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Abstract Discussion:In conclusion, high fasting leptin level at the
JOHNSON, MARIA S., TERRY T-K. HUANG, start of the study was significantly associated with increas-
REINALDO FIGUEROA-COLON, JAMES H. DWYER, ing fat mass in this cohort, indicating that the children may
AND MICHAEL I. GORAN. Influence of leptin on changes  be developing resistance to the effects of leptin.

in body fat during growth in African American and white
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Objective: The aim of this study was to determine whether ethnicity

initial levels or temporal changes in fasting leptin were asso-

ciated with longitudinal changes in body-fat mass in children. .

Research Methods and ProcedureEhe study group con- _Introduction ,
sisted of 85 children (42 white and 43 African American) 1€ role of leptin in human obesity has been widely
with a mean initial age of 8. 0.1 years. The children had studied since its .d|scovery in 1994. At first it was though.t
between three and six annual visits for repeated measure{hat human obesity may occur as a result of a lack of leptin
ments of body composition by DXA and fasting leptin level. (@S in theob/obmouse). However, studies found that the
Fat mass and fasting leptin level were not normally distrib- Majority of humans did not lack leptin; in contrast, they had
uted and were log-transformed. Data were analyzed usingC|_rculat|.ng Ieptl_n concentrations that were h|ghly correlated
SAS Proc mixed growth models, with log fat as the W't.h adipose tissue mass (.1_5)' I IS _possmle Fhat over-
dependent variable. weight people. hadllow_lgptm Ie_vels initially, wh|ch may
Results:Initial leptin level was a significant predictor of the have resulted in their gaining weight. However, the increase

change in fat mass over timp € 0.0001), with high initial in fat mass then led to an increase in leptin levels, signaling
leptin levels resulting in increased fat gain, independent of tbhe mcLeasedt fa; stores. Inlgrr:tervgrr]]tgoln stugles, clje_ptm has
initial fat levels. This relationship remained significant een shown to decrease with weight loss (6) and increase

when the data were analyzed separately by race (wlipites, W'T we.|tgr&t_ gelllnta;§ ociated W't? over(;etedmg (7)' heth
0.0001; African Americansp = 0.008). The relationship ongitucinal studies were periormed 1o examine whether

between the initial level of leptin and the change in fat mass baseline leptin concentrations pred|cteq changes in weight
o or fat mass over a follow-up period. Studies of diverse popu-
was not modified by race, sex, or Tanner Stage. The rate of, .. .
. : . N lations, such as adult Mauritians (8), postobese women (9), and
change in leptin during the study was significantly related to

the rate of change in fat mass in African Americaps=( white and African American young adults (10), have failed to
0.008) but not in whitesy( = 0.490) find any associations between initial leptin concentrations and
' ' ' subsequent weight gain over differing periods (4 to 8 years).
However, a positive relationship was found in a cohort of
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variable (weight gain) differs widely among studies, from bertal and 5 being adult. The same qualified pediatrician

changes in body weight and body mass index to the per-(R.F.-C.) assessed Tanner Stage in all the children.

centage of fat and total fat mass. In this study we aimed to

determine whether initial fasting leptin level and the rate of Assessment of Body Composition

change in leptin level over time were related to the rate of  Body composition was measured by DXA using a DPX-L

increase in total body fat in growing white and African densitometer (Lunar, Madison, WI ) that we had validated

American children. The rate of increase in total body fat was previously in the pediatric body-weight range (15,16). DXA

previously estimated to be 15.6% per year in this cohort scans were performed and analyzed using pediatric software

(12). By including both the initial level of leptin (at first  (version 1.5e; Lunar) (15,16).

visit) and the subsequent rate of change in leptin during

growth, we aimed to determine whether leptin level changed Serum Leptin Concentrations

as the level of fat mass changed, and independent of this | eptin concentrations were determined with a radioim-

change, whether initial levels of leptin were predictive of munoassay kit (Linco Research, St. Charles, MO), using

the rate of change in fat mass. serum from the fasted children. All serum samples (L0P
were analyzed in duplicate in a single assay. The intra-assay
coefficient of variation was 4.2% at 64% bound (2.61 ng/

Research Methods and Procedures mL) and 3.5% at 28% bound (14.9 ng/mL).
Subjects
This study consisted of 85 children, 42 white (19 boys Statistics

and 23 girls) and 43 African American (21 boys and 22  Total fat mass, lean tissue mass, and fasting leptin levels

girls) children who had at least three annual study visits were not normally distributed and were log-transformed

with repeat measurements of both leptin and body fat. The before analysis. Random coefficients mixed models were

mean age at the initial measurement was 8.0.1 years.  used to determine the overall growth rate of body fat and the

Children were recruited from Birmingham, Alabama, and influence of leptin on this growth rate. Mixed models were

had been free of any major ilinesses since birth (13). Cross-used to account for intraperson correlations among repeated

sectional data on leptin and body fat and leptin and energy measures (mean of 4.3 measures per child). Between- and

expenditure were reported previously (1,14). Serum leptin within-subject degrees of freedom were used, and the co-

was significantly related to body composition and fat dis- variance structure of the repeated dependent measures

tribution, but not to energy expenditure in children, inde- was unstructured.

pendent of fat mass. Studies were performed during the The following specifications were made for the model

school year (fall and spring). The nature, purpose, and that was used to examine the effect of leptin on the rate of

possible risks of the study were explained carefully to the change in fat mass:

parents before consent was obtained. This study was ap- .

proved by the Institutional Review Board at the University ® Dependent variable: log fat mass o

of Alabama at Birmingham. All measurements were per- ® Class varlat_)Ie: visit number (0 to 5); visit number was

formed at the General Clinical Research Center (GCRC) @IS0 used in the repeated statement to account for

and the Department of Nutrition Sciences at the University ~ Missing data.

of Alabama at Birmingham between 1994 and 1999. e Fixed variables: initial age; initial fat mass; race (0 for
white and 1 for African American); sex (0 for boys and 1

for girls); Tanner Stage (1 to 5); initial leptin; and rate of
change of leptin4 leptin).

e Random effects: time (years) since initial visit; intercept
(defined at baseline).

e Interactions: the interaction between time and other vari-
ables in the model was used to interpret whether a par-
ticular variable had a significant effect on the change in
fat over time. For example, the time race interaction
represented the effect of race on the rate of change of fat
over time. Two-way interactions between time and the
fixed variables were included in the model.

Protocol

Children were admitted to the GCRC in the late afternoon
for an overnight visit. Anthropometric measurements, in-
cluding assessment of sexual maturation were obtained.
After 8:00 pm only water and energy-free, noncaffeinated
beverages were permitted until after the morning testing. On
the following morning, blood was collected for analysis of
leptin concentration. Two weeks later the children arrived at
the Energy Metabolism Research Unit at 740 in the
fasted state. Body composition was determined by DXA.

Assessment of Sexual Maturation The initial leptin level and the rate of change of leptin
Sexual maturation was assessed according to pubic hairwere calculated by regressing log leptin against time and

and breast development in girls and genitalia in boys using saving the slopes and intercepts. Three-way interactions

Tanner’s criteria on a scale of 1 to 5, with 1 being prepu- were also included among time; the leptin variables; and
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Table 1. Baseline descriptive statistics of the cohort*

African African

Total American American Significant

sample White boys White girls boys girls effects
Age (years) 8.1% 0.14 8.38+ 0.38 8.11+ 0.31 7.70+= 0.33 8.05*+ 0.18 None
Tanner Stage (1 to 5) 1.090.03 1.05* 0.05 1.04+ 0.04 1.00= 0.00 1.23+0.11 None
Total fat mass (kg) 9.49 0.53 9.92+ 1.54 8.84+ 1.12 10.75+1.83 10.98+ 1.53 None
Lean tissue mass (kg) 20.770.44 21.72+1.29 19.46+ 0.92 23.00+1.12 20.66+ 1.05 Gender
Leptin (ng/mL) 7.42+ 1.10 7.09+ 1.22 7.10+= 1.17 6.87= 1.20 8.46+ 1.18 None

* Data presented as meansSE.

race, sex, and Tanner Stage to test whether the relationshify race p = 0.220), sexf§ = 0.476), or Tanner Stage &
between the changes in leptin or initial leptin and the 0.519). Although the rate of change in leptin was not sig-
changes in fat mass differ between boys and girls, betweennificantly related to the rate of change in fat maps=
whites and African Americans, or by degree of sexual 0.273), there were significant interactions between this re-
maturity. If the rate of change in leptin is significantly lationship and Tanner Stagg & 0.057,p = 0.035) and
associated with the change in fat mass over time, then thisbetween this relationship and raggé € 0.214,p = 0.012),
association indicates that both fat mass and leptin levels arebut not with sex p = 0.349). An increase in the rate of
changing together over time, whereas if the initial leptin change in leptin resulted in a greater rate of change in fat
level is significantly associated with the rate of change in fat mass at higher Tanner Stages. None of the above relation-
mass, then this association indicates a degree of causalityships were affected when lean mass was included as a
initial leptin levels predict subsequent changes in fat mass. covariate. Because of the significant race interaction, the
The models were all run with the three-way interactions; data were split by race and reanalyzed (Tables 3 and 4).
however, only the significant interactions are reported in
the tables. Data were analyzed using SAS statistical soft-
ware, version 7.0 (SAS, Cary, NC), with a significance Table 2. Results of the SAS Proc mixed growth
level of p < 0.05. model to examine the relationship between leptin and
the rate of acquisition of fat

Results B p

0.003 0.030 0.896
0.014% 0.005 0.006
0.850 £ 0.051 <0.0001
0.011 0.014 0.433
0.00% 0.014 0.613
0.004 0.013 0.749
0.154 = 0.037 <0.0001
0.168% 0.092 0.074
—0.005* 0.003 0.087
0.085 = 0.017 <0.0001
0.104+ 0.094 0.273
0.214+ 0.084 0.012
0.057=x 0.027 0.035

Descriptive Statistics Time (years)

Means and SEs are presented for the entire sample ajp it age (years)
baseline (visit 1) and then separately for the four race and Initial fat (kg)
gender groups (Table 1). There were no significant differ- Race (0 white, 1 AA)
ences in any of the variables between African American and "
white children p > 0.2). However, boys did have signifi- % (0 boy. 1 gir)
cantly greater lean tissue mass than the gjpls=(0.034). ~ Tanner Stage (1 t0 5)
Fat mass, age, Tanner Stage, or leptin concentration did nothitial leptin
differ significantly by sex | > 0.1). A leptin

Time X initial age

Effect of Leptin on the Acquisition of Fat Time x initial leptin

Results from the model are presented in Table 2. Initial Time X A leptin
leptin was significantly and positively related to the rate of Time X A leptin X race
change in fat massg(= 0.085,p < 0.0001), even after  Time x A leptin x Tanner
adjusting for initial fat mass. A doubling in the initial leptin
levels resulted in a 6.1% (95% confidence interval [CI]: 3.6 Significant model factors are shown in bold.
to 8.5) difference in the rate of change in fat mass (kilo- oy the significant three-way interactions are presented.
grams/year). This relationship between initial leptin and the A |eptin, change in leptin; AA, African American.
rate of change in fat mass was not significantly influenced
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Table 3. Results of the SAS Proc mixed growth Table 4. Results of the SAS Proc mixed growth
model to assess the influence of leptin on the rate of model to assess the influence of leptin on the rate of

acquisition of fat in whites acquisition of fat in African Americans

B p B p
Time (years) 0.021 0.036 0.567 Time (years) 0.00% 0.031 0.931
Initial age (years) 0.008& 0.007 0.288 Initial age (years) 0.020+ 0.007 0.008
Initial fat (kg) 1.013 *= 0.086 <0.0001 Initial fat (kg) 0.733 = 0.063 <0.0001
Sex (0 boy, 1 girl) 0.024r 0.019 0.225 Sex (0 boy, 1 girl) —0.004=* 0.021 0.846
Tanner Stage (1 to 5) 0.0200.023 0.371 Tanner Stage (1to5) —0.001* 0.017 0.958
Initial leptin 0.043= 0.054 0.427 Initial leptin 0.242 = 0.053 <0.0001
A leptin 0.037+= 0.114 0.748 A leptin 0.355+ 0.165 0.038
Time X initial age —0.008= 0.004 0.052 Time X initial age —0.004* 0.004 0.221
Time X initial leptin 0.097 = 0.023 <0.0001 Time X initial leptin 0.061 = 0.023 0.008
Time X A leptin 0.079* 0.114 0.490 Time x A leptin 0.402+ 0.149 0.008
Significant model factors are shown in bold. Significant model factors are shown in bold.
None of the three-way interactions were significant and, therefore, None of the three-way interactions were significant and are there-
are not presented. fore not presented.
A leptin, change in leptin. A leptin, change in leptin.

In white children (Table 3), initial leptin was significantly  In contrast, the temporal changes in leptin and fat mass
and positively related to the rate of change in fat mass overduring this period of growth were significantly related in
time (8 = 0.097,p < 0.0001). A doubling in initial leptin African Americans but not whites.
levels resulted in a 7.0% (95% CI: 3.7 to 10.3) difference in ~ Although the main effect of time was not significant in
the rate of change in fat mass (kilograms/year). This rela- any of the models, this does not mean that the children were
tionship was not significantly influenced by Tanner Stage not increasing in body fat over time. Rather, the significant
(p = 0.067) or sex|§ = 0.791). In addition, the relationship  two- and three-way interactions between time and other
between the rate of change in leptin and the rate of changevariables indicated that the rate of increase in body fat
in fat mass was not significanp (= 0.490) and was not was significantly modified by the other variables, in-
significantly influenced by sexp(= 0.095) or Tanner Stage  cluding initial leptin.

(p = 0.219). When the analysis was repeated including lean Results from previous human longitudinal studies on the
mass as a covariate, the relationships remained the same.relationship between leptin and fat gain have not been

In African American children (Table 4), both initial leptin  consistent. No relationship was found between baseline
level (3 = 0.061,p = 0.008) and the change in leptis & leptin and subsequent weight or fat gain in adult Mauritians
0.402,p = 0.008) were significantly and positively related (8), postobese postmenopausal women (9), or African
to the rate of change in fat mass over time, independent of American and white young adults (10). In contrast, low
the effect of initial fat mass. Therefore, a doubling in initial baseline leptin was found to predict increased weight gain
leptin level and in the rate of change in leptin resulted in a over 1 year in prepubertal Australian children (2) and also
4.3% (95% ClI: 1.1 to 7.6) and 32.1% (95% CI: 7.9 to 61.8) increased the percentage of fat in girls going through pu-
difference in the rate of change in fat mass, respectively. berty (17). The results from these two studies seem to
These relationships were not influenced by sex or Tannerindicate that children are responding to low leptin levels in
Stage p > 0.100). When the data were adjusted for lean a normal way and are acting to increase fat stores. However,
mass, none of the relationships changed. in the current study, high baseline levels of leptin, rather

than low, were predictive of increased fat gain. A doubling
of the initial leptin level would result in an increase in the
Discussion change of fat mass from 15.6% per year to 21.1% per year.

The major finding of this study was that high baseline This translates to an extra gain of 1.74 kg of fat mass over
leptin concentration was predictive of an increased rate of 3 years (based on the average fat mass of 9.49 kg at
subsequent fat gain in boys and girls and in African Amer- baseline). These results are consistent with a study of Swed-
icans and whites, independent of the initial level of fat mass. ish women that found that high leptin levels in 38- to
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46-year-olds predicted increased weight gain (11). High was the same for boys and girls and for children at different
leptin levels should signal that the body has ample fat storesstages of maturation. However, Tanner Stage was a signif-
present and further inhibit the increase in fat stores. How- icant modifier of the relationship between the rate of change
ever, the children in this study with high leptin levels in leptin and the rate of change in fat mass in the combined
actually gained more fat mass. High initial leptin levels analysis, with the rate of change in leptin having a greater
could just be a marker for high initial fat mass and the effect on the rate of change of fat mass in those children at
positive relationship between initial leptin levels and the high Tanner Stage compared with those at a low Tanner
increase in fat mass could be explained as the fatter childrenStage. This relationship was not seen when the data were
at the start of the study gaining more fat mass. However, analyzed by race, although a trend was observed in whites
when initial fat mass was included in the model, the rela- that failed to reach significance & 0.067). Once the data
tionship between the initial level of leptin and the increase were analyzed separately, there was probably insufficient
in fat mass remained significant (positive). This may be an power to detect these effects.
indication of the development of leptin resistance, because To determine whether the addition of the significant
although high leptin levels are present, fat stores are still interaction terms in the model of the whole cohort explained
increasing. Resistance to leptin has been documented inmore of the variance in total fat mass, we compared-iBe
some animals including obeBsammomys obes(&3), and log likelihood values. When the two two-way interactions,
Sprague—-Dawley rats have been shown to become moretime X initial leptin level and timeXx rate of change in
resistant to leptin as they age (19). There is little evidence in leptin level were added, the model explained significantly
human studies of leptin resistance; however, this remainsmore of the variance in total fat masgz&) ~34,p <
the most likely explanation for these results. 0.001). However, although the addition of the significant
In girls, leptin has been shown to increase throughout three-way interactions (tim& change in leptin levek race
puberty (17,20—22), whereas in boys, leptin increases be-and time X change in leptinX Tanner Stage) did not
fore puberty and then declines after puberty (17,20,21). In improve the fit of the model, they provide important insight
this study, Tanner Stage, as a marker for sexual develop-into how the change in leptin level and change in fat
ment, did not modify the relationship between baseline may differ between races and at different stages of
leptin and the rate of change in fat mass, which was the sexual maturation.
same in both boys and girls. However, as mentioned previ- In conclusion, high initial levels of leptin were found to
ously, the majority of visits of these children were at Tanner be predictive of increased fat gain in all children, regardless
Stage 3 or lower (94%), and additional follow-up would of race, sex, or degree of sexual maturation. This is coun-
be needed to assess any changes relating to the lateterintuitive because high leptin levels should inhibit addi-
stages of puberty. tional increases in fat mass. The results that we observed
may be an indication that the children are becoming resis-

Change in Leptin tant to the effect of leptin during early pubertal growth.
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