Total 40,714 1,022,760

Figure 1. The interannual variability of the Standard Precipitation Index (SPI) measured using Riverview station data over the Hlabisa sub-

district.

182 C. Iwuji et al.
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0.53–0.92, P = 0.01) relative to the end of 2013. As with

MPR, retention began to increase again in 2015 and

reached 89.5% by the end of 2016. When stratified by sex,

the decrease in retention between 2012 and 2013 was

greater among women than men, although the drop in

January 2014 was smaller, with the odds of retention

decreasing by 24% in women vs 45% in men (Table 3,

Fig. 3b). When stratified by age, similar to MPR, mean

retention was consistently lower in younger individuals

than in older ones, but the trends over time were similar

(Table 3, Fig. 4b). Among younger individuals, there was

good evidence of a sizeable drop in retention in January

Figure 2. Overall medication possession ratio (MPR) during the first 6 months (a) and retention in care 6 months (b) after ART initiation at

17 clinics in Hlabisa sub-district, KwaZulu-Natal, from 2010 to 2019, with SPI from Riverview station data. a Scatterplot represents mean

proportion of days covered for each week during the observation period; solid black lines represent the predicted values estimated by linear

regression with Newey–West standard errors. b Scatterplot represents mean proportion retained each week during the observation period; solid

black lines represent the predicted values estimated by GEE logistic regression.
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2014, when the odds of retention decreased by 39%

(OR = 0.61, 95%CI = 0.42–0.90, P = 0.01) compared with

the end of 2013.

DISCUSSION

Our results show a marked decrease in ART adherence as

measured by MPR during the drought years with no full

recovery of adherence during the wet years. The decrease in

adherence differed by sex and age with adherence being

worse in women than men and in those aged between 15

and 24 years. While adherence in women returned to the

level in men in Jan 2017 to Dec 2018, this recovery in

adherence did not occur in younger individuals. There was

also a marked drop in retention in care at the start of the

drought years followed by some recovery and then, a dip

Figure 3. Medication possession ratio (MPR; a), and retention in care (b), 6 months after ART initiation at 17 clinics in Hlabisa sub-district,

KwaZulu-Natal, from 2010 to 2019, stratified by sex. Scatterplot represents mean values each week during the observation period; solid lines

represent the predicted values estimated by linear regression (MPR, a) and GEE logistic regression (retention, b).
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again towards the end of the observation period. Similarly,

the decrease in retention in care was more marked for

women than men and in younger individuals than older

individuals. These findings suggest that the dry spells in

rural Hlabisa could have negatively impacted HIV treat-

ment and care.

Drought years calculated from the Riverview-SPI,

which typically coincide with El Nino events while wet

years coincide with La Nina events in the Hlabisa subdis-

trict, are consistent with previous studies which found

similar results over the Southern African region (Gore et al.

2020; Maoyi and Abiodun 2021, 2022). That is because El

Nino years are characterised by anomalous upper tropo-

Figure 4. Medication possession ratio (MPR; a), and retention in care (b), 6 months after ART initiation at 17 clinics in Hlabisa sub-district,

KwaZulu-Natal, from 2010 to 2019, stratified by age group. Scatterplot represents mean values each week during the observation period; solid

lines represent the predicted values estimated by linear regression (MPR, a) and GEE logistic regression (retention, b).
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spheric convergence (at 200 hPa) over the Southern Afri-

can domain leading to increased subsidence and drought

conditions, while La Nina years were characterised by

anomalous upper tropospheric divergence (at 200 hPa)

which may lead to enhanced convection and increased

rainfall over the region (Maoyi and Abiodun 2021, 2022).

The years 2014, 2015 and 2016 were particularly dry years

in Hlabisa, as demonstrated by the SPI. Furthermore, these

three years coincided with the 2014/2016 El Nino, which

was the strongest ever recorded El Nino event since the

1997/1998 El Nino event (World Meteorological Organi-

zation 2015). On the other hand, the 2011–2012 SPI

showed anomalous wetness, which is consistent with the La

Nina event during those years.

Our key findings contribute to the plausible mecha-

nisms by which drought may have resulted in a decrease in

ART adherence and retention in care and draw attention to

particularly vulnerable population groups such as women

and youth. This is an interesting research finding con-

firming similar trends observed in another study which

found increased suicide rates amongst women and youth

during periods of extreme heat and humidity (Florido Ngu

et al. 2021).

We hypothesise that drought may have exacerbated

existing social vulnerabilities such as pervasive poverty, as

well as patriarchal power relations and social barriers based

in gender and age roles resulting in PLHIV prioritising

livelihood sustenance over health-seeking behaviour. There

is extensive literature describing how inherent gendered

social structures particularly impact women and youth in

times of environmental stress and shocks (Ayeb-Karlsson

2021; Florido Ngu et al. 2021). This manifested in the form

of poor ART adherence and retention in care in this setting.

A recent study utilised data from 91 low-income

countries to explore the direct and indirect influence of

drought and food insecurity upon women’s vulnerability to

HIV. The study found that droughts are associated with

HIV transmission among vulnerable women in poor

countries and that food insecurity is a key mechanism in

driving this relationship (Austin et al. 2020). Food inse-

curity has direct effects on HIV acquisition through macro-

and micro-nutrient deficiencies with women being more

likely to be food insecure than men (Friis 2005; Gillespie

and Kadiyala 2005). This is often explained by gendered

power relations leading women to eating less or skipping

meals in periods of climatic stress to ensure that men, who

often are the financial household providers, have sufficient

amount of food. Indirectly, food insecurity negatively im-

pacts women’s socio-health status, including education,

fertility, and access to medical care (Belachew et al. 2011;

Hadley et al. 2012). Similarly, the unequal gender structure

in low-income settings often pushes women and girls into

child marriage, prostitution, transactional sex and other

forms of risky sexual behaviour (Tsai and Weiser 2014;

Pellowski et al. 2018; Masa et al. 2019).

As women are largely responsible for the household

environment in low-income countries, climate-related

environmental degradation such as drought could lead to

increased difficulties in women securing access to food,

drinking water, or other basic elements. Women are typi-

cally responsible for taking care of the household and

children, as well as the bulk of the cooking, harvesting, and

growing of food, and fetching water. This places a dispro-

portionate burden on women who are sometimes socially

punished or described as ‘less of a woman’ when under

pressure from household chores during periods of climatic

stress. Hence, we hypothesise that women were more likely

to avoid, delay or wait longer to access health services

(Gillespie and Kadiyala 2005; Hadley et al. 2012). Men are

generally not as burdened by the household chores as they

tend to work outside of the home, or manage agricultural

and livestock resources that generate income (Agarwal

1997; Hovorka 2006). These differences in role between

men and women may provide some explanations to our

findings. However, studies in Africa that have examined

retention in care in PLHIV outside the context of drought

have found retention to be worse in men than women

(Geng et al. 2010). Our findings that retention was worse in

younger PLHIV is corroborated by another study in the

same setting which investigated retention in individuals on

ART during a period that included the drought years

(Gosset et al. 2018). The relationship between age and

adherence in South Africa was not consistent across studies

with a few studies showing no association (Peltzer et al.

2010; Adakun et al. 2013; Iwuji et al. 2018).

Interviews carried out in a related qualitative study to

inform the contextual reasons around our findings identi-

fied three interdependent themes elucidating the complex

relationships between drought and HIV ART adherence

namely; 1) economic (disrupted incomes, livelihoods and

food systems), 2) social (water access, hygiene and sanita-

tion challenges) and 3) demographic (human mobility)

(Orievulu et al. 2022a, b). Suboptimal adherence and

retention in care were often due to complex interacting

socio-economic and demographic factors exacerbating

existing social vulnerabilities such as poverty while eroding

188 C. Iwuji et al.



existing coping mechanisms. The drought resulted in food

insecurity through loss of assets, crop or production failure

and selling off assets due to disrupted incomes (Orievulu

et al. 2022a, b).

For example, as explained by a woman who was not in

care at the time of the interview.

Because of the drought I am not able to eat and take

my pills. However, when there is no drought

I am able to farm and … I take my vegetable, and

make whatever I make, eat and drink my pills.

[Woman, 49 years]

About 53% of households in our study communities

depend on agricultural activities for their livelihoods (Let’s

Respond). Another study in the Hlabisa-sub-district done

during the drought period found that over 40% of

households in the sub-district were food insecure and being

food insecure was associated with poor ART adherence

(Iwuji et al. 2018). A Ugandan study showed that there is

the belief that taking ART on an empty stomach will

exacerbate side effects; hence, individuals skip their medi-

cations when there is no food.(Weiser et al. 2012) Our

research findings reinforce impact of drought on food

security and how this is linked to poor health outcomes

(Berry et al. 2010; Gundersen and Ziliak 2015).

The drought increased the costs of food due to harvest

failure (Mail and the Guardian 2016) while also resulting in

a higher percentage of income being spent on food leaving

little to pay for the transport costs to visit the clinics. Lack

of transport fares has been shown to be associated with

poor adherence and retention in care (Ehlers and Tshisuyi

2015; Adeniyi et al. 2018). This was confirmed by another

woman who also was out of care at the time of the inter-

views undertaken in a prior qualitative study (Orievulu

et al. 2022a, b).

I missed (my) clinic appointment due to shortage of

transport fare…. Let me put it like that. It happens

that I am saving money to visit the clinic perhaps on

the 20th of the month… [only] to find that money is

not enough. Kids on the other side are complaining

about bread. I then perhaps take this money and buy

bread for them and say to myself the date … is still

far. When the 20th comes, I have not been able to

replace the money I took. As a result, I do not go to the

clinic.

[Woman, 56 years].

Our research participants, mostly women, described

how they had to wake up early in the morning to travel

long distances in search of water. On some occasions, they

therefore had to miss their clinic appointments as they

prioritised getting water for drinking and cooking. Other

research studies have shown that people usually move their

livestock to areas where the drought is less severe in periods

of climatic stress (Bosongo et al. 2014; Eyassu et al. 2016;

Nawrotzki et al. 2016). Migration away from usual resi-

dence has similarly also been shown to be associated with

poor ART adherence and disengagement from care (Lar-

marange et al. 2018).

The strengths of our study include the use of a large

dataset comprising over 40,000 PLHIV that allowed us to

examine trends in ART adherence and retention in care

over a long duration. We used an interrupted time series

design, which is a robust and methodologically sound ap-

proach for evaluating the impact of exposures that cannot

be randomised, in a real-world setting. We used the SPI to

derive the segments for our regression model a priori and

adjusted for CD4 counts at ART initiation to take account

for changes in ART treatment guidelines and the evolution

of the HIV epidemic. We also undertook a qualitative study

to contextualise our findings (Orievulu et al. 2022a, b).

Our study had a few limitations. There may have been

time-varying social or development-related factors that

were associated with drought and potentially confounded

the association with HIV care outcomes. We did not have

data on these other factors or individual-level factors such

as food insecurity, or a control group in another part of

South Africa; however, one of the assumptions of inter-

rupted time series analyses is that these factors would have

changed relatively slowly over time at the population level

and are partially accounted for by modelling the time

trends (Bhaskaran et al. 2013; Bernal et al. 2017).

Attributing impact to climatic changes is highly complex,

and particularly when it involves human behaviour and

responses. MPR is a proxy for adherence but cannot reveal

whether an individual actually took their medication and

may overestimate adherence (Lam and Fresco 2015). A

hard outcome such as viral load suppression provides a

better measure of adherence; however, our previous studies

in this population have shown viral load monitoring to be

sub-optimal and a large proportion of measurements are
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missing from TIER.Net (Iwuji et al. 2020). Additional

limitations include missing data in TIER.Net owing to

incomplete capturing of information, or transfers out to

other facilities being misclassified as LTFU (Iwuji et al.

2022).

Extreme poverty, gendered inequalities, precarious la-

bour, poorly maintained public water delivery systems, and

general deprivation are some of the indicators that in-

creased people’s vulnerability in uMkhanyakude (Massyn

et al. 2020). Government policies that support investments

in public health resources such as drinking water through

installation of boreholes, availability of water trucks and

food banks during periods of climatic stress would better

enable people to cope and adapt. These response measures

will only be successful, when involving the whole society

and fully engaging local leaders and stakeholders to identify

local drivers of vulnerabilities. The different government

institutions responsible for drought management will need

to collaborate more effectively to improve information/data

sharing and early warning systems to facilitate planning and

risk reduction leveraging both local knowledge and the

technological strengths of institutions such as the South

African Weather Service (Orievulu and Iwuji 2022).

Effective early warning and response system is critical

for preparedness as the frequency of these weather extremes

is predicted to increase due to climate change (Watts et al.

2021).

The findings from this interrupted time series analysis

and the lived experiences of PLHIV in the sub-district

suggest that during periods of drought, PLHIV are some-

times forced to prioritise their livelihood sustenance over

their health which could impact their adherence to treat-

ment and retention in care. Since this is the first study to

our knowledge to investigate the impact of drought on

ART adherence and retention in care, further studies

involving larger geographical areas in South Africa and

other sub-Saharan African countries with more varied

precipitation, other social groups and alternative research

designs that can better adjust for confounders are required

to further our understanding of the dynamics in place.
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