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Introducﬂon

The purpose of this paper is to review the
nutritional context of two current health
problems reported forMongolia, These are
high maternal mortality rates and pre-
valences of childhood rickets. Explanatory
- hypotheses which can be tested by future
research are proposed.

The general problem of
maternal mortality

Maternal mortality is a significant but hith-
erto comparatively neglécted subject of
research in the developing world (Maine
1991).Incidenceshavebeenreported to vary
between 55 and 700 deaths per 100,000
livebirths (Kwast 1989), with isolated re-
ports of around 1,000/100,000 (Graham et
al. 1989). The five major direct causes are
obstructed labour, postpartum haemor-
rhage, hypertension, sepsis, and complica-
tions following abortion (Rosenfield 1989).
Generally seen as contributory factors are
age, parity, birth interval, accessibility of
antenatal care, and socio-economic status
(Kwast 1989). An analytical framework in-
tegrating these clinical, demographic and
socio-economic variableshasrecently been
proposed (McCarthy & Maine 1992), but
remains untested under field conditions.

Human nutrition in Mongolia:
maternal mortality and rickets

Reported rates of maternal mortality and childhood rickets in Mongolia are comparatively high and area
major health problem. This paper reviews recent literature on the causes of high maternal mortality and
childhood rickets, and suggests that seasonally variable nutrition underlies risk factors for these conditions.
These factors are likely to operate over an inter-generational time-scale. :

In Mongolia, maternal mortality ratios
ranged between 120 and 204 /100,000 over
the period 19851992, peaking in 1992, Up
until and including 1991, maternal death
statistics did notinclude deaths to women
during pregnancy before 28 weeks’ gesta-
tion. The substantial increase in 1992 is
therefore largely due to a change in classi-
fication in order to include these deaths
(Randall, pers. comm. and this volume). If
deaths of women while pregnant before 28
weeks' gestationareexcluded from the 1992
data, the rate for that year (159/100,000)
reflects a rise over the preceding five years
to alevel comparable with that of 1985-86.
While moderate compared to many other
regions of the developing world, theselev-
elsarerievertheless3-5times the40/100,000
reported for other Central Asian Republics
(Kazakhstan, Kirghizstan, Tajikistan,
Turkmenistan, and Uzbekistan) (Chenetal.
1992), which approach those characteristié
of western industrialised countries (30/
100,000; Kwast 1989). The little time-series
evidenceavailable suggests that majorfalls
of 50-80 percent in the maternal mortality
ratio(MMR) can be achieved by improving
access to antenatal and perinatal care, for
example by training of traditional birth at-
tendants, as in Taiwan (Kwast 1989) and
Nigeria (Harrison 1989). _

Mongolia has until now maintained
what is by international standards an ex-
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ceptionaliy high degree of health service
coverage, with 1 physician per 357 head of
population (Neupert 1992), and an esti-

-mated 95 percentof birthsoccurringin clin-

ics. These facilities have included mater-
nity waiting homes, which elsewhere have
since the nineteenth century been among
the more successful means of improving
maternal outcome but have been system-
atically supported by few countries
(Harrison 1989). Recent economic upheav-
alsresulting from the collapse of the Soviet
Union have placed Mongolian health serv-
ices under increasing pressure, at a time
when families in many areas are being
forced back ontoself-provisioning (Mearns
1993). A rise in the number of home deliv-
eries is thought to have contributed to the
recentincrease in MMR in 1992, but cannot

explain the formerly high levels.

Nutrition and maternal
mortality in Mongolia

The major proximate causes of maternal
mortality in Mongolia are reported to be

" haemorrhage (32 percent), sepsis and

uterine rupture (26 percent), toxaemia (21
percent), and ‘medical complications’ (21
percent) (Ministry of Health1992). The
incidences of maternal deaths associated
withhaemorrhageand toxaemiaare higher
than those reported for developingggum
tries onaverage (28 percent and I7percent
respectively; Kwast 1989). However, the
availableMongolian dataarenot presented
in a way which permits separation of hy-
pertension from other medical complica-
tions of pregnancy,

s'here are several ways in which nutri-
tion may influence maternal mortality risk.
In general, childbearing before cessation of
pelvic growth carries risks of cephalo-pel-

. vicdisproportion (CPD) (Rosenfield 1989).

In Mongolia, CPD may also be related to
pelvic distortion resulting from childhood
rickets, which is reported to occur in 43-47
percent of children aged 6-48 months
(UNICEF/Ministry of Health 1992) and is

232

considered in more detail below. Relation-

 ships of CPD with short stature have been

reported elsewhere (Sokal et al. 1991
Kwawukume et 4l. 1993). More generally,
relationships between stature and fertility
have been found in both sexes in a number
of populations of poorer and richer parts of
the world, but their interaction with socio-
economicstatushasnotbeensystematically
investigated (Eveleth 1985,Ulijaszek and
Strickland 1993).

‘Large birthweight babies (macrosomia)
may also be a source of CPD in Mongolia,
The prevalence of low birth weights (< 2.5
kg) was reported to be 4.5 percent in 1990
(Ministry of Health 1992). This is a com-
paratively low figure compared to ad-
equately nourished women (W/H? > 185
kg/m?) in the developing world where
values of around 5 percent would be ex-
pected (Kusin ef al. 1993). In a number of
studies, birthweights exceeding 4 kg have
been associated with maternal obesity and
impaired glucose tolerance {(‘gestational
diabetes’; Jarrett 1993), major obstetric
haemorrhage (Stones ¢t al. 1993), and with
consequential high risk of maternal mor-
tality in some developing countries(Megafu
and Ozumba 1988, Thonneau et al. 1992).
Although thereare no published reports of
non-insulin dependent diabetes mellitus
(NIDDM) in Mongolia, undiagnosed ges-
tational diabetes in association with obes-
ity may be implicated in high Mongolian
levels of maternal mortality.

Obesity in Mongolian nomads exhibits
a centripetal distribution of fat which is
probably related to seasonal climatic ex-
tremes and variationinfood supplies (Beall
and Goldstein 1992). In rural areas, body
weight and fatness could be expected to
show periodiccycling with rises in the sum-
mer months, when food resources are rela-
tively diverse and accessible, and declines
inwinter and spring when pastoralist fami-
lies are forced to depend on their livestock

- holdings as the sole or principal source of

subsistence. Mongolia has started to un-
dergo a transition from a socialist ‘com-
mand’ economy toa ‘freemarket’ economy,




and the amplitude of seasonal fluctuations
in food supply can be expected to increase,
particularly among those whose circum-
stances have worsened with the privatisa-
tion of pastoral collectives.

Insomerecentresearchstudies, periodic
weight cycling has been associated with
increased body fat deposition (Saris 1989),
and greater energy efficiency during exer-
cise in the non-obese (Manore ef al. 1991).
Instability of energy intake may induce
hormonal changes which raise efficiency
of energy turnoverin the active tissue mass
(Shetty 1990). However, reports of reduced
resting metabolic rate (RMR) in weight
cycling individuals (Brownell et al. 1986,
Steen et al. 1988) have notalways been sub-
stantiated in the experimental literature
(Melby etal. 1990, Manoreetal. 1991 Schmidt
et al. 1993). When there is frequent uncer-
tainty of food supply, mechanisms enhanc-
ing energetic efficiency may be an appro-
priate evolutionary adaptation. Weight
cycling in affluent countries, however, is
alsorelated to obesity and increased risk of
coronary heart disease (CHD) (Saris 1989,
Garrow 1992). In Mongolia, the incidence
of CHD hasrisen2.5-fold between 1986 and
1991, althotigh to a greater extent in urban
than rural areas (Strickland 1993), suggest-
ing that there may be common factors un-
derlying this of which the implications for
maternal health in Mongolia need to be
explored.

The prevalence of hypertension in Mon-
golia also appears to have risen, doubling
over the period 1986-1991 and with par-
ticularly highincreases of 4 to 11-foldinthe
cities (Strickland 1993). Hypertensmn dur-
ing pregnancy is one of the major risk fac-
tors for maternal mortality in the develop-
ing world (Kwast 1989). It could be specu-
lated that thisislinked toinsulinresistance,
macrosomia and CPD-related maternal
mortality.

Insulin promotes sodiumretention, and
insulin resistance and hyperinsulinaemia
may contribute to the pathogenesis of hy-
pertension (Reaven 1988). However, corre-
lations between hypertension and insulin
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resistance tend to disappear when body
weight and fatness or fat distribution have
been taken into account, and there is little
substantive evidence foramechanism link-
ing insulin resistance directly to hyperten-
sion and obesity (Jarrett 1992). There may
be effects of the foetal nutritional environ-
ment. Recent studies indicate that raised
blood pressureinadultsisinversely related
to birth weight, suggesting that hyperten-
sion is initiated during foetal life and is
amplified with ageing and obesity thereaf-
ter (Law et al. 1993). However, the theory
that intrauterine growth retardation pro-
vides a mechanism linking hypertension,
non-insulin dependent diabetes and im-
paired glucose tolerance in adulthood
(Halesetal. 1991) remains controversial and
inneed of furtherresearch (Cookefal.1993).

The role of the current Mongolian di-
etary pattern in maternal mortality is un-
clear. There are few quantitative data on
Mongolian diets,butmacronutrientintakes
appearatpresenttobe seasonally or chroni-
cally high in protein and fat (Strickland
1993). Qualitative information suggests
that, with recent economic liberalisation
emergingsince 1989, therehasbeen greater
dependence on meat and dairy produce as
the main sources of energy and nutrients
throughout the year (Cooper and
Gelezhamstin 1993). Recent experimental
studies on rodents indicate that low pro-

. teindiets raiserisks of hypertensioninlater

life (Langley and Jackson 1993 in press). It
is possible that the causes of .current pat-
terns of nutritional disease and maternal
mortality therefore need to be sought in
changes in diet following the expansion of
Soviet-subsidised wheat farming in Mon-
golia, which dates from the ‘Virgin Lands’
programme of the mid-1950s (Chalmers
1993) and which has now begun to decline.

These considerations underlie the need
to explore the theory that, in Mongolian
women of reproductive age, body fatness,
insulin resistance, high protein diets, and
weight cycling together conspire to raise
risk of maternal mortality in this popula-
tion.
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Table 1. Prevalence of rachitic signs by area and age group .

" Prevalence Range (percent)
, (percent)
Cities 4638 42.4-684
-1 Provinces 434 38.7-48.6
Age (mo) <6 348
712 485
1324 ; 54.8
2548 | 38.2

Source: UNICEF/Ministry of Health 1992.
Rickets

Childhood rickets is thought to be a major
problem primarily affecting those under 3
years’ age. Estimates of the prevalence in
the whole state were 8.0 percent in 1985
and 7.0 percentin 1988, figures which were
based on samples of around 60,000 infants
(FAO 1992). Table 1 shows the findings of
the most recent'sample survey. There are
slightly higher rates in cities than in pro-
vincial areas. The prevalence peaks in the
second year of life. Rickets in girls may re-
sultin pelvic deformities which later cause
difficulties in childbirth, and thus contrib-
ute to the high maternal mortality rate.
The diagnostic criteria on which these
prevalence data were based are shown in
Table 2. A large proportion of the rachitic
children exhibited bowed legs, the remain-
der craniotabes withor withoutlegdeformi-
ties. However, these diagnostic criteria are
far from perfect. For example, in a recent
study of Egyptian children aged below 3 y
whose rachitic state was identifed radi-
ologically by poor skeletal mineralization
and by low plasma concentrations of vita-

min D, leg deformities identified only 3¢
peércent of subjects; 4 percent of contro}
subjects without rickets also showed such
deformities; and none of the rachitic sub-
jects presented with craniotabes (Lawson
et al. 1987). Convincing estimates of the
prevalence of this condition in Mongolia
must therefore remain a matter of further
work, ‘

However,itis possible tospeculateabout
the causes of rickets in Mongolia. There are
two main routes of availability of the prin-
cipal circulating form of vitamin D (25-
hydroxycholecalciferol, calcidiol): the oral
route;and, endogenoussynthesisintheskin
by theaction of UV light on the precursor 7-
dehydrocholesterol. Endogenous vitamin
Ddiffusesslowlyinto theblood and is taken
up by the liver less rapidly than the oral
form, which appears to be preferentially
lost by excretion in bile. In contrast to di-
etary vitamin D, the endogenous supply is
continuous, prolonged and the most effi-
cientmeans of supply (Fraser 1983). Plasma
calcidiol varies with seasonal intensity of
sunlight independently of dietary vitamin
D (Cockburn et al. 1980), and is influenced

Table 2. Prevalence of rachitic signs in pre-school children

N

Sign Total prevalence
. (percent)
‘Craniotabes 117 197
Leg deformities 217 - 380
Both combined © 103 172
Total 437 749

Source: derived from data in UNICEF/Ministry of Health 1992.
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py skin pigmentation (Clemens ef al.
1982 Fairney et al. 1987, Meulenmeester et
al. 1990). Extensive irradiation can raise
plasma calcidiol to the level of 80 ng/ml,
which is harmless; but high oral doses (>
250 g/d, occasionally > 45 g/d) canlead to
jevels of >400ng /ml and toxicity shownby
hypercalcaemia (Bender 1992). Where the
intensity of sunlight falls below about 20
mJ /em?, beyond a latitude of about 40° N
or S, there is unlikely to be significant cuta-
neous synthesis of calcidiol during the win-
ter months of the year. This factor, together
with an age-dependent decline in 7-
.dehydrocholesterol in the skin during
adulthood, combine to raise risk of a sea-
sonal pattern of vitamin D deficiency par-
ticularly in the elderly (ibid.).

Production of the biologically most ac-
tive form (1,25-dihydroxychoiecalciferol,
calcitriol) from calcidiol in the kidney is
stimulated by arisein circulating para-thy-
roid hormone which results when the con-
centration of calcium in the extra-cellular
fluid falls below about 10 mg/100 ml
(Deluca 1982). Parathyroid hormone,
calcitriol and calcitonin regulate calcium
homeostasis, keeping plasma calcium
within thenarrow range of 2.2-2.55mmol/
L.by promoting absorption of calcium from
the gut and bony tissues (Bender 1992).
Hence bone demineralization (rickets in
children, osteomalacia in the ageing) is as-
sociated with depleted calcidiol, though
low levels of this form do not always in
themselves indicate inadequate vitamin D
status (Lawson et al. 1979). Vitamin D is
therefore more a hormone, regulating
homeostasis of calcium, than a micro-nu-
trient. However, itis thought toactinabout
30 target tissues (Norman and Lowe 1992);
and it is known to influence patterns of
insulin secretion, the synthesis and release
of thyroid hormones, the proliferation, dif-
ferentiation and immune function of
lymphocytesand monocytes,and anumber

of other cell types (Bender 1992). A rela-
tionship between vitamin Dstatus, reported
high prevalence rates of iodine deficiency
disorders (palpable goitres) (Gunsendorj
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and Oyunbileg 1992) and susceptibility to
infection cannot therefore be ruled out.

Hypocalcaemia is likely to be presentin
more advanced stages of vitamin D defi-
ciency (Cockburn et al 1980,Gupta ef al.
1974). This may result from low calcium
intakes or fromhigh dietary phytate, which
chelates calcium and reduce its bio-avail-
ability. Amechanism has been proposed to
explain this through the consequenthepatic
inactivation and degradation of calcidiol
which has been shown experimentally to
induce deficiency states (Clements et al.
1987). However, some studies of the aetiol-
ogy of rickets have failed to show clear
evidence of phytate-effects (O'Hara-May
and Widdowson 1974, Lawson ef al. 1987),
so there may be considerable interindi-
vidual (? genetic) variation in calcium re-
quirements.

The apparently high prevalence of rick-
ets in Mongolia has been thought to result
from low calcium in breast milk and tight
infantswaddling (Kachondam1993). Afear
of exposing small children to winds may
also limit exposure to sunlight {Randall,
personal communication), suggesting a
cultural dimension which needs further
study. These considerations suggest a sea-
sonal pattern in the aetiology of childhood
rickets. Season of birth could be important,
sinceinfant vitamin D derives largely from
placental transfer (Fraser 1983,Fairneyetal,
1987), and maternal storesmay bedepleted
in winter. Some studies have found that
breast milk does, however, protect against
neonatal hypocalcaemia and that vitamin
D supplementation may offset hypo-
calcaemic effects of artificial feeds
(Cockburn et al. 1980). InMongolia, height-
ened risk of rickets could also berelated to
time of birth and subsequent likelihood of
exposuretoadequate UV-radiation. Analy-
sis of future data on rickets in Mongolia
will need to take seasonality into account.

It has been argued that a diet containing
substantial quantities of whole milk may
reduce calcium availability in populations
exhibiting high frequencies of lactose in-
tolerance, and therefore promote the spread
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of genotypes favouring persistance of
lactase into adulthood in-high latitude
populations at risk of rickets (Durham
1990:279). Mongolians (including Kazakhs)
appear to show frequencies of the gene for
persistance of high intestinal lactase of
about0.062-0.126, among the lowest in the
world (Roberts 1985). However, they main-
tain high intakes of dairy products, and it
could be surmised that this factor is signifi-
cant in the aetiology of rickets. However,
experimental studies indicate conflicting
evidence:some reportno adverse effects of
lactose intolerance on calcium absorption
(Leichter 1981, Torun et al. 1984), or report
inconsistent findings (Phillips 1981,
Scrimshaw and Mugray 1988), suggesting
the need for further investigation of this
hypothesis.

The Mongolian data on dietary intakes
of calcium are limited, although extensive
use of dairy produce would make low cal-
ciumintakes unlikely.Ithas been estimated
thatpregnantwomen consume626+18mg/
d, children under 3 y 122 mg/d (Ministry
of Health, unpublished data from 1978-
1987). Estimated requirements in the West
are of the order of 400-600 mg/d in chil-
dren and adults, and 1000-1200 mg/d in
pregnant and lactating women. Some
populations nevertheless subsist appar-
ently adequately onintakes of 200-300mg/
d in Sri Lanka and regions of Africa; and
this is approximately the level of calcium
intake from milk in healthy, exclusively
breast-feeding babies under 6 months’ age
(Davidson et al. 1979). The age pattern of
Mongolian rickets suggests that the peak
occurs during the second year of life, after
which it diminishes. Lactase is expected to
decline over several years after birth. For
example, one American study reported
prevalences of lactose malabsorption of 27
percent, 33 percent and 74 percent respec-
tivelyinage-groups 1-2y,5-6y,and 11-12
y.and found a threshold age of 8 years after
which the blood glucose response to a lac-
tose load fell below that of younger chil-
dren (Paige 1981). The population in this
case may have had a PLA gene frequency
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of about 0.116 (Roberts 1985), and simjlar
to that of Mongolians, However, the physi-
ological challenge dose in such studies is 2
g lactose per kg body weight, consumegd
after an overnight fast; and effects tend to
be mitigated or eliminated when whole
milk or other items are consumed-with Jac-
tose. In addition, the effect of Mongolian
milk processing techniques on lactose ig
unclear. In general, therefore, an explana-
tion for Mongolian rickets based on the
consequences of lactose intolerance seems
implausible.

" An alternative hypothesis is that Mon-
golian diets containing high concentrations |
of protein, whether seasonally or through-
out the year, may contribute to poor cal-
ciumavailability through calciuretic effects
of this nutrient (Margen ef al. 1974, Hegsted
and Linkswiler 1981). However, studieson
purified protein diets ignore the effect of
phosphorus, which promotes calcium ab-
sorption and is present in meat-containing
diets. Thus, even if families are forced to
depend increasingly on highly protein-
aceous diets of meat and the products of
milk from their livestock throughout the
year, this factor is unlikely to explain the
prevalence of rickets. ‘

Of these three hypotheses, the most con-
vincing is that of seasonally poor exposure
to UV-radiation.

Concluding remarks

Where childhood rickets results in pelvic
deformity, it is plausible to suppose that
the problems of maternal mortality and
rickets are connected. However, as this
paper illustrates, understanding nutritional
factors contributing to these health prob-
lems will require substantive cross-disci-
plinary research. :
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