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Abstract
Objective-To investigate the relation between

undernutrition and diabetes.
Design-Survey of glucose tolerance in rural

Tanzania.
Setting-Eight villages in three widely separated

regions ofTanzania.
Subjects-8581 people aged 15 and above: 3705

men and 4876 women.
Main outcome measures-Oral glucose tolerance,

body mass index, height, and low haemoglobin and
cholesterol concentrations.
Results-In the eight villages 42-7-56-9% of all

men and 300-45S2% of all women had a body mass
index below 20 kg/M2; the lowest quintile was
18-2 kg/m2 in men and 18-6 kg/M2 in women. The
prevalence of diabetes did not change significantly
from the lowest to the highest fifths of body mass
index in men (lowest 1/6% (95% confidence interval
0.8% to 2.9%) v highest 1.3% (0.7% to 2/5%)) or
women (1.1% (0.6% to 2.1%) v 0.5% (0.2% to 1.2%)).
In men and in women prevalence of impaired
glucose tolerance was greater in the lowest fifths of
height (8.2% (6.3% to 10.6%), and 11.1% (9.2% to
13.3%)) respectively and body mass index (960/u
(7.5% to 12*1%)/, and 8/4% (6707% to 10.5%)) than in
the highest fifths (impaired glucose tolerance 4-7%
(3.4% to 6.5%); and 5.1% (3.9% to 6.7%); body mass
index 5.1% (3.7% to 7.0%), and 7.7% (6.2% to 9.6%).
Conclusion-Rates of diabetes were not signi-

ficandly associated with low body mass index or
height, but overall rates were much lower than those
in well nourished Western populations. Increased
impaired glucose tolerance in the most mal-
nourished people may reflect the larger glucose load
per kilogram weight. The role of undernutrition in
the aetiology of diabetes must be questioned.

Introduction
In 1985 the World Health Organisation expert

committee on diabetes mellitus introduced mal-
nutrition related diabetes mellitus as "a major clinical
subclass, ranking with insulin dependent diabetes
mellitus and non-insulin dependent diabetes
mellitus."' Bajaj suggested that there are at least two
subclasses of malnutrition related diabetes mellitus:
fibrocalculous pancreatic diabetes and protein defi-
cient pancreatic diabetes, and this classification has
been adopted by the WHO.2 Several reviews of malL
nutrition related diabetes have been published.'- Most
have favoured the view that chronic undernutrition is a
key factor in the causation of malnutrition related

diabetes mellitus, but direct evidence is poor and we
have questioned the existence of the protein deficient
form of malnutrition related diabetes mellitus.P

Traditionally a low body weight and energy intake
were considered to decrease the risk of diabetes.3 This
view was based on observations such as the reduced
incidence of diabetes mellitus in Europe during the
first and second world wars" and the observation that
the prevalence of non-insulin dependent diabetes
in different countries was positively related to the
"average fatness" of the population.' The same asso-
ciation has been observed in intrapopulation studies.
Gupta et al found that, among urban Indians, rates of
diabetes were 3 6%VO in subjects with a normal body
weight and 1.5% in very lean subjects." On the other
hand, Rao cited the results of a large study in India in
which rates of diabetes were not significantly different
between urban and rural subjects as evidence pointing
to an association between diabetes and undernutrition,
since most rural subjects were undernourished.4 In
general, diabetes is less common in undernourished
populations than in well nourished populations.12
This does not, however, answer the question clearly
whether within the same population chronic under-
nutrition leads to a clinically and statistically signifi-
cant increase in diabetes. We attempted to answer this
question by studying glucose tolerance in rural African
communities with a background of malnutrition.

Patients and methods
The study was carried out in eight villages in

Tanzania and forms part of a long term programme
aimed at reducing morbidity and mortality with con-
tinuing care. (Treatment was offered to all those found
to be ill during surveys.) Six villages were chosen at
random in two contrasting regions: Kilimanjaro, one
of the most prosperous, and Morogoro region, one
of the more economically disadvantaged."' Of the
remaining two villages, one in Mara region was chosen
because the inhabitants had been exposed to high
concentrations of dietary cyanide, and the other in
Kilimanjaro region was chosen because hypertension
was thought to be common. In four of the eight villages
the total population aged 15 years and over was about
1000. The entire adult population in these villages was
therefore invited to participate in the study. In the
other villages a list of the names of the leaders of the 10
cell units (10 families) was obtained and the number of
units required to provide about 1000 subjects was
selected at random. Slightly more people were selected
in Uswaa village. Lengthy discussions were held with
village leaders before the start of the study to ensure
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high rates of compliance. Table I shows that village A nutritional survev sponsored by UNICEF was
sample sizes ranged from 899 (Mdawi) to 1430 (Uswaa) carried out among children in Usari village, one of
with response rates of 72-5 O to 96%. Also shown are our study villages, in Kilimanjaro region during
age and gender and the main staple carbohydrates September-October 1987. Thirty seven per cent of the
consumed. Both Morogoro and Kilimanjaro regions children were found to be malnourished.7
are regions of agricultural importance, but the per
capita income and meat consumption of peasant MAETHODS
farmers in Kilimanjaro is higher than that of peasants Subj'ects participating in the surveys were requested
in Morogoro. Childhood malnutrition is common to report to the village school or dispensary after an
in both regions despite these differences. Since infor- overnight fast. Venous blood samples were taken
mation on the nutritional state of children is important fasting and, except for known diabetic patients, two
when investigating a possible relation between glucose hours after a 75 g oral glucose load. A beam balance was
intolerance and undernutrition we attempted to docu- used to measure weight without shoes or coats and
ment information on the nutritional state of children in height was measured in bare feet. Age and sex were
the villages and districts where the surveys were recorded on a questionnaire.
carried out. Portions of the fasting and two hour blood glucose

samples were drawn into fluoride tubes and analysed
NUTRITION at the survey site with a glucose analyser (Yellow
The overall prevalence of protein energy mal- Springs Instruments, Ohio, United States) with appro-

nutrition in rural Tanzania varies between 30%V and priate quality control measurements as previously
800/o, with half of the under 5 year old populationi being described.' An aliquot of sample was also kept frozen
undernourished in most areas." If undernutrition is at -20'C for analysis of serum cholesterol by an
assessed by height for age, about 60%/ of children are enzymatic method'" with the Cobas Bio centrifugal
stunted during their fourth year, and even among older analyser (Roche, Welwyn Garden City). Serum
children rates of stunting remain around 300 . Studies cholesterol concentration was used to provide a crude
have shown that most people receive only about 60% of indication of fat and animal protein intake. Haemo-
their daily protein requirements.'15 globin was also used as an indicator of nutritional status
The nutrition and health of children in one village and was measured with a BMS haemoglobinometer

in Morogoro region with similar characteristics to (Buffalo Medical Specialties, Buffalo, United States).
Msolwa (one of the villages in Morogoro in this study)
have been studied extensively.11 A high degree of DE5FINI'IIONS
stunting (35-71%o) was found among children aged Diabetes was defined according to the 1985 WHO
1 month to 15 years and wasting in 3-20%). The infant criteria'-that is, two hour blood glucose concen-
mortality rate was 198 per 1000 births, which was tration ._ 10 0 mmol/l for diabetes and ._: 6-7 mmol/l
much higher than the national average of 137 per 1000. but < 10 mmol/l for impaired glucose tolerance. For

TABU iAge4iici ex 1'st7'ut10n sujecs siid'cdin l'(ht illgesdiagnosis of diabetes at least two abnormal blood
TAHIiI ge ad se disribuion fsujcssuidInejtedgs glucose values were required in an asymptomatic

No of No No Mean age ~~~~~~person but for epidemiological studies a single diag-
\'ilage ubjetsivite No ) N ( ) Meanage tapl carohydate nostic value was acceptable. All the subjects withVillge sbj'ctsivite resondig me (yers) tapl carohNdatc

diabetes already diagnosed at the time of study had
Madazini 1346 1141 (84-8) 567i (49-7) 34 Maize. rice fasting blood guoeconcentrations .-6-7 mmol/I and
Miellela 1 337 969) (725) 414 (42-7) 38 Mdilletglcs
Msolwa 1027i 076 (95-0) 492 (50-4) 34 Maize, rice, cassava were defined as diabetic irrespective of their current
Mdawi 936 899 (96-0) 309 (34-4) 4 1 Banana treatment. Bovmass index was defined as weight (kg)
Naibili 1135 1090 (94-4) 462 (42-4) 36 Banana, mnaize, rice Bd
Usari 19 10'99 7 36 8 Bnn divided by the square of height (in). Patients with a
Us"waa 151)3 1430 (95-0) 601 (42-0) 4 1 Banana body mass index below 20 kg/in2 were regarded as
Nvambori 1424 10)68 (751)) 482 (45-1) 34 Cassava underweight, those with an index 20-24-9 kg/Mn2 as

Distributionofthaenfuiglobin andcdhholstroolesterol Osconcentrationsx i and i e bodvllgey Vlus irei1iibe-s(pecetaes)iiiOsstaeindex-is

Haemoglobin (g/1) Cholesterol (mmoU/l) Body mass index (kg/m)

\'illagc <110 1 10-129 130 Mean (SD) 3-3* >5 2 Mean (SD) 201) >-25-0 Mean (SD)

Madazini 1 57 (27-8) 235 (45-0) 135 (27 3) 118 (18) 258 (45-5) 35 (6-1) 335 (11)) 242 (42-7) 19 (3-4) 20)4 (2-4)
Melela 92 (22 1) 208 (50-2) 1 14 (27i-6) 118 (17) 263 (63-6) 7 (1-7) 3-0 (0-8) 191 (46-1) 7 (17) 20-1 (2-2)
Msolswa 165 (33-52( 2 (46 2) 100 (20 3) 113(18) 21)2 (41-0) 29 (5.9) 3-6 (1-0) 248 (50-4) 8 (1-6) 19-9 (2-2)
Mdawi 12 (40) 107 (34-7) 190 (61 3) 132 (15) 19 (6-2) 1 17 (38-0) 5-0(1 3) 176 (56-9) 13 (4-3) 19-6(2-8)
Naibili 11 (2 4) 73 (15-8) 378 (81-8) 142 (17) 75 (16 3) 122 (26-3) 4-5 (1-3) 209 (45-3) 17 (3-6) 20-3 (2-4)
Usari - (1 91) 25 (6-7) 347 (91-5) 151 (19) 115 (30 3) 32 (8-4) 3-9 (1-1) 180 (47-6) 13 (3-5) 20-2 (2 3)
Us-waa 32 (5 3) 290 (48-2) 279 (46-4) 128 (14) 156 (25-9) 62 (10-3) 41) (1-0) 279 (46-4) 28 (4-7) 20-3 (2-4)
Nvambori 131 (2-1 3) 261 (54-2) 90 (18-6) 116 (14) 145 (30-0) 28 (5-8) 3-7 (0-9) 241 (49-8) 14 (2-9) 2031 (2-5)

T'otal 126 (21) 3.1) (1-2) 2131 (2-4)

*Two standard deviations below the mean far Britttsh sub)Lccts.

tAL.ii-Di'str-'ibuti'on of haentioglobhti anid chotlesterol concentrations and body uia5s indexv in ztaomen int eiglht villages. Values ar-c numbers (percentages,) uniless stated other-wise
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TABLE w-Crude prevalence (%.) of di'abetes and imlpaired glucose toleranlce according to body miass inidex (diVided by quintile.s) and age groups

Diabetes Impaired glucose tolerance

Bodv mass All ages All ages
index (95"/0 confidence (95%o confidence
(kg/mr) 1 5-34 years 35-54 vears 55 years interval) 15-34 years 35-54 sears 55 years interval)

NMen:
18 2 0 8 0 7 4 2 1 6 (08 to 29) 5 8 8 6 19 2 9 6 (75 to 12 1)

-195 0(3 0l5 3-5 1 1 (0(5 to 2'3) 5 3 6-5 15 7 9 1 (63 to 104)
-206 0(6 0 9 3 0 1.2 (0.5 to 2.4) 4 2 6-6 9 5 6 1 (4 5 to 8 1)
-218 0.5 13 0(8 08 (03 to 19) 25 61 92 48 (34 to 67)
-21 9 0(3 0 7 4 8 1 3 (07 to 25) 2 0 6 6 8 9 5 1 (37 to 70)

Total (95%
confidence
interval) 05(02to 10) 08(04to 16) 33(22to49) 12((9to 16) 40(32to51) 67(53to84) 128(106tol54) 67 (59to76)

Women:
18-60i 2 0 8 2 7 1 1 (0 6 to 2 1) 4 2 9 7 13 8 8 4 (6 7 to 10 5)

-201 00 13 05 05 (02 to 12) 58 66 119 72 (57 to 90)
-215 0(2 0(4 2 4 0-5 (0 2 to 1 3) 5.0 9 8 16 0 7 8 (6-2 to 97)
-23 2 0 7 0-7 3.7 1 1 (0-6 to 2 1) 4-4 6 9 10 3 5 8 (44 to 7 6)
>232 0 0 0 9 1 6 0 5 (0 2 to 1 2) 3 8 9-6 19 4 7 7 (6 2 to 9 6)

41otal (95%1i
confidernce
interval) 02 (01 toOS) 08(04to 15) 21 (13to34) 07(05to 10) 46(38to55) 85(71to 10l)141(118to168) 74(67to82)

X: analNsis for trends non-significant for diabetes for both genders combined (p=036) and for genders separatelv; X = 11-51, p - 0-0007 for impaired glucose
tolcrance, genders combined.

mFAn31v V-Crude prevalence (') Ofdiabetes anid imlpaired glucose tolerance accordinzg to height (divided bx' quintiles) anid age groups

Diabetes Impaired glucose tolerance

All ages All agcs
Height (95¼1. confidence (95" confidence
(m) 15-34 vears 35-54 years 55 vears interval) 15-34 vears 35-54 years - 55 years interval)

MNen:
- 1 58 0(5 1 5 4-5 1-3 (06 to 26) 5-2 11 0 161 8 2 (6 3 to 10-6)
- 163 0(6 1 3 2 9 1 4 (0 7 to 2 6) 3 7 8.6 18 9 9-3 (7 4 to 11 6)
- 1665 0(7 0 5 2 4 1 0 (04 to 22) 4 3 4.5 9.5 5 7 (4 1 to 7X8)
- 171 06 0.0 39 11 (05 to 23) 33 63 11)5 58 (42 to 7.9)
:; 1 71 0)3 1 1 3.4 1 1 (0(5 to 2-2) 3-3 5 1 7 6 4-7 (3 4 to 65)

Total ((5,'
confidence
interval) 0)5 (0(2' to 1 0) 0 8 (0 4 to 1-6) 3 3 (212 to 4-9) 1-2 (0(9 to 1 6) 4-0 (3-2 to 5 1) 67 (53 to8 4) 12 8(10 6to 154) 67 (59 to 76)

W!omen:
1 505 02 11 27 10 (05 to 19) 71 114 192 111(92to133)

-1545 0(4 1.0 3 1 10 (0(2 to 1.9) 5 0 7 5 14 8 7 5 (611 to 9.4)
1 575 0(0 00 06 0 1 (OO to 07) 46 87 146 77 (61 to97)
1 615 0)2 0 7 2-8 0 7 (0 3 to 1-5) 3 5 8 9 8 5 5.7 (4 3 to 7 4)
1615 0(3 13 09 07 (03 to 15) 35 64 95 51 (39 to 67)

I otai (95)';,`
confidcnce
interval) 0 2 (0(1 to OS5) 0-8 (0 4 to 15) 2.1 (1l3 to 3-4) 0-7 (0S5 to 1 0) 4.6 (3 8 to 55) 8E5 (7l1 tolO 1) 141 (11-8to 16 8) 7 4 (6 7 to 8-2)

X analysis for trends non-significant for diabetcs for sexes combined (p=0(23) or separately; X= 4()27, p < 0 0001 for trends for impaired glucose tolerance.

normal weight, and those with an index 25 kg/m2 and Results
over as overweight. Quintiles of body mass index and Tables II and III show the distribution of body mass
height were calculated for each sex separately. index, haemoglobin, and cholesterol concentrations.
Normal values of haemoglobin concentrations for About half of the men and over a third of the women

men were 130 g/l or higher and for women 120 g/l or were underweight by the conventional criterion of
higher. Since, however, the haemoglobin concentra- body mass index <20 kg/m2'. Body mass index was less
tions in both sexes in rural Africa are about I 0 g/l lower than 17 3 kg/m2 and 17 6 kg/m2 in I10% of men and
on average than the normal,"' the distribution Of women respectively, reflecting severe current under-
haemoglobin in the survey populations was divided nutrition. Anaemia was common in the three villages in
into three categories: < 1 10, 1 10-129, and 130-170 g/l Morogoro region (values for both sexes together were
for men and <100, 100-119, and 120-160 g/l for 22.1% in Melela, 31.2% in Madizini, and 28-3% in
women. Cholesterol values were divided into three Msolwa) and in Nyambori in Mara region (21 8%),
bands: above 5 1 mmol/l (which is raised according to suggesting more long term malnutrition. Mean serum
the European Atherosclerosis Society and the United cholesterol concentrations were also significantly lower
States national cholesterol education programme') in Morogoro region, reflecting the low intake of
below 313 mmol/l (2 SD below the mean for British fat and animal protein in these villages. In Mdawi
subjects),22 and 3 3-5 1 mmol/l. (Kilimanjaro region) the cholesterol concentrations

were similar to those found in an Asian Muslim
ANAIX\SIS OF D)AT1A community in Dar es Salaam.'4

Data were analysed with the statistical package Table IV shows the crude prevalences of diabetes
SPSS.'5 Analysis of variance (procedure, means) and X' and impaired glucose tolerance by age groups and fifths
tests (procedure, cross tabulation) were used as appro- of body mass index. No consistent relation was found
priate. Multiple regression of measured variables between rates of diabetes and body mass index (X'
against fasting and two hour post glucose load blood analysis for trends, NS), although the prevalence of
glucose concentrations was performed, as was stepwise diabetes increased with age. Similarly, there was no
logistic regression for determinants of diabetes and relation between height and rate of diabetes (table V).
impaired glucose tolerance. For the lowest tenth of body mass index (<17 3 kg/m'2
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for men and < 17-6 kg/in for women) prevalences of iABoiE V1i1 A/u/tip/c Stcpt-ci'Sc reoression analysis of' blood gluicosc
diabetes and impaired glucose tolerance wvere 1 .50 concentration, body niiass 'index, heig/t age a sex z,i'th lstin
(95%o confidence interval 0-8W0/ to 2-8%1) and 9-00/0 blood glucose and tzaco hour bloodi gluicose concentrations ais dependentvariable
(7-10/0 to 11-2%/). For the highest tenth (>23-1 kg/rn2
for men, > 24-7 kg/rn2 for women) the respective rates Variable Tvaluc Significance
were 1-2%V (0-6%/ to 2-2%) and 7-2%V (5.6%/ to 9-20 ).Fatgbloguos
Impaired glucose tolerance prevalence was highest in 2 Hour blood glucosc 45-09 <0.(001I
the lowest fifths of height (p <0.05 both sexes; p < 0-05 Age 8-66 <0-000
men only) and body mass index. However, when those Sex -3-03 0-0024Height 3-70 0-(0002overweight by conventional standards (body mass Body mass index - 2-52 0-0016
index ~_ 25 kg/in2) were considered (n= 545) the preva- Constant 14-28
lence of diabetes was 1-9%V and of impaired glucose Miultiple R=0-478, R=0-2218
tolerance 8-90/, rising to 6-0% and 20.0%/ respectively
in the oldest age group. No correlation was seen Fatn lo lcs HouirbloodgluictseFast'ng blod glucose45-09 <0-0001I
between diabetes or impaired glucose tolerance and Height -8-69 <0-0001
haemoglobin orcoetrlcnetain.Age 8-19 0-0001~~ or cholesterol concentrations.~~~~~~~~~Sex 5-73 < 0-001)ITables VI and VII show mean blood glucose Bodv mass index -2-57 0-1)15
concentrations by age groups for each fifth of body Constant 9-27
mass index and height. Both fasting and two hour M\ultiple R=0-466, R-.=0-217
blood glucose concentrations were higher for the older
than the younger age groups. However, no clear
pattern was seen for fasting blood glucose concentra- regression of determinants of diabetes and impaired
tions with either body mass index or height, although glucose tolerance, including height, body mass index,
two hour glucose concentrations tended to be higher in age, and sex, only age was significantly associated with
the lower than the upper fifths (p <005). diabetes and impaired glucose tolerance.
Table VIII shows the determinants of the fasting and

two hour blood glucose values. Not surprisingly, the
two hour blood glucose was the main determinant of Discussion
fasting blood glucose and vice versa. Age was the other This study indicates that in Tanzania, at least,
major determinant of both glucose values. Height was diabetes is not more common in the most under-
strongly and negatively associated with two hour blood nourished members of the population, and that it is
glucose but more weakly and positively with fasting much less common than in well nourished Western
glucose. Body mass index was, however, negatively populations.5 Indeed, the Tanzania' ae of diabetes
correlated with both glucose values but this was the and impaired glucose tolerance may be overestimates
weakest of the associations. On stepwise logistic as they were based on a single oral glucose tolerance

test in a population unaccustomed to venepuncture.26
'FABLE VI-Mean blood glucose concentrations 0iinmotl/l by bodi mass Rates of diabetes in the two lowest fifths of bodyindex, fifths,andagegroups ~~~~~~~~~~massindex (both below 20 kgr) and the lowest

tenth were not significantly different from rates in the
Fasting blood glucose 2 Hour blood glucose upper two fifths (13240 and 0-80/ v 1 .0/o and 0-90/

Bodv
mass index 15-34 35-54 .55 All 15-34 35-54 .ss5 All respectively). There was a trend for those of lowest
(kg/rn-) years ylears years ages vears years rlears ages height, reflecting long term poor nutrition, to have

4en 2 higher rates of diabetes and impaired glucose tolerance.
18-2 4-2 4-1 4-2 4-2 4-7 4-5 5-7 4-9 It should be emphasised that these trends reflected a

-19-5 4-1 4-2 4-4 4-2 4-4 4-3 5~0 4-5 tiny numbeofcss23prI0 oultn- d-20-6 4-1 4-2 4-4 4-2 4.3 4-3 4-8 4-4eroca s-3pr100 oultnad
-21-8 4-0 4-3 4-2 4-1 4-2 4-4 4-6 4-4 the effect, even if statistically significant, is clinically
-.9 4-0 4-1 4-4 4-1 4-1 4-2 4-8 4-3 trivial. Fasting blood glucose concentrations were not

T'otal 4-1 4-2 4-3 41-2 4-4 4-3 5-0 4-5 significantly different among fifths of body mass index
V'omen: ~~~~~~~~~andheight, although two hour blood glucose values

<_18-6 4-1 4-3 -4-5 4-2 4-7 5-1 5-3 5-0 and impaired glucose tolerance rates, which are
-20-1 4-0 4-2 4-3 4-1 4-7 4-8 5-1 4-8 defined by two hour glucose values, were higher in the
-21-5 4-0 4-2 4-5 4-1 4-6 4-9 5-4 4-8 lowest fifths than in the higher fifths for both body-23-2 4-0 4-1 4-5 4-1 4-6 4-7 5-2 4-7

>23-2 3-9 4-2 4-4 4-1 4-5 4-9 5-i 4-8 mass index an0 height. This difference could either be
Ttl 4-0 4-2 4-4 4-1 4-6 4-9 5-3 4-8 a genuine effect or, more likely in the absence of anyTotal ~~~~~~~~~~~~~changein fasting blood glucose, reflect the fact that all

subjects, irrespective of weight, were given 75 g
TABLE vui-Mean blood gluicose concenitrationps (mino/lf) by, height, glucose-that is, the lightest individuals received the-

fifths, andagegroups ~~highest glucose load per kilogram weight.2 Short term
malnutrition could also have contributed.28 This also

Fasting blood glucose 2 Hour blood glucose fits the observation that although there was a negative
Height 15-34 35-54 .,,55 All 15-34 35-54 .~55 All correlation between height and two hour blood glucose,
(in) years years years ages vears vears years ages a weak positive relation was seen for fasting glucose
Mlen: (table VIII).

<1-58 4-2 4-2 4-2 4-2 4-6 4-8 5-4 4-8

-1-665 4-0 4.)-1 4-3 4.-1 41-3 4-3c 4i-9 4-4r
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glucose tolerance and non-insulin dependent diabetes
mellitus in later life.35 We have no evidence to support
or refute these suggestions, although the overall low
prevalence of non-insulin dependent diabetes
and impaired glucose tolerance makes any important
contribution unlikely. Overnutrition in later life,
which increases insulin requirement, may uncover a
defect in the secretory capacity of B cells, which could
explain the current epidemic of non-insulin dependent
diabetes mellitus in developing countries that have
recently become more affluent."' This is a separate
problem from that of malnutrition related diabetes
mellitus, in which current as well as previous malnutrition
is said to be a key component.
Postmortem studies in humans have also shown that

severe kwashiorkor may be associated with structural
changes in the pancreas.3" It is uncertain, however,
whether the functional and structural changes are
sufficiently severe to lead to permanent diabetes. Our
results suggest that they are not.

Undernutrition has also been suggested as a pre-
disposing factor in tropical chronic calcific pancreatitis,
possibly associated with recurrent attacks of gastro-
enteritis. " In Africa this disease has been described
mainly in young adults in Uganda3"3 and Nigeria.4" If
undernutrition were a key factor in the development
of tropical chronic calcific pancreatitis it would be
expected to be commoner than it is in other parts
of Africa where malnutrition is more widespread."
Alcohol is almost certainly an important cause of
chronic pancreatitis,42 but does not account for calcific
pancreatitis in the young.

ASSESSNIENT OF NUTRITION

The populations we have studied could be said to be
insufficiently malnourished or undernourished for an
insufficient time to induce irreversible B cell failure. It
is also possible that those who developed diabetes died
undiagnosed. This possibility, while unlikely, cannot
definitely be excluded. The assessment of under-
rnutrition in adults is difficult. No single satisfactory
measure exists, but body mass index is possibly the
best available. About 40% of our population were
underweight according to accepted body mass index
standards. Some authorities in Africa havie proposed
that the lower limit of normal for body mass index in
African subjects be reduced (T Johnson, personal
communication). But there is no evidence on which
to base this proposal, and studies have yet to be
conducted which relate body mass index to mortality in
Africans. We therefore believe that the low values for
body mass index found in our study reflect under-
nourishment in a large proportion of the population.
The low haemoglobin concentrations in four of the
eight villages also point to poor nutritional state.
Assessment of chronic protein energy malnutrition

is even more difficult. Many experts regard the
ultimate height of populations as the most satisfactory
index of chronic undernutrition during the period of
growth and development. Genetic factors play a large
part in the determination of height, but it is now widely
accepted that improvement in the nutritional state of a
nation's population increases the mean height of its
citizens.," 4 The mean height of the study population
was significantly less than the mean height of a British
population.45 In addition, evidence of poor nutrition in
children in several areas in which the studies were
performed' also provided circumstantial evidence
that the adults had grown up in an adverse nutritional
environment. This is therefore strong evidence that
both current and past undernutrition were common in
the study populations. Importantly, there were also
no differences between prevalence of diabetes and
impaired glucose tolerance in the least advantaged and
the most advantaged villages.

The proponents of malnutrition related diabetes
have also suggested that while undernutrition may not
lead to the development of diabetes it may increase the
vulnerability of the pancreas to harmful environmental
factors.4 Cyanide from the consumption of inade-
quately processed bitter cassava has been proposed as a
possible environmental toxin.', We found, however,
that rates of diabetes in one village where the inhabi-
tants were exposed to high levels of dietary cyanogenic
glucosides from consumption of insufficiently pro-
cessed cassava were not significantly different from
rates in the seven other villages.47
Our studies of glucose tolerance in rural Tanzania

have therefore failed to confirm the widely held
hypothesis that undemutrition by itself or under-
nutrition and environmental toxins are a significant
cause of diabetes in undemourished populations.

We thank the Ministry of Health, United Republic of
Tanzania, for permission to carry out the study; the com-
munities for their cooperation and participation; and the
director general of Muhimbili Medical Centre, the British
Council, and the British Diabetic Association for support.
Thanks are also due to the staff of the department of
biochemistry, Muhimbili Medical Centre, and department of
medicine, University of Newcastle upon Tyne, for technical
help.

1 WHO Study Group. Diabetes mellitus. WHO Tecitlical Report Series 1985;
727.

2 Bajaj JS. Diabetes niellitts int developintg countries. New Delhi: Interprint, 1984.
3 McMillan DE, Geevarghese PJ. Dietary cyanide and tropical malnutrition

diabetes. Diabetes Care 1 979;2:202-8.
4 Rao RH. Diabetes in the undernourished: coincidence or consequence?

Entdocr Rev 1988;9:67-87.
5 Keen H, Ekoe JM. The geography of diabetes mellitus. Br Med Bull

1984;40:359-65.
6 Abu-Bakare A, Gill GV, Taylor R, Alberti KGMM. Tropical or malnutrition

related diabetes: a real syndrome? Lancet 1986;i:1135-8.
7 Khardori R. Undernutrition and diabetes. Diabetes Care 1985;8:302.
8 West KM. Epideutiologe (f diabetes and is vascular cstiiplicatio?os. New York:

Elsevier, 1978:231-73.
9 Himsworth HP. Diet in the aetiology of human diabetes. Iroc R Soc Med

1 949;42:323-6.
10 West KM, Kalbfleisch JM. Influence of nutritional factors on prevalence of

diabetes. D)iabetes 1971;20:99-108.
11 Gupta OP, Dave SK, Gupta PS, Hegde HS, Agarwal SB, Joshi MN, et al.

Aetiological factors in the prevalence of diabetes in urban and rural
populations in India. In: Baba S, Goto Y, Fukui I, eds. Diabetes utellitus i
Asia. Kyoto, Excerpta Medica, 1976:23-4. (Excerpta Medica International
Congress Series 390.)

12 Rao RH. The role of undernutrition in the pathogenesis of diabetes mellitus.
Di'abetes Cawe 1984;7:595-601.

13 McLarty DG, Kitange HM, Mtangi BL, Makene WJ, Swai ABM, Masuki G,
et al. Prevalence of diabetes and impaired glucose tolerance in rural
Tanzania. Laticet 1989;i:871-5.

14 Kimati VP, Scrimshaw NS, The nutritional status of Tanzanian children: a
cross-sectional anthropometric community survey report. East Afr Med J
1985;62:105-17.

15 Mrisho F. Epidemiology of malnutrition in Tanzania. In: Italian Medical
Team, ed. alahnitritiott itt 7at;zattia. Padua: CUAMM, International College
for Health Cooperation in Developing Countries, 1986:7-16.

16 Tanner M, Bumier E, Mayombana C, Betschart B, de Savigny D, Marti HP,
et al. Longitudinal study on the health status of children in a rural Tanzanian
community: parasitoses and nutrition following control measures against
intestinal parasites. Acta Trop 1987;44:137-74.

17 UNICEF. Prelinintarn! report. Hai tnutritiont catttpaign. Dar es Salaam: UNICEF,
1987.

18 Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic deter-
mination of total serum cholesterol. Clint Che?n 1974;20:470-5.

19 Flemirtg AF. 'I'he blood. In: Parry EHO, ed. Prittciples of tttedicitne itt Africa.
Oxford: Oxford University Press, 1984:705-60.

20 Study Group of the European Atherosclerosis Society. Strategies for the
prevention of coronary heart disease: a policy statement of the European
Atherosclerosis Society. Eur Heartjf 1987;8:77-8.

21 National Heart, Lung, and Blood Institute Workshop. Recommendations
regarding public screening for measuring blood cholesterol. Arch Ititertl Med
1 989;149:2650-4.

22 Mann JI, Lewis B, Shepherd J, Winder AF, Fenster S, Rose L, et al. Blood
lipid concentrations and other cardiovascular risk factors: distribution,
prevalence, and detection in Britain. BAI 1988;296:1702-6.

23 SPSS, Norusis MJ. SPSS/PC: SPSSfior the IBM PN /XT/AT. Chicago: SPSS,
1986.

24 Alberti KGMM, Swai ABM, McLarty DG, Kitange HM, Chuwa LM, Sherrif
F, et al. Plasma lipids and glucose intolerance in different communities and
racial groups in Tanzania. Diab Res Cli't Pract 1988;5(suppl 1):S449.

25 Harris M, Hadden WC, Knowler WC, Bennett PH. Prevalence of diabetes and
impaired glucose tolerance and plasma glucose levels in US population aged
20-74 years. Diabetes 1987;36:523-34.

26 Swai ABM, McLarty DG, Kitange HM, Kilima PM, Masuki G, Mtangi BI.,
et al. Impaired glucose tolerance. A methodological myth? A study in
Tanzania. Diabetes 1991-40:516-20.

27 West KM. Epidetnuologe of diabetes atnd its vascullar cotttplicationts. New York:
Elsevier, 1978:74-80.

28 Heard CRC, 'I'urner MR. Glucose tolerance and related factors in dogs fed
diets of suboptimal protein value. Diabetes 1967116:96-107.

BMJ VOLUME 305 31 OCTOBER 1992 1061

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.305.6861.1057 on 31 O
ctober 1992. D

ow
nloaded from

 

http://www.bmj.com/


29 Swenne 1, Crace CJ, Nilner RDG. Persistent impairment of insulin secretorv
response to glucose in adult rats after limited period of protein-calorie
malnutrition carls in life. Diabetes 1 987;36:454-8.

30 (Gopalan C, Venkatachalam PS, Rao KS, Menon PS. Studies on nutritional
edema: clinical, biochemical and pathological observations. Indiada 7 Med
S'i 1952;6:277-95.

31 Smith SR, Edgar PJ, Pozefskv T, Chetri MK, Prout TE. Insulin secretion and
glucose tolerance in adults with protein-calorie malnutrition. Metabolisme
1975;24: 1073-84.

32 Cook GC. Glucosc tolerance after kwashiorkor. Natdrc 1967;215:1295-6.
33 Becker DJ, Pimstone BL, Hansen JDL, fHendricks S. Insulin secretion in

protein-calorie malnutrition. 1. Quantitative abnormalities and response to
treatment. Di'abetes 1971;20:542-51.

34 Snoeck A, Remacle C, Reusens B, Hoet JJ. Effect of a low protein diet during
pregnancy on the fetal rat endocrine pancreas. Blol Veoniate 1990;57:107-18.

35 Hales CN, Barker DJP, Clark PMS, Cox LJ, Fall C, Osmond C, et al. Fetal
and infant growth and impaired glucose tolerancc at age 64. BM7
199 1;303:1019-22.

36 Bennett Pl-, Bogardus C, 'I'uomilehto J, Zimmet 1P. Epidemiology and natural
history of NIDDM: non-obese and obese. In: Alberti KGMM, DeFronzo
RA, Keen H, Zimmet P, eds. Iwternatiowtal textbotk of diabetes ntellitts.
Chichestcr: John Wiles and Sons, 1992:147-76.

37 Davies JNP. The essential pathology of kwashiorkor. Lancet 1948;i:317-20.
38 Nwokolo C, Oli J. Pathogenesis of juvenile tropical pancreatitis syndrome.

Laneet 1980;i:457-9.

39 Shaper AG. Chronic pancreatic disease and protein malnutrition. Lancet
1960;i: 1223-4.

40 Olurin EO, Olurin 0. Pancreatic calcification: a report of 45 cases. BMJ
1 969;iv:534-9.

41 Lester FT. A search for malnutrition diabetes in an Ethiopian diabetic clinic.
I?trerniationzal Diabetes Fontodativon Bulleti? 1 984;29:14-6.

42 McLarty D, Pollitt C, Swai ABM. Diabetes in Africa. Diabetic Med 1990;7:
670-84.

43 TIanner JM, Healv MJR, Lockhart RD, MacKenzie JD. Whitehouse RH.
Aberdeen growth study. 1. The prediction of adult body measurements
from measurements taken each year from birth to 5 years. Arch Dis Child
1956;31:372-81.

44 Whincup PH, Cook DG, Shaper AG. Social class and height. BMJ 1988;197:
980-1.

45 Walker M, Shaper AG, Wannamethee G. Height and social class in middle-
aged British men. 7 Epidetmiol Comnttuit.v Health 1988;42:299-303.

46 Pitchumoni CS, Jain NK, Lowenfels AB, DiMagno EP. Chronic cyanide
poisoning: unifying concept for alcoholic and tropical pancreatitis. Pancreas
1 988;3:220-2.

47 Swai ABM, McLarty DG, Mtinangi BKL, Tatala S, Kitange HM, Mlingi N,
ct al. Diabetes is not caused bv cassava toxicity: a study in a-Tanzanian
community. Diabetes Care (in press).

(Accepted 8 Septentber 1992)

Decision to treat mild hypertension after assessment by ambulatory
monitoring and World Health Organisation recommendations

Gilles Chatellier, Christiane Battaglia, Jean-Yves Pagny, Pierre-FranSois Plouin, Joel Menard

Service d'Informatique
Medicale, Hopital
Broussais, 75674 Paris
Cedex 14, France
Gilles Chatellier, senior
registrar

Departement
d'Hypertension
Christiane Battaglia, research
fellow
Jean-Yves Pagny, chief
ph'ysician
Pierre-Francois Plouin,
professor
Joel Menard, professor

Correspondence to:
Dr Chatellier.

BAI_ 1992;305:1062-6

Abstrtact
Objective-To determine if one ambulatory blood

pressure recording over 12 hours could detect those
patients with mild hypertension who needed treat-
ment according to the World Health Organisation-
International Society of Hypertension (ISH) guide-
lines based on the casual measurement of diastolic
blood pressure at successive visits to a clinic.
Design-Comparison of decision to treat based on

one ambulatory measurement over 12 hours and
standard blood pressure measurements over six
months in the same patients.
Setting-Outpatient hypertension clinic.
Subjects-130 men and women with diastolic blood

pressure of90-104 mmHg at second visit to clinic.
Main outcome measures-Blood pressure

measurements over six months. Measurement from
ambulatory monitoring. Decision to treat.
Results-Of the 130 patients included, 108 were

followed up over the six months. Treatment was
started according to WHO-ISH criteria in 44 (13 at
the third visit, 13 at the fourth, 18 at the fifth).
According to the selected criteria for ambulatory
blood pressure monitoring 41 patients would have
been treated. Both methods agreed that the same
27 patients required treatment and the same 50 did
not, but they did not agree in 31 patients. When
calculated at the optimal diastolic blood pressure
threshold determined by a receiver operating
characteristic curve, the sensitivity, specificity,
and positive predictive value of ambulatory blood
pressure monitoring were 71% (95% confidence
interval 57% to 84%), 82% (72% to 92%), and 66%
(51% to 81%)/, respectively.
Conclusion-If the WHO-ISH criteria are

accepted as the standard for deciding to treat
patients with mild hypertension the predictive value
of one ambulatory blood pressure recording over
12 hours is too low to detect with confidence those
patients who need treatment when managed
according to these criteria.

Introduction
In patients with mild hypertension the decision to

treat is an important issue that has again come to the

fore with the availability of several new techniques for
measuring blood pressure. The rise in blood pressure
induced by the act of measurement itself, referred to as
the "white coat reaction," may lead to a false diagnosis
of hypertension.' This is one reason why 40% of the
patients included in large scale hypertension trials
subsequently became normotensive with placebo.'3
The guidelines from the World Health Organisation-

International Society of Hypertension (ISH) take this
into account and recommend multiple mesurements
over six months before treatment is started.4 The basis
for such a policy is, firstly, that multiple measurements
may be expected to give a closer estimation of the true
blood pressure and, secondly, that repetition of
measures over time may decrease the reaction induced
by the visit to the doctor. This protocol is presently the
gold standard for the decision to treat mild hypertension
because epidemiological data, classification of
hypertension, and evaluation of treatment efficacy are
all based on clinic readings and because the white coat
reaction has been shown to diminish considerably after
four months.2 This protocol, however, is tedious, risks
losing patients to follow up, and the extent of its correct
use by general practitioners is unknown. Consequently,
it may prove to be less useful than expected when
applied in reality.
Ambulatory blood pressure monitoring is a widely

accepted method of measuring blood pressure,
which avoids the white coat reaction' and becomes
increasingly acceptable to patients as the equipment
gets smaller. The value of a single ambulatory record in
predicting the need for treatment has never been
compared with that of a reference method. We assessed
the predictive value of one 12 hour ambulatory blood
pressure record for the decision to treat patients with
mild hypertension by comparing it with the decision
made during the six months' follow up in the clinic,
according to the WHO-ISH protocol.4

Patients and methods
A total of 154 men and women who were referred to

the hypertension clinic of the Broussais University
Hospital for evaluation of their hypertension were
screened for inclusion in the present study. The
inclusion criteria were (a) casual diastolic blood
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