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Raised blood pressure (or hypertension) is the commonest
underlying cause of cardiovascular disease, responsible for
the most deaths, morbidity and disability in the world [1].
The natural development of hypertension is determined by
a complex interaction between a polygenic background of
risk which is modulated by epigenetic interactions with a
number of clearly identiﬁed environmental and behavioural e yet modiﬁable e factors. The latter include metabolic and nutritional inﬂuences like positive energy balance
and obesity, and excessive salt consumption. In the last few
decades, high as well as middle and low-income countries
have recorded an epidemic of obesity, diabetes and hypertension, attributable in great part to a shift in behavioural aspects of daily living like overeating, increased
portion sizes, reduced energy expenditure due to physical
inactivity, increase in consumption of low quality food rich
in sugar, fat and salt. The need for a more comprehensive
understanding of the factors that drive food choices has led
biomedical research to studying the relationships between
speciﬁc food preferences and their consumption. Neuroand chemo-sensory pathways, like those regulating odours
and ﬂavours, are well known to determine human behaviour towards food and drink consumption. These pathways
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may lead to the perception of perfect happiness e or bliss e
and, for food, the bliss point is deﬁned as the “quantity of
consumption where any further increase would make the
consumer less satisﬁed” [2].
One well studied food component with its neuro- and
chemo-sensory pathways is sodium. High sodium consumption leads to a rise in blood pressure and, eventually,
to hypertension and cardiovascular complications like
strokes, heart attacks and kidney and heart failures [3]. A
major factor underlying excess sodium intake is human
preference for salted foods. Although this preference may
well be shaped by innate (genetic perhaps) components,
dietary experience contributes signiﬁcantly to the liking of
salt and its consumption, with important effect of dietary
experiences in shaping salt taste responses being detectable very early in life [4]. All known human societies, even
the most primitive, consume per capita more salt than
they physiologically require. Salt has been referred to as
the ‘‘primordial addiction’’ [5]. The consumption of salt
began to rise between 5000 and 10,000 years ago [6]. The
Neolithic revolution saw a move away from traditional
hunter-gatherer practices and the introduction of human
settlement, agriculture, and animal husbandry [7]. These
practices marked profound changes to the composition of
the human diet and to the availability of various foods,
ﬁnally culminating in today’s modern diet [8]. Salt became
a necessity of life and the ﬁrst international commodity of
trade [6]. It became a way to afﬁrm ‘‘social distance’’ [9]
because of its unique properties of enhancing ﬂavours
and fulﬁlling hedonic rewards [10]. This mechanism was
later understood to be an acquired characteristic of salt
taste bud regulation [11]. Probably the most important
factor leading to an increase in human salt consumption
was its power to preserve food against decay [6]. With the
advent of electricity and refrigeration the need for salt as a
preservative rapidly diminished. However, the human
consumption of salt has not declined and has increased in
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some instances [12], contributing to the development of
chronic diseases. Landmark studies in the ﬁeld have
established that relatively short periods of increased sodium intake result in an increase in sodium preference in
the absence of changes in salivary electrolytes or recognition threshold [13]. These ﬁndings suggest that high
sodium intake drives salt preference and that the more salt
we eat, the more salt we demand. This concept is at the
basis of the food and drink manufacturing strategy to
maintain salt content of food high to sustain consumer
demand and proﬁt [14]. This contributes to high salt
intake, high burden of hypertension and cardiovascular
disease [15]. However, these neuro- and chemo-sensory
pathways often follow a bidirectional route. For example,
studies have shown that a reduction in the sodium content
of white bread by a quarter can be delivered over a short
time period, while maintaining consumer acceptance [16],
due to up-regulation of taste buds. A strategy of gradual
reduction in the salt content of bread and other food items
has been implemented with success in many countries
[17], backing up the current World Health Organization
policy strategy of population salt reduction by gradual
reformulation of the salt content of processed food
without consumer detection [18].
In the abovementioned context, the study by Liu et al.
in the present issue of the Journal [19] is a valuable stimulus to further discussion. The authors report the relationships between self-reported taste and smell
perception assessed by questionnaire at baseline (in 2012)
and the change in blood pressure that occurred in the
subsequent two years, in a population of 5190 Chinese
adults (men-to-women ratio 4:1) from the Kailuan community of the city of Tangshan in northern China. The
exposure (taste and smell perception) was measured by
using a limited version of the National Health Interview
Survey (NHIS-D) [20]; one of four questions were used for
smell perception and one of three for taste perception. The
results were grouped in four categories: self-reported
problems with both smell and taste perceptions, problems with only one of the senses, neither. The majority
(n Z 5051 or 97.3%) did not report any problem with either
senses whilst only 30 (0.6%) reported problems in both
senses. This prevalence is comparable to that seen in a US
population screened with a similar tool in 1994e5 [20].
Blood pressure was measured twice at baseline with a
mercury sphygmomanometer and twice at follow-up with
an electronic blood pressure device (Omron HEM-8102A).
After adjustments for multiple confounders the only group
that showed a rise in blood pressure over the two years
was the small group of 30 individuals reporting both smell
and taste problems. The authors cautiously conclude that
the results suggest an association between chemosensory
functions and blood pressure. The study is an example of
the nascent ﬁeld of olfactory and taste epidemiology [20].
What do the results mean? How are they directing to a
better understanding of the pathophysiology of hypertension? Are there limitations we need to consider?
The ﬁrst step to follow before we accept epidemiological observational evidence is to establish the validity of
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the ﬁndings by ruling out three important alternative explanations to the ﬁndings: (a) are the results likely to be
due to chance? This question is answered by statistical
inference. In the present study the change in blood pressure in the group combining altered smell and taste
perception is higher only for systolic blood pressure and
mean arterial pressure; (b) are the results due to bias? One
aspect that might introduce an important bias is the use of
different methods of measuring blood pressure between
the two periods, the ﬁrst clearly open to biased readings
more than the second [21]. Furthermore, there is no
mention of whether blood pressure observers were
masked to the sensory group of the participants; salt
intake was inferred by a simple question which is unable
to identify individual levels of salt consumption [22,23], so
that the results could be biased and open to residual
confounding; ﬁnally, the assessment of exposure by
questionnaire may suffer from lack of validation in populations other than US, as clearly indicated in the wide
global variations in sensory sensitivity worldwide [20]; (c)
are the results due to confounding? The combined altered
sensory group was signiﬁcantly older, it had disproportionately more men, it was heavier with fewer physically
inactive participants. However, the ﬁnal model managed to
take these differences into account.
The application of some of the BradfordeHill criteria for
causality [24] to this study may help address the question
of causality. The reported effect size, although limited to
systolic blood pressure in the combined altered sensory
group only, is large enough to represent an important
health effect. There is lack of similar studies to assess the
consistency of results across different persons and places
and their speciﬁcity. The prospective design provides evidence of temporality between the exposure (sensory
alteration) and the effect (change in blood pressure). There
does not seem to be a biological gradient, since the effect is
only detected when both smell and taste modalities are
altered in the same person. The authors provide some
suggestions of plausible mechanisms to explain the results;
they postulate either an effect mediated by epithelial
sodium-channels present not only in the kidneys but also
in olfactory receptors involved in the regulation of renin
secretion, hence blood pressure [25], or the induction of
olfactory receptors by gut microbiota [26] that may
somehow lead to a rise in blood pressure.
In conclusion, this study provides an interesting
approach to a totally new area of research by the application of epidemiology. However, the ﬁeld is still in its
infancy. Measures of exposure are primordial and, as yet,
not properly validated. Control for important confounders
will require greater attention to more accurate measurements, as for salt intake as a possible important mediator
or confounder.
References
[1] GBD 2016 Causes of Death Collaborators. Global, regional, and
national age-sex speciﬁc mortality for 264 causes of death,
1980e2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet 2017;390:1151e210.

886
[2] Moss Michael. Salt, sugar, fat. How the food giants hooked us. WH
Allen, Ebury Publishing; 2014. p. 33 and 105.
[3] Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP,
Meerpohl J. Effect of lower sodium intake on health: systematic
review and meta-analyses. Br Med J 2013;346:f1326.
[4] Stein LJ, Cowart BJ, Beauchamp GK. The development of salty taste
acceptance is related to dietary experience in human infants: a
prospective study. Am J Clin Nutr 2012;94:123e9.
[5] Multhauf RP. Neptune’s gift. A history of common salt. Baltimore
and London: John Hopkins University Press; 1978.
[6] Kurlansky M. Salt: a world history. London (UK): Jonathan Cape;
2002.
[7] Weisdorf J. From foraging to farming: explaining the Neolithic
revolution. J Econ Surv 2005;19:581e6.
[8] Eaton SB, Konner M, Shostak M. Stone agers in the fast lane:
chronic degenerative diseases in evolutionary perspective. Am J
Med 1988;84:739e49.
[9] Adshead SAM. Salt and civilization. Basingstoke: MacMillan Academic and Professional Ltd; 1992.
[10] Denton D. The hunger for salt. New York: Springer-Verlag; 1982.
[11] MacGregor GA, Cappuccio FP. Salt: shake the habit? In:
Bernstein E, editor. Medical & health annual. London: Encyclopaedia Britannica Inc; 1998. p. 229e35.
[12] Bernstein AM, Willett WC. Trends in 24-h urinary sodium excretion in the United States, 1957-2003: a systematic review. Am J
Clin Nutr 2010;92:1172e80.
[13] Teow BH, Di Nicolantonio R, Morgan TO. Sodium chloride preference and recognition threshold in normotensive subjects on high
and low salt diet. Clin Exp Hypertens A 1985e1986;7:1681e95.
[14] Cappuccio FP, Capewell S. Facts, issues and controversies in salt
reduction for the prevention of cardiovascular disease. Funct Food
Rev 2015;7:41e61.
[15] Mattes RD. Salt taste and hypertension: a critical review of the
literature. J Chron Dis 1984;37:195e208.

F.P. Cappuccio
[16] Girgis S, Neal B, Prescott J, Prendergast J, Dumbrell S, Turner C,
et al. A one-quarter reduction in the salt content of bread can be
made without detection. Eur J Clin Nutr 2003;57:616e20.
[17] Cappuccio FP, Capewell S, Lincoln P, McPherson K. Policy options
to reduce population salt intake. Br Med J 2011;343:402e5.
[18] Brinsden HC, He FJ, Jenner KH, MacGregor GA. Surveys of the salt
content in UK bread: progress made and further reductions
possible. BMJ Open 2013;3, e002936.
[19] Liu Y-H, Huang Z, Vaidya A, Li J, Curhan GC, Wu S, et al. A longitudinal study of altered taste and smell perception and change in
blood pressure. Nutr Metabol Cardiovasc Dis 2018;28:877e83.
[20] Hoffman HJ, Cruickshanks KJ, Davis B. Perspectives on populationbased epidemiological studies of olfactory and taste impairment.
Ann NY Acad Sci 2009;1170:514e30.
[21] TRUE Consortium (inTernational consoRtium for qUality resEarch
on dietary sodium/salt). Recommended standards for assessing
blood pressure in human research where blood pressure or hypertension is a major focus. J Clin Hypertens 2017;19:108e13.
[22] Campbell NRC, Appel LJ, Cappuccio FP, Correa-Rotter R, Hankey GJ,
Lackland DT, et al. A call for quality research on salt intake and
health: from the world hypertension league and supporting organizations. J Clin Hypertens 2014;16:469e71.
[23] Webster J, Waqanivalu T, Arcand JA, Trieu K, Cappuccio FP, Appel LJ,
et al. Understanding the science that supports population-wide salt
reduction programs. J Clin Hypertens 2017;19:569e76.
[24] Bradford-Hill A. The environment and disease: association or
causation? Proc Roy Soc Med 1965;58:295e300.
[25] Busst CJ. Blood pressure regulation via the epithelial sodium
channel: from gene to kidney and beyond. Clin Exp Pharmacol
Physiol 2013;40:495e503.
[26] Pluznick JL, Protzko RJ, Gevorgyan H, Peterlin Z, Sipos A, Han J,
et al. Olfactory receptor responding to gut microbiota-derived
signals plays a role in renin secretion and blood pressure regulation. Proc Natl Acad Sci USA 2013;110:4410e5.

