
RESEARCH ARTICLE

The 2001-03 Famine and the Dynamics of
HIV in Malawi: A Natural Experiment
Michael Loevinsohn¤*

Institute of Development Studies at the University of Sussex, Brighton, United Kingdom

¤ Current address: Ooststeeg 119, 6708 ATWageningen, Netherlands
* mloevinsohn@gmail.com

Abstract

Background

Food security has deteriorated for many people in developing regions facing high and vola-

tile food prices. Without effective and equitable responses, the situation is likely to worsen

due to diminishing access to land and water, competition from non-food uses of agricultural

products, and the effects of climate change and variability. Understanding how this will

affect the burden and distribution of major diseases such as HIV is critical. This study

makes use of the near-experimental conditions created by the Malawi famine to shed new

light on this issue.

Methods

Multilevel, random intercept models were used to relate the change in HIV prevalence at

antenatal surveillance sites over the course of the famine to the proportion of rural house-

holds requiring food aid in the surrounding district at the famine’s peak. Similar models were

used to relate this indicator of rural hunger to changes in the composition of the antenatal

population. The extent and direction of migration were estimated from a household survey

conducted 1–2 years after the famine.

Findings

At rural sites, the change in HIV prevalence was positively and non-linearly related to the

extent of rural hunger (P = 0.016), consistent with contemporary accounts of increased

transactional sex and with hunger compromising immune function. At non-rural sites, preva-

lence declined as rural hunger increased (P = 0.006), concentrated in women who self-iden-

tified as farmers (P = 0.010). This finding is consistent with contemporary accounts of

migration in search of food and work from villages where HIV risk was lower to towns and

cities where it was higher. Corroborating this interpretation, the proportion of farmers in the

antenatal population was found to rise at non-rural sites as rural hunger increased in the

surrounding district (P = 0.015) whereas the proportion fell with increasing rural hunger at

rural sites (P<0.001). The models suggest migrants were predominantly farming women

under 25 years (P = 0.010). The household survey confirmed that there was a surge of
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rural-to-urban migration during the famine, particularly by women under 25 years. Migration

to less affected rural areas also increased.

Conclusion

The Malawi famine appears to have had a substantial effect on HIV’s dynamics and

demography. Poverty and inequality, commonly considered structural determinants of

HIV epidemics, can change rapidly, apparently transmitting their effects with little lag. Epi-

demic patterns risk being misread if such social and economic change is ignored. Many

studies examining HIV prevalence declines have implicated sexual behaviour change but

do not appear to have adequately considered the contribution of rural-urban migration.

The evidence from Malawi, which links actions that undermined people’s food security to

changes in the prevalence and distribution of HIV infections, suggests new opportunities

for prevention.

Introduction
Large numbers of people in developing countries are regularly without secure access to food
[1]. Surges in food price have put many others at risk of hunger and malnutrition. Without
effective and equitable responses, these risks are likely to increase due to diminishing access to
land, water and other key resources, competition from non-food uses of agricultural products,
and the effects of climate change and variability [2]. Most vulnerable are consumers and small
farmers in countries where farming is predominantly rainfed [3].

The impact of rising levels of hunger on human health and major diseases is of wide con-
cern, however our ability to predict their impact is limited. With respect to HIV, much of what
is known about the effect of hunger and other facets of poverty comes from cross-sectional or
longitudinal studies of limited duration that shed little light on dynamic effects, whether trends,
cycles, or major shocks [4–6]. The fact that hunger is both a cause and a consequence of HIV
further limits the ability of these methods to disentangle the effect of change in either of them.

This paper brings new light to bear on this question. It assesses the 2001–03 famine in
Malawi as a country-scale natural experiment on the effect of hunger on the dynamics of HIV.
As described below, the famine “intervention” was “sharp, well-defined but unplanned” and its
effects were unequally experienced among rural areas, between rural and non-rural areas and
between men and women—characteristics of a natural experiment [7]. However, the Malawi
famine was a consequence largely of actions and policies that, as in many famines, restricted
people’s access to food [8]. There was, I emphasize, nothing natural in an entirely avoidable
tragedy that took thousands of lives and disrupted many others. Analysing the famine as an
experiment may provide new insights into HIV’s dynamics and ideas as to how it can be better
prevented, discussed in the final section.

The famine and HIV risk
The roots of the famine can be traced to under-investment in agriculture and erosion of dry
season livelihood options in the preceding decades. These left rural Malawians vulnerable to
the fate of the main maize harvest and increasingly dependent on casual agricultural labour
(“ganyu”) and the market to supplement their own production [9–11]. Drought and poor but
unexceptional harvests in 2001 and 2002 forced more people into the search for a diminished
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availability of work, further depressing wage rates. Ill-considered institutional responses con-
tributed to a steep rise in prices: by February 2002, a kilo of maize cost 2–6 times what it had
the previous year, in most markets considerably more than a labourer’s daily wage [12–15].
Although the contexts differed, similar food crises affected five other southern African coun-
tries: Zambia, Zimbabwe, Mozambique, Lesotho and Swaziland [16]

Deaths from hunger and cholera were reported in several parts of Malawi late in 2001
[12,17]. Nation-wide surveys in late 2002 found that 31% of rural households would need food
assistance between December 2002 and March 2003, the traditional lean period before the next
harvest, unevenly spread but substantial in all regions. Hunger was less severe among wealthier
households, those headed by men and those with non-agricultural income [18,19]. Some of
these profited from the situation, offering ganyu for lower wages and buying assets that farmers
sold in distress. Households in the towns and cities, where maize was more reliably available
and its price less volatile, were also less affected by hunger, reinforcing existing economic and
social disparities between urban and rural areas [12,20].

As the famine intensified, rural Malawians increasingly resorted to measures that many,
particularly the most vulnerable, had come to rely on in the annual lean season, for example,
regularly going entire days without eating and removing children from school. Some of these
actions increased their exposure to HIV. Among these was transactional sex—women selling
or exchanging sex for food or gifts on an occasional basis [21,22]. Fifteen percent of young
women and 6% of older women surveyed in 10 districts acknowledged exchanging sex for food
during the crisis [23], likely underestimates given the difficulty assessing this sensitive matter
through formal interviews. In the Central region, sexual services were frequently demanded of
women, single and married, seeking ganyu, a practice that continued after the famine [24,25].
Reports also emerged during the famine of girls and young women being forced into marriage
with older men [23,26]. They would have been at heightened risk of HIV and STIs because
their partners were more likely to be infected than men their age and more likely to subject
them to physical or sexual violence [27,28].

Greater involvement in transactional sex and early marriage would be expected to increase
HIV incidence and prevalence in rural women in proportion to the extent and duration of
hunger locally. Early marriage’s effect would be concentrated in younger women while that of
transactional sex, which apparently involved both married and single women, would be more
even. The unequal experience of hunger by rural men and women may also have contributed
to more asymmetrical relationships (e.g. a man able to provide ganyu having sex with several
workers) and concurrent relationships (e.g. the man maintaining relationships with his wife
and one or more workers). Both have been shown to hasten HIV transmission and the latter
to increase peak prevalence [29–31]. Malnutrition itself may have increased women’s risk of
infection once exposed to the virus by suppressing immune function. The evidence for this is
clearest with respect to sexually transmitted and parasitic infections that facilitate HIV trans-
mission [32].

Many adults also moved in search of food or work to towns, cities, neighbouring countries
and less affected rural areas [16,22]. Among 1,200 rural households surveyed in 2002, 39% had
adult members migrating [33]. People moving in distress often face poor working and living
conditions at their destination. Separated from partners and family, migrants in general are
more likely to engage in non-marital sex and to be HIV-infected than are non-migrants [34–
36]. The impact of hunger-induced migration on HIV prevalence in Malawi depends on how
long people remained away from home. There has till now been no information on this but evi-
dence from other famines suggests that not all migration is temporary [37]. To the extent that
was true in Malawi, one would expect to see changes in the distribution of HIV and population
in both source and destination areas.
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In summary, the famine is hypothesized to have increased three of the fundamental deter-
minants of HIV prevalence: incidence, emigration and immigration in rural villages; and immi-
gration and possibly subsequent incidence in towns and cities.

The eminent epidemiologist Mervin Susser suggested that the term natural experiment be
reserved for “observations of the effects of . . . events that are major, sharp, and out of the ordi-
nary.[38]” It is entirely appropriate to assess the famine’s effects on HIV’s dynamics in this way.
It was the most severe in the historical record, estimated to have caused the deaths of up to
85,000 people, nearly 1% of the rural population [14]. Many Malawians referred to it as chinku-
kuzi, the time “no one will survive” in Chichewa [39]. It is not just in retrospect that the ques-
tions at the heart of this paper have been asked. Health and development researchers working in
Malawi at the time, myself included, were deeply concerned about the potential of sharply rising
maize prices to accelerate the spread of HIV [21] and joined with colleagues in the region in a
program of action research on HIV, AIDS and the southern African food crises [40].

Methods

Data
The prevalence of rural hunger in the district surrounding HIV surveillance sites was derived
from a country-wide humanitarian survey in August 2002 (1128 households, stratified by
wealth, in 81 villages). Whether a household would experience a significant cereal deficit in
December 2002–March 2003, the lean season in the famine’s second year, was estimated using
a model-based index that weighed 10 factors, including the number of members, their food
requirements, cereal stocks, anticipated production and income. Household estimates were
then aggregated to district level. [18]. For Mzuzu city, which is not part of any district, the aver-
age of the estimates for the two districts that surround it is used.

Estimates of the prevalence, timing and direction of migration were calculated from a coun-
try-wide survey in 2004 and early 2005 (n = 10,777 households) which asked when and from
where members had moved to their present residence [41].

HIV prevalence estimates from before and after the worst of the famine were drawn from
the antenatal surveillance rounds in 1999/2000 (median sample date 7/1/2000, 15%–85% com-
pleted 30/12/1999–24/1/2000), approximately 18 months before the steep rise in maize price,
and 2003 (median sample date 11/3/2003, 15%-85% completed 16/2/2002–13/5/2003) overlap-
ping the lean season in the famine’s second year and the post-harvest period when food was
more readily available (S1 Text, see web appendix). (The 2001 round cannot be used because it
overlaps the rise in maize price). Eight of the 19 sites are rural, located in village health centres
and 8 are semi-urban, located in hospitals in district administrative centres (bomas). These
sites were established in randomly selected districts, stratifying for region. One semi-urban site,
Nkhotakota, is discarded because its results in 2003 were unreliable [42]. Three sites are urban,
located in hospitals or health centres in the three largest cities, Mzuzu, Lilongwe and Blantyre.

Antenatal surveillance is the principal method for monitoring tends in HIV infection in
countries where the epidemic is generalized [43] and provides a reasonable estimate of preva-
lence among women in the catchment area of surveillance sites [44]. In Malawi, procedures
were consistent in these two rounds and followed international guidelines. On each round, a
consecutive sample of women on their first antenatal visit were tested anonymously for HIV
using a single enzyme-linked immunosorbent assay. Their age, education status, occupation
and partner’s occupation were also recorded [42]. In the following analyses, women are consid-
ered as either farmer or non-farmer: a woman is classed as a farmer if she gave her or her part-
ner’s occupation as “farmer”. Rural clinics attract predominantly farmers, urban clinics mostly
non-farmers and semi-urban clinics intermediate proportions (Table 1). Fig 1 shows the trends
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in HIV prevalence since 1994. Prevalence has been similar at urban and semi-urban sites since
1999/2000 and are analysed together as “non-rural”.

Analytical methods
Multilevel, random intercept models are used to analyse the contribution of contextual factors
at the surveillance site level (rural or non-rural setting, the extent of rural hunger in the district)
and compositional factors at the individual level (age, occupation and education) and their
interactions, to the probability of a woman being HIV-infected and to the change in this proba-
bility over the course of the famine. The serostatus of the ith woman in the jth site in 2003, yij,
is a binary variate that takes the value 1 (positive) with probability π03ij. The log link relates
this probability to a linear function of factors and covariates. Random variation at the individ-
ual and site levels is assumed to follow binomial and normal distributions, respectively. A site

Table 1. Characteristics of the women surveyed at antenatal surveillance sites and of the surrounding district.

Rural (8 sites) Non-rural (10 sites)

Variable Category Semi-urban (7 sites) Urban (3 sites)

1999 (n = 1144) 2003 (n = 1627) 1999 (n = 3392) 2003 (n = 3618) 1999 (n = 1901) 2003 (n = 2460)

HIV serostatus Positive 12.1 (2.4) 14.5 (2.1) 27.6 (2.0) 21.6 (2.3) 25.6 (1.4) 21.8 (3.1)

Negative 88.9 (2.4) 86.4 (2.1) 72.4 (2.0) 78.4 (2.3) 74.4 (1.4) 78.2 (3.1)

Age 15–19 yrs 24.9 (3.1) 22.0 (2.4) 24.0 (1.7) 20.7 (0.7) 20.0 (1.6) 19.7 (0.6)

20–24 yrs 38.9 (3.1) 36.2 (1.0) 39.5 (1.0) 40.3 (1.6) 43.2 (2.3) 44.1 (1.2)

25–44 yrs 36.2 (2.6) 41.8 (2.2) 36.5 (1.8) 39.1 (2.1) 36.8 (2.3) 36.2 (1.8)

Education None 23.6 (4.7) 29.8 (6.7) 29.1 (7.6) 31.7 (10.7) 8.8 (2.7) 10.2 (3.2)

Primary 70.6 (3.8) 64.6 (6.6) 58.6 (6.2) 54.8 (8.3) 62.4 (5.8) 63.9 (1.6)

Secondary + 5.8 (1.1) 5.7 (0.9) 12.3 (1.6) 13.4 (2.6) 28.8 (6.3) 25.9 (3.5)

Occupation Farmer 76.9 (5.1) 77.2 (4.6) 46.5 (3.5) 40.7 (6.3) 5.9 (4.3) 5.7 (2.9)

Non-farmer 23.1 (5.1) 22.8 (4.6) 53.5 (3.5) 59.3 (6.3) 94.1 (4.3) 94.3 (2.9)

Rural population in need of
food assistance Dec
2002-March 2003

32.6 (3.8) 26.0 (4.3) 20.8 (3.8)

Data are percent (se).

doi:10.1371/journal.pone.0135108.t001

Fig 1. Prevalence of HIV in women attending antenatal clinics in Malawi 1994–2005.Unweighted
means. The number of sites was constant over this period. Data courtesy Malawi National AIDS Commission.

doi:10.1371/journal.pone.0135108.g001
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level model is first estimated:

logp03ij ¼ logp99j þ b0j þ b1 � ruralj þ b2 � ruralj � hungerj þ b3 � nonruralj � hungerj þ m0j ð1Þ

where logπ03ij is the log probability of a woman being positive in 2003 and logπ99j the mean
log probability of being positive for all women at the jth site in 1999/2000. Subtracting the latter
term from both sides makes the dependent variable the log relative risk of being HIV infected
in 2003 vs. 1999/2000 (adapting an approach suggested by Ukoumunne and Thompson [45]).
β0j is the fixed part of the intercept and μ0j its site-specific random effect. ruralj and nonruralj
are dummy variables taking the value 1 when the site is rural or non-rural, respectively, and 0
otherwise. β1 is thus the additional fixed part of the intercept at rural sites, while β2 and β3 are
the linear coefficients of rural hunger in the district surrounding rural and non-rural sites,
respectively. The hungerj variable was arc sine-transformed and centred on its overall mean.
Quadratic terms in hungerj were also fitted to test for non-linear relationships.

Model 2 adds the individual-level factors and their interactions with rural hunger. The coef-
ficient associated with a class of a factor, e.g. farmer in occupation, indicates the extent to
which change from the 1999/2000 mean log probability of infection was greater or less for
farmers than for non-farmers. The coefficient associated with the interaction term indicates
the extent to which the difference between farmers and non-farmers varied with the level of
rural hunger in the district. In both cases, the coefficients control for other individual and site-
level variables.

Change through the famine in the composition of women sampled at the sites was estimated
with models 3 and 4, of the form of models 1 and 2 but with log relative risk of a woman being
a farmer in 2003 as dependent variable.

A model (5) with the individual-level factors and site terms, but without hunger, was esti-
mated to assess determinants of prevalence in 2003.

These models were estimated with the GLLAMM program [46] in STATA 11 (StataCorp),
employing maximum likelihood estimation with adaptive quadrature. However, log-binomial
regression is known to yield biased estimates when the probability π is large (> 0.8) [47], as it
is for the proportion of farmers at several sites. Models 1–4 were therefore also estimated using
logistic regression so that the dependent variable becomes the log odds ratio of being infected
or of being a farmer in 2003 vs. 1999/2000. This procedure avoids the estimation problem but
yields a measure of the impact of exposure on risk, the odds ratio, that is less intuitive than the
relative risk [48]. Results were confirmed by Monte Carlo Markov Chain (MCMC) simulation,
which provides more precise parameter estimates with small samples, employing the Win-
BUGS program in MLwiN [49]. Any substantive differences among these methods are noted in
the text.

Results

Hunger and HIV
HIV prevalence increased 20.2% over the course of the famine at rural surveillance sites but
declined 21.7% and 14.8% at semi-urban and urban sites, respectively (Table 1). The increase
at rural sites was non-linearly related to the extent of rural hunger in the district, implying no
increase in prevalence below a threshold of about 25% and a steep increase thereafter (model 1,
Table 2; Fig 2). At non-rural sites, the decline in prevalence was negatively related to rural hun-
ger with no evident non-linearity; urban and semi-urban sites followed a similar pattern. This
regression includes one extreme outlier, the semi-urban site Nsanje (departure from predicted
p< .001; see further below). At the rural and non-rural sites where hunger was greatest, model
1 estimates HIV prevalence increased 139% and declined 41%, respectively.
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At rural sites, adding individual-level factors and interactions had little effect on the site-
level relationship with hunger (model 2). Women under 25 years were at significantly less risk
of infection relative to the pre-famine mean than older women but this risk and that of the
other individual-level factors did not vary with the extent of hunger. At non-rural sites, women
under 25 years and those who farmed were at significantly reduced risk while those with at
least some secondary education were at increased risk relative to the pre-famine mean. Here,
the risk for women farmers declined significantly as rural hunger rose: the log relative risk fell

Table 2. Change in HIV prevalence at antenatal sites through the famine (frommultilevel log-binomial regression).

Model 1 Model 2

Variable Category Rural Non-rural Rural Non-rural

Site level Rural hunger Linear -0.231 (-0.470,
0.010) +

-0.022 (-0.038,
-0.006)**

-0.273 (-0.548,
0.002)+

-0.013 (-0.048, 0.013)

Quadratic 0.004 (0.000,
0.008)* †

0.004 (0.000,
0.008)*

Rural (dummy) 0.435 (0.161,
0.708) **

0.609 (0.060, 1.159)*

Individual
level

Occupation Farmer -0.198 (-0.554,
0.159)

-0.304 (-0.433,
-0.174)**

Non-farmer
(ref.)

0 0

Age < 25 yrs -0.334 (-0.608,
-0.061)*

-0.191 (-0.295,
-0.086)**

25 + yrs (ref.) 0 0

Education None (ref.) 0 0

Primary 0.006 (-0.360,
0.348)

-0.031 (-0.168, 0.106)

Secondary + -0.126 (-0.796,
0.544)

0.161 (-0.007, 0.329+

Interaction Occupation x rural
hunger

Farmer 0.001 (-0.055,
0.057)

-0.024 (-0.043,
-0.005) **

Non-farmer
(ref.)

0 0

Age x rural hunger < 25 yrs -0.010 (-0.050,
0.030)

0.004 (-0.010, 0.018)

25 + yrs (ref.) 0 0

Education x rural
hunger

None (ref.) 0 0

Primary 0.031 (-0.020,
0.082)

-0.002 (-0.022, 0.019)

Secondary + 0.042 (-0.053,
0.136)

0.002 (-0.022, 0.026)

Intercept -0.249 (-0.369, -0.261) ** -0.041 (-0.217, 0.134)

Between site variance (s.e.) 0.0299 (0.136) 0.040 (0.017)

Log likelihood -3802.6 -3725.0

The dependent variable is the log of the relative risk of a woman being seropositive in 2003 versus 1999/2000. Data are coefficients (95% C.I.)
+ P < .10

* P < .05

** P < .01
† Joint probability linear and quadratic < .05.

doi:10.1371/journal.pone.0135108.t002
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0.037 per unit increase in hunger compared to a non-significant 0.013 for non-farmers, con-
trolling for other factors.

The rural site results suggest an increased per capita risk of infection at levels of hunger
above the threshold that was not concentrated in any particular group. This is consistent with
the reports of women’s increased exposure to HIV through transactional sex, but not with
more frequent early marriage whose effects would have been concentrated in the under 25
years age class. Factors that increased the likelihood of infection once exposed might also have
contributed.

The non-rural site results suggest selective out-migration by farming women from rural
areas. This is consistent with the evidence that the erosion of livelihoods and the effect of the
price spike were most keenly felt by those dependent on farming; also that migration in search
of food or work was common. Women who moved to towns and cities and who remained long
enough to become pregnant (if they weren’t already when they moved) and attend antenatal
clinics there would have reduced the HIV prevalence because they came from a lower risk envi-
ronment: in 1999/2000, the probability of a farming women being HIV-positive at the rural
sites was 10.6% (95% CI 6.2%–17.5%) but 22.0% (19.5%–24.8%) at the non-rural sites. This
dilution would have increased the greater the level of hunger-induced migration. As discussed
below, this effect is likely to have diminished with time.

Fig 2. Change in HIV prevalence at antenatal sites through the famine in relation to rural hunger. The
independent variable is the proportion of rural households estimated from a humanitarian survey to be in
need of food assistance in December 2002—March 2003 in the district surrounding antenatal sites. The
observed values of the dependent variable are the ratio of the HIV prevalence in women attending antenatal
clinics in 2003, after the worst of the famine, to the prevalence in 1999/2000, prior to the rapid rise in food
prices. The fitted values are frommultilevel log binomial regression (model 1, Table 2). (A) Rural sites. The
quadratic equation has a vertex at approximately 25%, implying little change in HIV around this level of
hunger. (B) Non-rural sites (squares: cities, triangles: towns, open triangle: Nsanje, which is included in the
analysis).

doi:10.1371/journal.pone.0135108.g002
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Migration may explain the discrepant result at Nsanje. In 2005, a one-off surveillance site
was established at a rural health centre in the district. Prevalence was 40.5% (n = 74, 95% CI
29.3%–51.7%), higher than at the district hospital in 1999/2000 (26.0%, 95% CI 21.8%–30.2%,
Fisher exact P = 0.011), indeed the highest level ever recorded at an antenatal surveillance site
in Malawi. If similar infection rates prevailed in rural Nsanje during the famine, migration
from the villages would, as observed, have raised rather than lowered prevalence in the town.

Hunger and migration
The suggestion that selective migration of farming women from rural areas underlies the
decline in prevalence at non-rural sites is corroborated by the changing composition of the
antenatal population over the course of the famine (S2 Table, Model 3, see web appendix; and
Fig 3). As hunger rose in the surrounding district, the proportion of farmers declined at the
rural antenatal sites but increased at the non-rural sites. Hunger pushed farmers into the towns
and cities as it removed farmers from the villages.

Fig 3A and Model 3 indicate that at rural surveillance sites where hunger was relatively low,
the proportion of farmers in 2003 was greater than in 1999/2000 (ratio>1). This is consistent
with the accounts of villagers migrating to other rural as well as urban areas in search of food
and work: districts where hunger was low would have been the most attractive.

Similarly, the fact that at the non-rural sites where rural hunger was low, the proportion of
farmers in 2003 was less than in 1999/2000 (ratio<1, Fig 3B) could have resulted from women
farmers resident in or near those towns leaving for the villages. However, this is unlikely a suffi-
cient explanation because even at the highest levels of rural hunger the proportion of farmers
in 2003 was not much greater than in 1999/2000. A simpler explanation, consistent with the
hypotheses, is that, for many, leaving their villages was more than a temporary measure. A vil-
lage woman attending an antenatal clinic in a town or city in 2003 who had decided to remain
there would no longer give her occupation as “farmer”. In aggregate, such decisions would tend
to depress the regression line. They would also lead to the overall decline in the proportion of
farmers at non-rural, especially semi-urban sites evident in Table 1. Other evidence bearing on
this is presented below.

Model 4 (S2 Table; see web appendix) indicates that at both rural and particularly non-rural
sites, relative to the pre-famine mean, farmers were less educated than non-farmers but were
not significantly older or younger. Neither of these relationships was found to vary with the
level of rural hunger in the district.

However, markedly different results were obtained when Models 3 and 4 were estimated
with logistic rather than log-binomial regression (Table 3). The negative relationship between
rural hunger and the proportion of women farmers at rural antenatal sites is strengthened.
Farmers were also found to be significantly younger and less educated than non-farmers at
these sites. The interaction coefficients indicate that the proportion of farmers under 25 years
decreased significantly relative to older farmers as rural hunger in the district rose: the log odds
ratio declined 0.193 per unit increase in rural hunger for the former and 0.127 for the latter,
controlling for individual-level factors and other interactions. Note however, that both coeffi-
cients are significant. This suggests that farmers under 25 years had a greater propensity to
migrate in response to hunger than older farmers who in turn had a greater propensity to
migrate than non-farmers.

At the non-rural sites, the proportion of farmers with no formal education increased relative
to farmers with a primary or secondary and higher education as rural hunger in the district
rose: the log odds ratio increased 0.068 per unit increase in rural hunger for those with no edu-
cation, 0.052 for those with primary education and 0.023 for those with at least some secondary
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education, again controlling for individual-level factors and other interactions. Only the first
two are significant. This suggests that immigrants to towns and cities were, relative to the
receiving population, disproportionately less educated farmers and especially those with no
formal education. There is no contradiction with the previous finding of a greater propensity
to migrate in young farmers: that comparison was to women attending the rural antenatal clin-
ics which differed in composition from the clients of non-rural clinics.

That the logistic version of model 4 reveals differences that the log-binomial form does not
is expected: as noted earlier, the former is the more sensitive to change in a dependent variable
whose frequency is relatively high. No substantial difference was evident between the log-bino-
mial (Table 2) and logistic forms of model 1 and 2 (S1 Table; see web appendix): there the
dependent variable, HIV prevalence, is generally less than 30%. The logistic regression results
were confirmed by MCMC simulation.

Data on migration from the 2004–05 Integrated Household Survey are presented in Fig 4.
Across the country, 22.3% of women 15–24 years interviewed in towns and cities reported hav-
ing moved to their place of residence from a rural area in the previous 3 years, roughly the
period since the beginning of the famine. Among women 25–49 years, the corresponding pro-
portion was 11.8% (χ2 = 41.3, P< .001); in men 15–24 years and 25–49 years it was 17.8% and
14.3%, respectively. Fig 4A also indicates that rural-to-non-rural migration in women 15–24
years peaked 1–2 years before the survey i.e. around the height of the food crisis in 2002–03.
No such peak is evident in the other age-gender groups. The varying shape of these curves

Fig 3. Change in prevalence of farmers at antenatal sites through the famine in relation to rural
hunger. The independent variable is the proportion of rural households estimated from a humanitarian
survey to be in need of food assistance in December 2002-March 2003 in the district surrounding antenatal
sites. The observed values of the dependent variable are the ratio of the proportion of farmers among the
women attending antenatal clinics in 2003, after the worst of the famine, to the proportion in 1999/2000, prior
to the rapid rise in food prices. The fitted values are frommultilevel log binomial regression (model 3, S2
Table). (A) Rural sites; (B) Non-rural sites (squares: cities, triangles: towns, open triangle: Nsanje, which is
included in the analysis).

doi:10.1371/journal.pone.0135108.g003

Famine and the Dynamics of HIV in Malawi

PLOS ONE | DOI:10.1371/journal.pone.0135108 September 2, 2015 10 / 21



makes it less likely that some factor other than migration is responsible such as people recalling
recent events better than more distant ones.

Fig 4B shows a similar pattern for rural-to-rural migration: greater in women 15–24 years
than in women 25–49 years (20.4% vs. 9.6%, χ2 = 212.8, P< .001). In men 15–24 years and
25–49 years, the proportions were 12.3% and 12.4%, respectively. There is again a peak in
migration 1–2 years before the survey that is most marked in women 15–24 years but also
apparent in the other groups.

These results confirm the findings from the multilevel analysis of HIV prevalence and ante-
natal clinic composition: there is evidence of substantial migration from rural areas to both
non-rural and other rural areas during the famine that involved women under 25 years of age
significantly more than older women. Given that the IHS was conducted approximately a year
after the 2003 antenatal surveillance round, the results also support the suggestion that for
many women migration was more than a temporary response to hunger. There is no evidence
for significant movement from towns and cities to the villages that might have affected these
patterns (1.5% and 1.3% of 15–24 year old and 25–49 year old women, respectively).

Table 3. Change in farmer prevalence at antenatal sites through the famine (frommultilevel logistic regression).

Model 3 Model 4

Variable Category Rural Non-rural Rural Non-rural

Site level Rural hunger -0.120 (-0.179,
-0.062) **

0.052 (0.010,
0.094)*

-0.127 (-0.214,
-0.040)**

0.068 (0.019,
0.117)**

Rural (dummy) 0.692 (0.126, 1.259)* 0.823 (0.050, 1.596)*

Individual
level

Age < 25 yrs 0.492 (0.113, 0.872)* -0.052 (-0.191, 0.087)

25 + yrs
(ref.)

0 0

Education None (ref.) 0 0

Primary -0.833 (-1.391,
-0.275)**

-0.236 (-0.418,
-0.055)*

Secondary + -1.670 (-2.497,
-0.842) **

-1.315 (-1.580,
-1.051)**

Interaction Age x rural hunger < 25 yrs -0.066 (-0.117,
-0.016) **

-0.001 (-0.021, 0.019)

25+ yrs (ref.) 0 0

Education x rural
hunger

None (ref.) 0 0

Primary 0.044 (-0.028, 0.116) -0.016 (-0.046, 0.013)

Secondary + 0.026 (-0.078, 0.130) -0.045 (-0.083,
-0.007) *

Intercept -0.125 (-0.438, 0.187) 0.224 (-0.121, 0.569)

Between site variance (s.e.) 0.230 (0.092) 0.230 (0.092)

Log likelihood -3570.5 -3463.6

The dependent variable is the log of the odds ratio of a woman being a farmer in 2003 versus 1999/2000. The data are coefficients (95% C.I.)
+ P < .10

* P < .05

** P < .01

doi:10.1371/journal.pone.0135108.t003
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Testing assumptions
The validity of assessing the impact of the Malawi famine on HIV’s dynamics as a natural
experiment may be undermined by two factors. First, it is possible that the levels of hunger cal-
culated in late 2002–early 2003 reflected not a sharp, distinctive shock but pre-existing site-spe-
cific conditions that affected HIV’s dynamics in earlier periods as well. This is tested by
regressing changes in prevalence at the same sites during the preceding 3 year period, 1996–
1999/2000, against hunger in 2002–2003 in a single-level model. The coefficients for both the
rural and non-rural sites were not significant (-0.032, 95% CI -0.078–0.015, n = 8, P = 0.17 and
-0.033, 95% CI -0.087–0.020, n = 10, P = 0.20, respectively). Furthermore, the patterns of prev-
alence change across sites in 1996–1999/2000 and 1999/2000–2003 were not similar, as they
would have been had the same factors, of whatever nature, driven change and been distributed
in the same way. Paired by site, changes in prevalence in the two periods were not significantly
correlated at rural, non-rural or all sites (r = -0.322, P = 0.44; r = -0.271, P = 0.45 and r =
-0.298, P = 0.23, respectively). These findings are consistent with conditions during the famine
being distinct from the preceding period, though as explained above, many of the famine’s
social and economic causes had developed over a number of years.

The second factor that can undermine the experimental analysis is non-independence of the
observational units, violating regression assumptions [50]. Migration between sites that prefer-
entially involved people at greater or lesser risk of HIV is one notable way in which this could
have been produced. Its importance is tested by calculating the spatial autocorrelation of the
site residuals from model 1 [51]. No significant autocorrelation is found at any distance for all,
rural and non-rural sites (S1 Fig, see web appendix).

This finding does not contradict the evidence that migration of young, rural women con-
tributed to the decline in non-rural HIV prevalence because Model 1 calculates separate

Fig 4. Prevalence of migration in Malawi, assessed in 2004 and early 2005. From the Integrated
Household Survey [41]. (A) Rural to non-rural migration. Non-rural includes cities, towns and bomas (district
administrative centres). N = 4,427. (B) Rural-to-rural migration. N = 17,722.

doi:10.1371/journal.pone.0135108.g004
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regression coefficients for rural and non-rural sites: origin and destination are statistically iso-
lated. The non-significant spatial autocorrelation among rural sites is not surprising given the
sparseness of the rural surveillance network: most sources of migrants to a given rural site
would be from districts outside the network.

Discussion

Weighing the evidence
This analysis of the Malawi famine as a natural experiment suggests that it had a rapid and sub-
stantial effect on both HIV prevalence and demography across the country’s rural and non-
rural areas. To frame and help readers weigh the evidence in support of this claim, I make use
of the criteria that Hill [52] proposed should guide judgements of causation from evidence of
association between environmental factors and disease. Fifty years on, they are still controver-
sial and still widely cited.

Temporality. The timing of key events—the rise of food prices beginning in 2001, the
reports of extreme coping measures including migration and transactional sex beginning in
late 2001, the peak in migration in 2002–03 evident from IHS data and the substantial change
in HIV prevalence found in the 2003 surveillance round—supports the suggested causal
connection.

Strength of the association. The relative risks calculated at the rural and non-rural sites
where hunger was greatest, 2.39 and 0.61, respectively, are substantial, considering that hunger
was measured at the district rather than individual level.

Biological gradient. A dose-response in the relationship between hunger and change in
HIV is evident at both rural and non-rural sites.

Plausibility. The mechanisms implicated in the hunger-HIV prevalence change relation-
ship are biologically and socially plausible. The finding of an increased risk of HIV infection at
the rural sites where hunger was greatest, broadly shared among age, occupation and education
classes, is consistent with hunger leading women into increased involvement in transactional
sex which raised their exposure to HIV and with depressed immune function increasing their
risk of infection once exposed. As mentioned above, increased transactional sex was reported
during the famine [22,23] and cross-sectional studies have found it more common among Zim-
babwean, Batswana and Swazi women reporting food insecurity [5,6]. Its occurrence in other
contexts is discussed below. Hunger may also have reduced women’s ability to insist non-
cohabiting partners use a condom, as found in Brazil [53], however less than a quarter of rural
women reported a condom was used in those situations before the famine [54].

The study implicates hunger-induced rural out-migration in the decline of HIV prevalence
at non-rural sites. As noted above, such migration was a common response during the famine
[16,22,33], as it was in earlier food crises in Malawi [55,56] and in famines elsewhere in Africa
[37]. A simulation study suggests that increases in migration rates on the order of those
observed during the famine (Fig 4) can drive substantial changes in HIV prevalence. Critical
parameters are the difference in prevalence between migrating and receiving groups and their
relative sizes [57]. In Malawi, the markedly lower rural prevalence and the much larger rural
population (84% of the total versus 12% in the cities and 3% in the towns) [58] make it more
plausible that rural out-migration could have driven the decline in non-rural prevalence.

Potential biases do not appear able to account for the study’s findings. For example, hunger
might have reduced the likelihood of women attending antenatal clinics but to reproduce the
observed patterns, HIV-negative women would had to be more affected than HIV-positive
women in rural but not non-rural areas and farmers, especially poorly educated ones, would
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have had to be less affected than other women in non-rural but not rural areas. This does not
seem plausible.

More plausible is that hunger could have hastened the death of HIV-positive people who
are especially vulnerable to shortfalls in nutrition. They were at additional risk during the fam-
ine as households with chronically ill members, a proxy for AIDS, were found to be signifi-
cantly more food insecure than other households [59]. This selective mortality would have
depressed HIV prevalence particularly at the rural sites where hunger was greatest, diminishing
to some extent the impact of hunger on HIV incidence.

Coherence. Agreement with independent evidence buttresses an imputed causal relation-
ship. The conclusion that transactional sex apparently played a role in driving the increase in
HIV prevalence at rural sites is consistent with contemporary accounts but no other corrobora-
tive evidence is available: it rests on a single multilevel regression. The case for the role of hun-
ger-induced migration in the decline of prevalence at non-rural sites is considerably more
robust because, in addition to the contemporary accounts, it is corroborated by four indepen-
dent lines of evidence: the decline in prevalence is concentrated in farmers who were the most
affected by hunger; the proportion of farmers in the antenatal population changes in a fashion
consistent with out-migration at rural and in-migration at non-rural sites; and migration pat-
terns calculated from the IHS data are consistent with those in the antenatal data in composi-
tion, timing and direction. Migration also offers a consistent explanation for the discrepant
result, Nsanje, in Fig 2 where, unusually, rural prevalence was apparently greater than urban
prevalence.

An alternative explanation for the decline in town and city prevalence post-2000 has been
offered, based on changes in self-reported sexual behaviour (reduced number of partners and
increased condom use among men): a model including these factors explained non-rural prev-
alence trends better than one that did not [60]. However, migration, which can confound
`-based assessment of behaviour change using surveillance data [57], was not taken into
account. The study could not explain the differences among non-rural sites in the rate of
decline or the concomitant increase in rural prevalence.

The hunger hypothesis can account for this pattern of change and is amply corroborated. It
may be a likelier explanation for the prevalence trends. A forthcoming paper assesses the two
hypotheses in more detail. The policy implications are discussed below.

Hill [52] did not believe that the above or the other four criteria are each relevant in every
case or required in order to support an inference of causation. Analogies from other, broadly
similar relationships can make an imputed causal link more plausible but may not be available.
Specificity of the relationship between exposure to a factor and risk of a disease can make the
inference of causality more obvious and compelling. However, hunger, a structural determi-
nant whose link with HIV risk is mediated through behaviour, is not an individually necessary
cause. Below, I consider the contexts in which food crises might be expected to have epidemio-
logical and demographic consequences comparable to those in the Malawi famine. Controlled
experiments have important advantages but in the case of the hunger-HIV relationship are
impossible to carry out for ethical and other reasons. Cross-sectional studies are constrained by
the bi-directional linkages between hunger and HIV [6]. Natural experiments are, arguably, the
best, possibly the only method available to explore that relationship, in its entirety, with suffi-
cient realism. They have yielded invaluable insights in epidemiology [61,62] but remain an
undervalued resource; many opportunities are not being exploited [63].

The remaining criterion is consistency: Has the relationship “been repeatedly observed by
different persons, in different places, circumstances and times?” It has not, with the rigour epi-
demiology demands, for the reasons just alluded to.
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The study has several limitations. The patterns it is able to discern are restricted by the den-
sity of available data. Trends in rural HIV prevalence rely on only 8 sites, the same number as
for the towns whose population is far smaller. Hunger, the defining trait of the famine, is esti-
mated from one survey in the final months of the famine whereas the experience over a longer
period likely influenced coping responses. Similarly, the study’s ability to resolve migration pat-
terns is limited by its reliance on hunger in the surrounding district as the independent vari-
able. Migrants, particularly to the cities, may well have been attracted from much further. A
more sophisticated spatial analysis might bring that out although neighbouring districts often
shared socio-economic and agronomic characteristics and had similar levels of hunger. The
methods employed also give no indication of the frequency of transient migration: women who
returned to their villages before the 2003 HIV surveillance round or the 2004–05 IHS.

On the balance of the evidence, the claim that the Malawi famine appears to have had a
rapid and substantial effect on both HIV prevalence and demography is reasonable. One can
have greater confidence in hunger’s role in driving declining prevalence in the towns and cities
than in its role in the increase in prevalence in the villages.

Implications
If this interpretation of the evidence is correct, the famine’s consequences must be considered
not just in terms of hunger, malnutrition and cholera but also in additional HIV infections and
the illness and death they gave rise to; the lifelong costs of antiretroviral treatment; as well as
the dislocated lives left by widespread migration that was far from voluntary and evidently not
always temporary.

Migration clearly differed in one important respect from the patterns observed in response
to a famine in 1949 [55] and to continuing food insecurity in the 1960–70s [56]. Then it was
predominantly men who left in search of food or work whereas in 2001–03 the IHS data show
young women were the largest group involved. This had important implications for women’s
exposure to sexually transmitted infections. The situations of risk they now confronted were,
for the most part, associated with their own movement rather than that of their male partners.

The magnitude of these risks can be estimated. A woman attending a rural antenatal clinic
in 2003 who was a farmer, under 25 years of age and with less than a primary education had a
9.9% probability of being HIV positive (model 5). She had a probability of 12.9% if she
attended a non-rural clinic and a 19.2% probability if her occupation changed to non-farmer,
which appears to have been common. Migration nearly doubled her risk of infection, this sug-
gests. This is in line with the widespread evidence, cited above, concerning the hazards a
migrant confronts. But she may well have been at increased risk compared to a non-migrant,
non-rural woman with similar characteristics because social isolation, added to poor education,
would have left her with few skills or resources to avoid situations of infection risk in her new
environment. Whatever the extent of this additional risk, it appears that the famine may have
given rise to an increased burden of HIV infection not just among women in the villages but
also among those forced into migration to towns and cities. The dilution of non-rural HIV
prevalence by rural women migrating in distress may have been an effect that diminished with
time, this suggests.

It is important to consider the relevance of this study’s findings to situations beyond Malawi
in 2001–03. Available records from neighbouring countries in this period are less detailed but
analysis of aggregate data from Zambia suggests a similar pattern of change in rural and non-
rural HIV prevalence. Certainly, the situations of risk that have been implicated were widely
reported in the region and persisted in Malawi in subsequent hungry seasons [25]. They are
familiar in other developing regions dependent on rainfed agriculture such as semi-arid areas
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of India where seasonal, distress-linked migration is common [64]. Food crises that are not
fundamentally seasonal in origin may provoke similar effects. Studies in South Asia and several
parts of eastern and southern Africa indicate that the surge in global cereal prices in 2008
forced some people further into transactional sex and distress migration [65,66].

Whether a food access crisis produces epidemiologic and demographic consequences com-
parable to those that the Malawi famine appears to have provoked will depend on the fre-
quency with which people are drawn into such situations of risk. At least two aspects of the
Malawi context appear to have been critical in driving that frequency. First, the shocks that
triggered the famine acted on a rural population whose livelihoods had become increasingly
precarious; many had few options left other than the most extreme. Second, hunger was very
unequally experienced. That inequality was central to the operation of several of the prevalent
situations of infection risk. For example, economic and social disparities within rural commu-
nities drove transactional sex (a desperate seller, an able buyer) while geographic disparities
among rural areas and between them and non-rural areas drove distress migration.

Poverty, hunger and inequalities are generally considered by public health professionals to
be structural determinants of HIV infection and, as such, slow to change and essentially beyond
the reach of near-term intervention in support of prevention [67]. This study’s findings suggest
that these factors can in fact change rapidly and substantially, influencing HIV dynamics with
little lag. When these factors are ignored, epidemic patterns may be misinterpreted, with criti-
cal implications for policy.

UNAIDS has cited the behaviour change study discussed above [60] as part of the evidence
for widespread decline in HIV incidence in sub-Saharan Africa and other regions [68]. The evi-
dence presented here suggests that rural outmigration, accelerated by hunger, may provide a
credible alternative explanation for the non-rural decline in the first years of this century in
Malawi. An important question then is whether rural out-migration has contributed materially
to HIV declines elsewhere, which have often been concentrated in urban areas [69]. Conditions
that make that plausible are frequently met in sub-Saharan Africa: prevalence is generally
lower in rural areas (the mean ratio of rural to urban adult prevalence in 28 countries, taken
from the most recent Demographic and Health Surveys [70], is 0.610; 95% CI 0.565–0.656),
population is generally greater in rural than in urban areas and rural out-migration rates are
volatile, responding to changing economic conditions and livelihood opportunities [71]. It is
not evident that studies attributing declining HIV prevalence to sexual behaviour change have
always followed Walker et al.’s advice to pay attention to migration if it is non-random with
respect to HIV status or risk behaviour [57].

From a non-exhaustive literature search, eleven articles were identified that discuss the
causes of HIV prevalence declines in the first decade of this century in southern Africa. All of
these conclude that sexual behaviour change is the most plausible explanation, either alone or
together with the increased AIDS-linked mortality that is expected as HIV epidemics mature
[57]. Five studies make no mention of “migration” [60,69,72–74] and five of the six that do, do
not consider the possibility that immigrants from lower prevalence areas or groups might have
played a part in the decline [75–79]. One study in eastern Zimbabwe found that recent immi-
grants to the study areas had significantly lower prevalence than residents and that this contrib-
uted to the observed decline in prevalence [80]. However, the finding is not further discussed
or mentioned in the paper’s title or abstract.

Returning to Malawi, the implications for policy are different if declining prevalence in towns
and cities was predominantly the result of hunger-induced migration rather than behaviour
change. Actions that bolster, rather than undermine, food and livelihood security would enable
people to avoid situations of risk and escape HIV infection: these would complement effective
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behaviour change communication. Indeed, successful such efforts may already be doing that,
yielding an as yet uncounted “prevention dividend”. The data themselves suggest one.

Over all districts, the prevalence of hunger in December 2002–March 2003, the independent
variable in Figs 2 and 3, was significantly and negatively related to the prevalence of cassava
cultivation [81]. In recent years, farmers in Malawi, Zambia and Mozambique, supported by
research, have substantially expanded their production of cassava, a perennial crop more
drought-tolerant than maize [82,83]. Cassava may also benefit households, whether or not they
grow it, by damping demand for other foods and reducing pressure on prices. There was evi-
dence of this in Malawi: the peak maize price in local markets during the famine was signifi-
cantly and negatively related to the prevalence of cassava cultivation in the district [81].

The burden of other conditions, notably malnutrition, would have been eased by greater
food security but this has yet to be assessed. Cassava’s contribution in subsequent food crises in
2005–06 and 2015 has also not been examined. But cassava is only one of many means to
increase the diversity of agricultural, nutritional and livelihood options available to rural peo-
ple, which underpins their resilience to climatic and market volatility. In an era of complex
and, for many people, continuing crises, ensuring access to adequate and nutritious food will
be critical to avert the worst health consequences.
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