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Patterns of plasma leptin and insulin concentrations in hospitalized
patients after the initiation of total parenteral nutrition®
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ABSTRACT

Background: The regulation of leptin in patients with critical
illness is poorly understood. Sex, diet, body mass, and cytokines
may all play a role.

Objective: The aims of this study were to determine the factors
influencing leptin concentrations in hospitalized patients begin-
ning total parenteral nutrition (TPN) and whether a 3-d regi-
men of TPN would further increase plasma leptin concentrations
above baseline.

Design: Twenty-six patients requiring TPN were enrolled in
this prospective, nonintervention study. Only 20 (11 women and
9 men) completed all 3 d of TPN.

Results: Baseline plasma leptin in the TPN patients ranged from
62.5 to 1625 pmol/L (x £ SD: 419 + 387; n = 26) and was not
significantly different between men (444 * 494 pmol/L) and
women (363 *+ 244 pmol/L). Baseline plasma insulin ranged from
76 to 695 pmol/L (271 £ 188; n = 26) and was not correlated
with plasma leptin. Leptin concentrations increased after 3 d of
TPN, from 356 £ 300 to 794 £ 600 pmol/L (P < 0.05) in parallel
with an increase in insulin from 257 + 187 to 979 = 917 pmol/L
(P <0.01) in the 20 patients who completed the study; however,
the changes were not correlated when expressed as percentages.
Although the men and women had insulin responses to feeding
that were not significantly different, leptin concentrations did
not increase significantly in men but increased 3-fold in women
(to 1094 £ 638 pmol/L; P < 0.01).

Conclusions: Leptin regulation in patients with a critical illness
differs substantially from that in healthy persons. The impor-
tance of glucose and insulin in leptin secretion remains unclear,
especially in men. Am J Clin Nutr 2002;75:931-5.
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INTRODUCTION

Leptin is a hormone secreted by adipose tissue that has a crit-
ical role in determining food intake and food-seeking behavior
in multiple species, including humans (1). Various studies have
shown that the plasma leptin concentration in most individuals
is proportional to fat mass and that a decrease in body weight
through diet or exercise is associated with lowered leptin con-
centrations (2). Hypoleptinemia generally stimulates an increase
in food intake and reduces physical activity—a homeostatic

mechanism designed to return fat mass to baseline and maintain
the status quo. Insulin, glucocorticoids, and cytokines have all
been implicated in modulating plasma leptin concentrations,
although most of the studies that showed these mediators to be
important were conducted in animals or cultured cells (3, 4).

In humans, the role of insulin in stimulating the release of lep-
tin is unclear. Unlike in rodents, food intake and acute insulin
administration in humans had little immediate effect on leptin
concentrations in most (5-7) but not all (8) studies. Sustained
increases in plasma insulin (via hyperinsulinemic, euglycemic
clamp) (9) or overfeeding (10) provoke elevations in leptin after
several hours. In a report of a single patient with insulinoma and
elevated plasma insulin and leptin concentrations, surgical
removal of the tumor normalized concentrations of both of these
hormones (7). Although plasma insulin concentrations rose rapidly
after a mixed meal in one study in healthy volunteers, no changes
in leptin were found 240 min postprandially (11).

An additional factor potentially influencing plasma leptin con-
centrations is a systemic elevation in cytokines, as might occur in
inflammatory states and critical illness. Leptin is recognized as
having a possible role in immunologic challenge (12). Many stud-
ies have shown that the administration of endotoxin, tumor necro-
sis factor o, or other cytokines to laboratory animals or humans
results in a significant elevation in plasma leptin concentrations
despite ongoing fasting and intercurrent catabolic illness (13—15).

The circulating plasma leptin concentration is not clearly
related to fat stores in elderly hospitalized patients, suggesting the
superimposition of additional mediators (16). In a small study of
ill, undernourished patients, baseline leptin was correlated with
body mass index (BMI), and intervention with total parenteral
nutrition (TPN) produced further elevations in plasma leptin con-
centrations (17). High circulating leptin concentrations, normally
a signal of nutritional sufficiency, may contribute to the anorexia
that is so prominent in inflammatory conditions. In a cohort of
critically ill patients receiving continuous enteral or parenteral
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TABLE 1
Underlying diagnoses or reasons for initiation of total parenteral nutrition

Diagnosis Number of patients

Postoperative ileus 9
Acute pancreatitis

Medical illness with ileus

Bowel perforation with or without abscess
Small-bowel obstruction

Gastrointestinal bleeding

Ischemic bowel with ileus

— = N W Wn W

nutrition, leptin was higher than in healthy control subjects but
was unrelated to BMI and plasma cortisol and insulin (18). How-
ever, in a series of patients with major trauma, who were not
receiving nutritional support, leptin was significantly lower than
in healthy control subjects postabsorptively, whereas TPN restored
leptin to a normal range (19). The goal of the present study was
to investigate the effects of initiation of TPN on plasma leptin and
insulin concentrations in a large and diverse group of hospitalized
patients in whom enteral feeding was unsuitable.

SUBJECTS AND METHODS

Subjects

Twenty-six sequential patients (14 women and 12 men) who
were to begin TPN at Beth Israel Deaconess Medical Center
(Boston) were enrolled in the study. The mean (£SD) age of the
subjects was 64 £ 19 y (range: 26-91 y). The mean body mass of
the subjects was 74 = 20 kg, whereas ideal body weight was
63 £ 8 kg. The underlying diagnoses of the subjects or the reasons
for TPN initiation are listed in Table 1. Energy intake during the
3 d before entry was required to be <840 kJ/d, although many
patients had fasted for <5 d before entry. This criterion was based
on the previous finding that higher (>1400 kJ/d) energy intakes
restore basal leptin concentrations in fasting healthy persons (20).

Data on height, weight, pre-TPN energy intake, serum chem-
istries, and medical history were abstracted from the patients’
records. The severity of underlying illness was scored before
TPN began; temperature (>38 or <36°C) and white blood cell
count (>12 X 10°/L, >10% band forms, or both) were used as
markers of the systemic inflammatory response syndrome
(SIRS) (21). Because many of the patients were being ventilated
or were in the early postoperative phase, pulse and respiratory
rate were deemed unsuitable markers of SIRS.

Seven subjects were known to have diabetes and received
insulin throughout the 3 d of TPN administration. Three addi-
tional patients required an insulin admixture with TPN for stress
hyperglycemia. The study was approved by the hospital’s Insti-
tutional Review Board, and patients or a health care proxy gave
signed, informed consent to participate.

Hormone assays

Plasma leptin and insulin concentrations were measured just
before TPN began and again after 3 d of TPN administration in
those subjects who completed the protocol. Both measurements
were performed at 1600. Plasma leptin was measured with a com-
mercial radioimmunoassay kit (Linco Diagnostics, St Louis). The
antibody used in the kit is 100% specific for human leptin, and
['*I]leptin is used as a tracer. Plasma insulin was measured with

a commercial radioimmunoassay kit (Ventrex Laboratories, Port-
land, ME), with ['®I]porcine insulin used as a tracer.

Total parenteral nutrition

The TPN orders were written exclusively by the nutrition sup-
port team. The formula was based on a goal of 105 kJ/kg dry wt.
In obese subjects, ideal body weight was adjusted upward by 25%,
and this weight was used to calculate the dose of TPN. The pro-
tein goal was 1.5 g/kg body wt (with the use of ideal body weight
in obesity) and was included in the calculation for energy. The
remainder of the energy was either from dextrose alone or from a
mixture of dextrose and lipid—the latter accounting for <30% of
the total energy. On the first day of TPN, dextrose was limited to
150 g to assess glucose tolerance. Subcutaneous regular human
insulin was administered by algorithm every 6 h in patients with
finger-stick blood glucose concentrations >11.1 mmol/L. If
required, insulin was added to the TPN solution in appropriate
amounts for the subsequent days. The amount of dextrose was
increased toward the goal as glycemia permitted. TPN was given
continuously over 24 h/d as a 3-in-1 solution.

Statistical methods

Two-way analysis of variance (ANOVA) was performed to
assess the effect of sex and 3 d of treatment with TPN on plasma
leptin concentrations in the 20 patients who completed the study.
Different groups were compared by using Fisher’s least-significant-
difference test with the software program SIGMASTAT (version
2.0; SSPS Inc, Chicago). The baseline data for the 26 patients
enrolled in the study were analyzed by using an unpaired ¢ test (for
group comparisons) or Spearman’s rank-order test (for continuous
data). Significance was defined by the 95% CI and data are pre-
sented as means + SDs unless otherwise specified.

RESULTS

Thirteen patients had features of SIRS. Only 20 patients com-
pleted the 3-d TPN protocol; data from the 6 other subjects were
included in the analysis of the baseline data but not in the analy-
sis of the longitudinal follow-up data.

At study entry (baseline), leptin concentrations varied widely
(range: 62.5-1625 pmol/L; X + SD: 419 + 387 pmol/L) and did
not correlate with BMI or with plasma insulin concentrations in
the entire group of 26 patients (Figure 1). Exclusion of data from
the patients who received exogenous insulin did not alter this find-
ing significantly (data not shown). Plasma leptin concentrations were
not significantly different between men (444 + 494 pmol/L) and
women (363 244 pmol/L). Patients without evidence of SIRS had
a somewhat lower plasma leptin concentration (300 £ 313 pmol/L)
than did the group with SIRS (506 £ 394 pmol/L), but the dif-
ference was not significant by 7 test.

Sex and initiation of TPN both contributed to the significant
increase in plasma leptin after 3 d, whereas only initiation of
TPN contributed to the increase in plasma insulin concentrations
(Figure 2). Leptin concentrations increased significantly from
356 =300 to 794 £ 600 pmol/L in the 20 patients receiving TPN
for 23 d, in parallel with the significant increase in insulin con-
centrations from 257 £ 187 to 979 £ 917 pmol/L. When the data
were grouped by sex, only women showed a significant increase
in leptin (from 363 * 244 to 1094 £ 638 pmol/L) in response to
TPN. However, both men and women had significant (by the
least-significant-difference method) insulin responses to TPN.
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FIGURE 1. Correlation between plasma leptin concentrations (n = 26) and BMI (r = 0.26, NS) and plasma insulin concentrations (r = 0.3, NS) at

baseline in patients with prior trivial energy intakes.

The percentage increases in insulin and leptin after TPN were not
significantly correlated in the group as a whole (Figure 3), nor
when divided by sex. The leptin concentrations 3 d after TPN
were not significantly correlated with the amount of dextrose
administered over the 24 h before leptin measurement (Figure 4).

DISCUSSION

Despite trivial energy intakes in the subjects at baseline, plasma
leptin concentrations varied widely and were not correlated with
BMI or plasma insulin. In addition, no significant sex differences
in leptin concentrations were found before the initiation of TPN.
In contrast, clear influences of sex and BMI on plasma leptin are
evident in healthy persons (1). A positive correlation between BMI
and plasma leptin concentrations was noted in some studies of
hospitalized patients (17, 19). This finding is surprising when the
multiplicity of potential overriding influences is considered and is
in contrast with the findings of other studies (16, 18).

Baseline plasma insulin concentrations also varied widely in
subjects, despite their trivial energy intakes. Hyperinsulinemia
in patients with minimal energy intakes probably reflects the
presence of insulin resistance related to catabolic illness. The
nature of the relation between leptin and insulin is controver-
sial and may not be direct. Several studies show correlations
between insulin and leptin, even after correction for confound-
ing factors such as BMI (2, 20, 22). Feeding studies clearly
indicate that, whereas insulin increases sharply in response to
meals or glucose infusions, several hours elapse before leptin
also increases.

Our primary goal in performing these studies was to deter-
mine whether, despite the multiplicity of influences on leptin,
administration of hypertonic dextrose as a component of TPN
would result in further stimulation of leptin. TPN administration
resulted in a significant 2-fold increase in leptin concentrations
and a significant 3-fold increase in insulin compared with base-
line. Interestingly, in isolated adipocytes, insulin causes leptin
release in the presence of glucose but not in the presence of the
2-deoxyglucose analogue, suggesting that cellular uptake and
metabolism of glucose is somehow coupled to leptin secretion (23).
The critical steps mediating the effects of insulin and glucose on
leptin production or release remain unknown.

A major sex effect was found. The TPN-related increase in
leptin occurred only in women, despite the finding that TPN-
related increases in insulin were not significantly different
between the sexes: 3-fold in men and 4-fold in women. However,
even in women, the percentage changes in insulin and leptin
were not correlated. In rodents, a clear sex difference in fed and
fasted leptin concentrations (higher in females) is present,
although leptin is more closely related to food consumption in
rats than in humans (24). Most studies in humans that addressed
sex differences in plasma leptin concentrations were performed
in healthy volunteers and indicate, as in the present study, that
sex differences may be abolished with fasting (25, 26). In gen-
eral, leptin is correlated positively with estradiol concentrations
in both men and women and negatively with testosterone in men
(22, 27, 28). Women generally have a higher percentage of body
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FIGURE 2. Mean (£ SEM) plasma leptin and plasma insulin concen-
trations at baseline () and 3 d after the initiation of total parental nutri-
tion ([J) for men (n = 9) and women (n = 11) separately. The sex X time
interaction was significant for leptin (P = 0.02, two-way ANOVA) but
not for insulin. **Significantly different from baseline (Fisher’s least-
significant-difference test): *P < 0.01, °P < 0.05.
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FIGURE 3. Correlation (r = 0.07, NS) between the percentage
increase in plasma insulin and the percentage increase in plasma leptin
3 d after the initiation of total parenteral nutrition (n = 20).

fat than do men, even when their BMIs are similar; in studies that
address this difference, correction for body fat does not usually
explain the difference found in leptin between the sexes (29, 30).
In one study of adipocytes from obese persons examined ex vivo,
dexamethasone stimulated leptin production only in women (31).
Although we did not measure plasma cortisol in the present
study, our TPN patients probably had hypercortisolemia, which
may have contributed to the observed sex differences in leptin
concentrations. Interestingly, diurnal patterns of cortisol and lep-
tin are directly opposed in healthy persons. Shifting mealtimes
by 6 h in one study in humans showed that, whereas cortisol
exhibits a true circadian pattern, leptin is diurnally released and
entrained to meals, confirming differential regulation under nor-
mal circumstances (32). In critical illness, both hormones lose
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FIGURE 4. Correlation (r = —0.1, NS) between plasma leptin con-
centrations after 3 d of total parenteral nutrition and the amount of dex-
trose received over the 24 h before leptin was measured in hospitalized
patients (n = 20).

their diurnal rhythmicity (33). However, the present study was
not designed to examine this issue further.

Many studies of leptin in critical illness and feeding have not
considered men and women separately (17, 33). In one study,
women showed a greater leptin responsiveness to feeding than
did men, although clear differences existed at baseline (19),
unlike in our patients. However, only trauma patients had been
enrolled in that study; no trauma patients participated in our
study. Although the trauma patients were severely injured and
had biochemical evidence of stress on the basis of elevated
plasma cortisol concentrations, their mean plasma insulin con-
centration was 63 pmol/L. In contrast, the average plasma insulin
concentration in our patients was 271 pmol/L. This difference
suggests far greater catabolic stress in our study participants and
may reflect greater circulating concentrations of cytokines and
counterregulatory hormones. The trauma patients were probably
in the “ebb” phase of injury, whereas our patients were in an
established phase of catabolism, having been ill for >48 h. In
addition, the patients in our study probably had sick hypogo-
nadal syndrome (34), but there is no published information about
whether circulating sex steroids are preserved in trauma patients
shortly after injury. If gonadal steroids do play an important role
in sex differences in baseline (fasting) plasma leptin concentra-
tions, it might explain a large measure of the difference between
the trauma study and our own. In the trauma study, the goals for
energy intake were higher than in our study, although we were
unable to determine the feeding rates of the trauma patients at
the onset of that study or how quickly their energy goals were
met. It is possible that the female trauma patients were provided
substantially more energy and received more insulin than did the
male patients or that the plasma glucose concentrations were
significantly different between the sexes; however, these details
were not provided in Jeevanandam et al’s (19) study.

In critically ill or catabolic patients, diverse factors probably
play a role in mediating leptin production, leptin clearance, or
both. Tumor necrosis factor a and other cytokines may be impor-
tant in this regard (13). Patients with fever and elevated white
blood cells in the present study generally had higher plasma lep-
tin concentrations at baseline than did trauma patients without
SIR. This difference was not significant, not surprisingly given
that these factors are imperfect indicators of intercurrent infec-
tion and severity of inflammation.

In conclusion, considering all of the published literature on
this topic, the typical medical-surgical intensive care unit patient
population regulates plasma leptin differently than do healthy
persons and young trauma patients. Future research in this area
should include measurements of cortisol and sex steroids and
must consider males and females separately. ¥ ]

REFERENCES

1. Coleman RA, Herrmann TS. Nutritional regulation of leptin in
humans. Diabetologia 1999;42:639-46.

2. Havel PJ, Kasim-Karakas S, Mueller W, Johnson PR, Gingerich RL,
Stern JS. Relationship of plasma leptin to plasma insulin and adi-
posity in normal weight and overweight women: effects of dietary
fat content and sustained weight loss. J Clin Endocrinol Metab
1996;81:4406-13.

3. Halleux CM, Servais I, Reul BA, Detry R, Brichard SM. Multihor-
monal control of 0b gene expression and leptin secretion from cultured
human visceral adipose tissue: increased responsiveness to glucocor-
ticoids in obesity. J Clin Endocrinol Metab 1998;83: 902-10.

9T0Z ‘9T Jaqwiaoaq uo 1sanb Ag Bio uonuinu-usfe woiy papeojumod


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

10.

11.

12.

13.

14.

15.

16.

17.

18.

LEPTIN AND INSULIN IN PATIENTS RECEIVING TPN 935

. Wabitsch M, Jensen PB, Blum WF, et al. Insulin and cortisol pro-

mote leptin production in cultured human fat cells. Diabetes 1996;
45:1435-8.

. Muscelli E, Camastra S, Masoni A, et al. Acute insulin administra-

tion does not affect plasma leptin levels in lean or obese subjects.
Eur J Clin Invest 1996;26:940-3.

. Clapham JC, Smith SA, Moore GB, et al. Plasma leptin concen-

trations and OB gene expression in subcutaneous adipose tissue
are not regulated acutely by physiological hyperinsulinaemia in
lean and obese humans. Int J Obes Relat Metab Disord 1997;21:
179-83.

. Korbonits M, Trainer PJ, Little JA, et al. Leptin levels do not change

acutely with food administration in normal or obese subjects, but
are negatively correlated with pituitary-adrenal activity. Clin
Endocrinol (Oxf) 1997;46:751-7.

. Saad MF, Khan A, Sharma A, et al. Physiological insulinemia

acutely modulates plasma leptin. Diabetes 1998;47:544-9.

. Utriainen T, Malmstrom R, Makimattila S, Yki-Jarvinen H. Supra-

physiological hyperinsulinemia increases plasma leptin concentra-
tions after 4 h in normal subjects. Diabetes 1996;45:1364-6.
Kolaczynski JW, Ohannesian JP, Considine RV, Marco CC, Caro JF.
Response of leptin to short-term and prolonged overfeeding in
humans. J Clin Endocrinol Metab 1996;81:4162-5.

Drewes C, Nauck MA, Horn R, Holst J, Schmiegel W, Brabant G.
A liquid mixed meal or exogenous glucagon-like peptide 1 (GLP-1)
do not alter plasma leptin concentrations in healthy volunteers. Acta
Diabetol 1997;34:230-4.

Loffreda S, Yang SQ, Lin HZ, et al. Leptin regulates proinflamma-
tory immune responses. FASEB J 1998;12:57-65.

Grunfeld C, Zhao C, Fuller J, et al. Endotoxin and cytokines induce
expression of leptin, the ob gene product, in hamsters. J Clin Invest
1996;97:2152-17.

Sarraf P, Frederich RC, Turner EM, et al. Multiple cytokines and
acute inflammation raise mouse leptin levels: potential role in
inflammatory anorexia. J Exp Med 1997;185:171-5.

Finck BN, Kelley KW, Dantzer R, Johnson RW. In vivo and in vitro
evidence for the involvement of tumor necrosis factor-alpha in the
induction of leptin by lipopolysaccharide. Endocrinology 1998;139:
2278-83.

Cederholm T, Arner P, Palmblad J. Low circulating leptin levels in
protein-energy malnourished chronically ill elderly patients. J Intern
Med 1997;242:377-82.

LeGall-Salmon E, Stevens WD, Levy JR. Total parenteral nutrition
increases serum leptin concentration in hospitalized, undernour-
ished patients. JPEN J Parenter Enteral Nutr 1999;23:38-42.

Van den Berghe G, Wouters P, Carlsson L, Baxter RC, Bouillon R,
Bowers CY. Leptin levels in protracted critical illness: effects of
growth hormone-secretagogues and thyrotropin-releasing hormone.
J Clin Endocrinol Metab 1998;83:3062-70.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Jeevanandam M, Begay CK, Petersen SR. Plasma leptin levels in
trauma patients: effect of adjuvant recombinant human growth hor-
mone in intravenously fed multiple trauma patients. JPEN J Parenter
Enteral Nutr 1998;22:340-6.

Grinspoon SK, Askari H, Landt ML, et al. Effects of fasting and
glucose infusion on basal and overnight leptin concentrations in
normal-weight women. Am J Clin Nutr 1997;66:1352-6.

Bone RC. Toward an epidemiology and natural history of SIRS (sys-
temic inflammatory response syndrome). JAMA 1992;268:3452-5.
Paolisso G, Rizzo MR, Mone CM, et al. Plasma sex hormones are
significantly associated with plasma leptin concentration in healthy
subjects. Clin Endocrinol (Oxf) 1998;48:291-7.

Mueller WM, Gregoire FM, Stanhope KL, et al. Evidence that glu-
cose metabolism regulates leptin secretion from cultured rat
adipocytes. Endocrinology 1998;139:551-8.

Ahren B. Diurnal variation in circulating leptin is dependent on gen-
der, food intake and circulating insulin in mice. Acta Physiol Scand
2000;169:325-31.

Rosenbaum M, Nicolson M, Hirsch J, et al. Effects of gender, body
composition, and menopause on plasma concentrations of leptin.
J Clin Endocrinol Metab 1996;81:3424-7.

Maccario M, Aimaretti G, Corneli G, et al. Short-term fasting abol-
ishes the sex-related difference in GH and leptin secretion in
humans. Am J Physiol Endocrinol Metab 2000;279:E411-6.

Hislop MS, Ratanjee BD, Soule SG, Marais AD. Effects of anabolic-
androgenic steroid use or gonadal testosterone suppression on serum
leptin concentration in men. Eur J Endocrinol 1999;141:40-6.
Behre HM, Simoni M, Nieschlag E. Strong association between
serum levels of leptin and testosterone in men. Clin Endocrinol
(Oxf) 1997;47:237-40.

Hickey MS, Israel RG, Gardiner SN, et al. Gender differences in
serum leptin levels in humans. Biochem Mol Med 1996;59:1-6.
Hellstrom L, Wahrenberg H, Hruska K, Reynisdottir S, Arner P.
Mechanisms behind gender differences in circulating leptin levels.
J Intern Med 2000;247:457-62.

Williams LB, Fawcett RL, Waechter AS, et al. Leptin production in
adipocytes from morbidly obese subjects: stimulation by dexam-
ethasone, inhibition with troglitazone, and influence of gender. J Clin
Endocrinol Metab 2000;85:2678—-84.

Schoeller DA, Cella LK, Sinha MK, Caro JF. Entrainment of the
diurnal rhythm of plasma leptin to meal timing. J Clin Invest 1997;
100:1882-7.

Bornstein SR, Licinio J, Tauchnitz R, et al. Plasma leptin levels are
increased in survivors of acute sepsis: associated loss of diurnal
rhythm, in cortisol and leptin secretion. J Clin Endocrinol Metab
1998;83:280-3.

Woolf PD, Hamill RW, McDonald JV, Lee LA, Kelly M. Transient
hypogonadotropic hypogonadism caused by critical illness. J Clin
Endocrinol Metab 1985;60:444-50.

9102 ‘9T Jaquiadaq uo 1sanb Aq Bio uoniinu-usle woiy papeojumod


http://ajcn.nutrition.org/

