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Objectives. To compare serum leptin between non-
westernized and westernized populations.

Setting. (i) The tropical island of Kitava, Trobriand
Islands, Papua New Guinea and (ii) the Northern
Sweden MONICA study population.

Design. Cross-sectional survey.

Methods. Fasting levels of serum leptin were ana-
lysed in 163 randomly selected Kitavans aged
20-86 years and in 224 Swedes aged 25-74.
Main outcome measures. Mean and determinants of
serum leptin.

Results. Geometric mean of serum leptin in Kitavan
males and females were 1.5 and 4.0 vs. 4.9 and
13.8 ngmL™' in Swedish male and females
(P < 0.0001 for both sexes). In Kitavans, observed

geometric mean were close to predicted levels
(1.8 ng mL™' for males and 4.5 ng mL™' for
females) based on multiple linear regression equa-
tions including body mass index (BMI), triceps
skinfolds (TSF) and age from the Swedish popula-
tion-based sample. In Kitavans serum leptin was
positively related to TSF amongst both sexes and,
amongst females, to BMI. In Kitavans leptin was not
related to fasting serum insulin. TSF explained 55%
of the variation of leptin amongst females. There
was a slight age-related increase of leptin amongst
males. In Kitava leptin was not related to fasting
serum insulin which was substantially lower than in
Sweden.

Conclusion. The low concentrations of serum leptin
amongst Kitavans probably relates to the absence of
overweight and hyperinsulinaemia. At a population
level serum leptin can apparently be predicted from
simple measures of adiposity.

Keywords: diet, epidemiology, humans, leptin,
obesity, Papua New Guinea.

Introduction

Leptin is produced in adipocytes and has been
shown to suppress appetite and increase energy
expenditure with resulting reduction of adiposity
and weight loss in animals [1, 2]. In some western
populations high leptin is related to increased fat
mass [3] and to high circulating levels of insulin,
blood pressure and plasminogen activator inhibitor-1
activity [4]. Other studies did not find leptin to
be increased in insulin resistant individuals [5].
Recently, hyperleptinaemia was shown to be asso-
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ciated with an increased risk of cardiovascular
disease in a Caucasian population [6]. Leptin may,
therefore, be involved in the different characteristics
of the insulin resistant syndrome. It is not known,
however, whether different leptin levels can explain
the variations of body weight and insulin sensitivity
between different populations.

The subsistence horticulturalists of Kitava, Tro-
briand Islands, Papua New Guinea are practically
uninfluenced by western dietary habits and staple
foods are tubers, fruit, fish, coconut and vegetables.
A moderately high level of physical activity is
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another characteristic feature [7, 8]. The population
is free from overweight and, apparently, from
hypertension, cardiovascular disease and malnutri-
tion [9, 10]. Interestingly, the Kitavans have low
fasting serum insulin concentrations which do not
increase with age [8], and also low plasma plasmi-
nogen activator inhibitor-1 activity levels [11],
which altogether suggests high and intact insulin
sensitivity throughout life in this very lean popula-
tion. This would be associated with low leptin levels
as insulin is known to increase the expression of
leptin [2]. In this study, we therefore analysed leptin
levels in the Kitava population.

Our hypothesis was that the absence of abdominal
obesity and other markers of insulin resistance in
Kitava would be accompanied by low levels of serum
leptin.

Methods

The survey was given ethical approval by the
National Medical Research Advisory Committee of
Papua New Guinea. It was approved by other
national and provincial bodies and at the commu-
nity level by the inhabitants and their chiefs. From a
total population of 2300 Kitavans, all subjects older
than 50 years (n=206) and 20% of those aged
20-49 (n = 41) were eligible. Informed consent was
obtained through personal contact. Ages were
calculated from known historical events and were
considered accurate to within 3 years for most
subjects. The acceptance rate for serum sampling
was only 42% and, therefore, self-selected subjects
below 50 years were included. These consisted of
persons excluded by the random generator but
willing to take part. Individual subjects did not
receive payment for their participation. Serum
samples from 120 male- and 43 female-subjects
aged 20-86 years, 30% of which were self-selected
subjects below 50 years, were thus available for
leptin analysis.

A random subsample of 224 subjects aged 25-74
from the population-based Northern Sweden MON-
ICA study served as controls [4]. In both populations
blood samples were taken before 9.00 a.m., after
9-15 hours of fasting. Blood was centrifuged and
serum was frozen in liquid nitrogen within 60 min.
Serum samples were stored in —70°C until analysis.

Serum leptin analysis was performed in the
same laboratory for the two populations using a

double-antibody radioimmunoassay (RIA) with rab-
bit antihuman leptin antibodies, 125I-labelled
human leptin as tracer and human leptin as
standard (Linco Res., St Louis, MO, USA). Serum
insulin was determined by radioimmunoassay
(Phadeseph Insulin RIA; Pharmacia Diagnostics,
Uppsala, Sweden) in the same laboratory for the two
populations. Standard methods were used for meas-
urements of sitting blood pressure, weight, standing
height, waist circumference, triceps skinfold (TSF)
thickness and mid-arm circumference. Clinical char-
acteristics of the two study populations are presen-
ted in Table 1.

Kitavan dietary habits were investigated by use of
diet history, weighing of ready-to-eat foods and
sharing of food habits by one of the authors (SL)
who lived with the people for 7 weeks [7], during
which time patterns of physical activity were
observed and supplemented with nonsystematic
interviews.

Tubers (yam, sweet potato, taro and maniok),
fruit, fish and coconut were dietary staples with a
negligible intake of western foods like margarine, oil,
milk products, cereals and refined sugar.

The level of physical activity of Kitavan males was
roughly estimated at 1.7 multiples of basal meta-
bolic rate (BMR). BMR multiples for westerners with

Table 1 Clinical characteristics (mean + SD) of the study
populations

Kitava Sweden P
Males (n=120) (n=107)
Age (years) 49 + 18 52 £ 15 0.2
BMI (kg m™?) 20 %2 26 +3 0.0001
TSF (mm) 7%2 146 0.0001
Waist (cm)/height (m) 46 £ 2 53+6 0.0001
Systolic BP (mmHg) 116 £ 15 132 £ 20 0.0001
Diastolic BP (mmHg) 70 £ 6 82+ 11 0.0001
Serum insulin IU mL™") 4.0+29 83%7.0 0.0001
Smoking rates (%) 76 16 0.0001
Females (n=43) (n=117)
Age (years) 52t 16 48 + 14 0.2
BMI (kg m™?) 18 + 2 25+ 5 0.0001
TSF (mm) 105+ 3.8 224+ 78 0.0001
Waist (cm)/height (m) 46 + 4 51 £8 0.0001
Systolic BP (mmHg) 120 £ 18 128 £ 24 0.046
Diastolic BP (mmHg) 71+7 79 £ 11 0.0001
Serum insulin (IU mL™Y) 4.8 +4.7 7.8+49 0.0001
Smoking rates (%) 76 24 0.002

TSF: triceps skinfold thickness; BMI: body mass index; BP: blood
pressure; sitting BP in Kitavans and supine BP in Swedish
subjects.
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low occupational activity level who are nonactive at
leisure time is 1.4 for both sexes, whilst moderately
active persons at work as well as during leisure time
is 1.7 for males and 1.6 for females [12]. Median
BMR as predicted from weight at age 18-30 was
5.5 MJ day ' in males and 4.9 MJ day ™' in females.
For 18-30-year-old Kitavan males the estimated
energy expenditure was 9.4 MJ, whilst their estima-
ted total daily calorie intake from diet history was
9.2 MJ.

Three out of four Kitavan males and females were
daily smokers and the rest were nonsmokers. The
difference in TSF and serum lipoproteins and apo-
lipoproteins between smokers and nonsmokers
was of the same magnitude as in western popula-
tions [10]. Estimated life expectancy was 45 years at
birth and an additional 25 years or more thereafter.
Major causes of death were infections, trauma and
complications of pregnancy whilst atherothrombotic
disorders were absent or rare [9].

Continuous variables were checked for normality
by use of normal probability plots [13]. After
logarithmic transformation serum leptin showed
near normal distribution. Geometric mean of leptin
(the antilog of the mean of log leptin) were calcula-
ted. Group mean and distributions of log-leptin were
compared by use of the two sample t-test. P < 0.05
was chosen for statistical significance. Simple and
forward stepwise multiple linear regressions were
applied with log-leptin as dependent variable.

Results

At all ages, fasting serum leptin concentrations were
markedly lower in Kitavans than in Swedish sub-
jects (Figs 1 and 2; Table 2). Nearly all of this
difference was explained by measures of adiposity. In
Swedish males and females, body mass index (BMI)
and TSF were each positively and independently
associated with leptin (Table 3). When Kitavan
levels of age, BMI and TSF were entered into the
Swedish regression equations, the predicted geomet-
ric mean of leptin for Kitavan males and females
were, respectively, 1.8 and 4.5 ng mL™}, close to the
observed geometric mean of 1.5 and 4.0 ng mL ™.
In Swedish males and females the observed geomet-
ric mean of leptin were 4.9 and 13.8 ng mL™". After
adjustment for age, BMI and TSF the difference in
leptin between Sweden and Kitava was still statis-
tically significant in males (P < 0.0001) but not in
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Fig. 1 Serum leptin versus body mass index (BMI) in males
from Kitava and Sweden. Note the log scales.
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Fig. 2 Serum leptin versus body mass index (BMI) in females
from Kitava and Sweden. Note the log scales.

Table 2 Geometric mean (interquartile ranges) of serum leptin
(ng mL™) in males and females from the Kitavan and Northern
Sweden MONICA populations

Age

(years)  Kitava n Sweden n P

Males
<40 1.4 (1.1-1.7) 42 3.4 (2.2-4.5) 29 <0.0001
40-59 1.5(1.3-1.8) 39 5.2 (3.8-7.0) 38 <0.0001
>60 1.7 (1.3-2.4) 39 6.3 (4.2-10.0) 40 <0.0001
Females
>40 5.7 (3.3-8.8) 11 11.3(7.1-16.0) 33 <0.0001
40-59 3.2 (2.0-3.9) 18 13.2(8.6-21.7) 54 <0.0001
>60 3.9 (2.7-5.7) 14 18.8(12.5-41.6) 30 <0.0001
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females (P = 0.7). BMI was identical in smoking and
nonsmoking Kitavans.

Serum leptin was strongly and independently
associated with TSF in Kitavans of both sexes
(Tables 3 and 4). In multivariate analysis of the
total Kitavan study group, most of the sex difference

Table 3 Variables independently related to serum leptin in the
two populations®

Independent  Std B in Cumulative

variables final step adj R? (%)
All Kitavans TSF 0.73%** 54

Sex 0.41%* 65

Age 0.11* 66
All Swedes TSF 0.31%** 51

Insulin 0.22%** 64

Sex 0.46*** 71

BMI 0.33%** 77

Glucose 0.08* 77
Kitavan males Age 0.36™** 13

TSF 0.36™** 26
Kitavan females TSF 0.75%** 57
Swedish males BMI 0.69*** 48

TSF 0.26%** 53

Age 0.23%* 58
Swedish females BMI 0.76** 58

TSF 0.35%** 66

4 Significant (P < 0.05) independent variables, standardized
regression coefficients (std B) and cumulative adjusted R squared
(adj R?) in stepwise multiple linear regression analysis including
age, log BMI and log TSF as independent variables and log leptin
as dependent variable; *P < 0.05; **P < 0.001.

of leptin was explained by TSF (Table 3). Leptin
levels were 25% lower in Kitavan males who were
smokers compared with nonsmokers (P = 0.1), but
this difference disappeared after adjustment for TSF.

In Kitavans, leptin was not related to fasting
serum insulin (Tables 3 and 4) which was substan-
tially lower than in Sweden [8]. Leptin increased
with age in Kitavan males (P < 0.0001) even after
adjustment for TSF which was not age-related. In
Kitavan females, a nonsignificant negative relation
between leptin and age (r = —0.20; P = 0.2) disap-
peared after adjustment for TSF.

Discussion

In this study, very low mean serum leptin was noted
cross-sectionally amongst the lean Kitavans of
Papua New Guinea, amongst whom cardiovascular
diseases are absent or rare.

We do not consider our findings hampered by
selection bias. The eligible population was homo-
geneous, and randomized and nonattending subjects
did not differ by appearance in body composition,
agility or level of physical activity. In addition, none
of the measured variables differed between random-
ized and self-selected subjects.

The Kitavans are unusual amongst traditional
populations of today because of food surplus in
combination with a negligible influence of western
diet. They are also unique in their leanness: for

Table 4 Pearson correlation coefficients for the analysed variables in the Kitavan population

Leptin Age BMI TSF MAC Waist Insulin

Males

Age 0.38%* 1

BMI —0.58%** 1

TSF 0.35%* 0.25** 1

MAC -0.22* —0.60™** 0.79%** 0.28%** 1

Waist 0.58*** 0.3 7% 0.54%* 1

Insulin -0.20* 0.22* 0.28** 0.21* 1

Glucose 0.29** 0.27**
Females

Age 1

BMI 0.62%%* -0.44** 1

TSF 0.76*** 0.71%** 1

MAC 0.60*** 0.78%** 0.72%% 1

Waist 0.64*** 0.67%** 0.63%** 0.64*** 1

Insulin 0.34* 1

Glucose

Only statistically significant (P < 0.05) correlations are shown. *P < 0.05; **P < 0.01; *P < 0.001.
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comparison, in the Tokelau Island Migrant study the
mean BMI was 27 amongst 40-year-old nonmigrant
males [14], compared with only 22 in Kitavans of
the same age, suggesting a markedly different
lifestyle in Tokelau. Similarly, a group of allegedly
traditional Mexican Pima Indians recently studied
regarding serum leptin had a mean BMI of 25 (equal
to the 99th percentile in Kitava), a diabetes preval-
ence of 7% [15] and a regular intake of sugar,
refined cereals and milk [16]. The difference in leptin
between these relatively traditional Mexican Pimas
and a group of US Pimas with a North American
lifestyle (mean BMI 34) [15] was of the same
magnitude as that between Kitava and Northern
Sweden.

Compared with populations of northern European
ancestry, traditional ethnic groups in general and
Pacific Islanders in particular seem more prone, not
less, to develop obesity after adopting a western
lifestyle [17]. Obesity and diabetes are increasingly
common amongst urbanized Melanesian popula-
tions of Papua new Guinea [17, 18] and our own
preliminary observations of obese Kitavans in the
cities suggest that they are no exception, once they
become westernized.

Leptin did not correlate with BMI in Kitavan men
(Fig. 1), probably because most of the variation of
BMI in lean populations like the Kitavans is
explained by variation of muscle mass. It has been
proposed that TSF is the single best indicator of body
fat percentage in females and that BMI is the best
indicator in males [19]. This notion agrees with the
fact that TSF alone explained 57% of the variation of
BMI in Kitavan females but only 8% in Kitavan
males (data not shown).

A possible explanation of the positive correlation
between leptin and arm circumference in Kitavan
females (Table 4) is that arm circumference is
largely related to regional fat mass, at least in
postmenopausal white women [20]. This notion is
further supported by the fact that leptin was not
related to arm circumference in Kitavan females
after adjustment for TSF (data not shown).

This is the first study to compare serum leptin
levels between a truly traditional and a western
population. Measures of adiposity explained most of
the difference in leptin between Kitavans and the
Northern Sweden MONICA population. Our findings
support the notion that leptin is a marker for excess
adipose tissue with its associated metabolic disor-
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ders. The possibility of direct links between hyper-
leptinaemia and cardiovascular disease remains to
be studied further [6, 21]. The apparent absence of
coronary heart disease in Kitava may largely be
explained by absent obesity, as mirrored by low
levels of serum leptin, BMI, diastolic blood pressure,
serum insulin and plasma plasminogen activator
inhibitor-1.
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