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Summary

Objective—Leptin is associated with blood pressure (BP) in experimental and cross-sectional
studies, but only one previous prospective study of middle-aged men has reported the association
between leptin and incident hypertension. We examined the association of leptin levels with
incident hypertension in a population-based study of older men and women.

Design—Longitudinal cohort study

Population—Participants were 602 community-dwelling older adults with normal baseline BP
levels who attended a research clinic visit between 1984 and 1987 and again 4.4 years later (mean
age was 66.2+11.4; 60.6% were men; mean BMI 24.9+3.4 kg/m?).

Measurements—Hypertension was defined as systolic BP >140 mmHg and/or diastolic BP >90
mmHg and/or antihypertensive drug treatment. Leptin was measured by radioimmunoassay.

Results—After an average 4.4-year follow up (minimum 2 — maximum 7 years), 106 (17.6%)
new cases of hypertension were identified. At baseline, participants who developed hypertension
were older, and had higher systolic BP and higher total cholesterol compared to participants who
remained normotensive. Baseline serum leptin levels were higher in participants who developed
hypertension compared to persistent normotensives [median (251 — 75t range)] [8.8(5-16) vs.
7(4-11) ng/mL, P=0.002]. In logistic regression models, leptin (log-transformed) predicted
incident hypertension before and after adjustments for baseline age, BMI, systolic BP, total
cholesterol, medications, and previous cardiovascular disease (OR 1.75 95%CI 1.17-2.61, P =
0.006). This association persisted after exclusion of 45 obese participants.

Conclusion—Higher leptin levels were independently associated with increased odds of incident
hypertension in older adults.
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Introduction

Leptin is a neuroendocrine hormone regulating food intake, metabolism, and fat
accumulation by decreasing appetite and increasing energy expenditure 1. Growing evidence
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suggests that leptin has wider actions influencing autonomic, cardiovascular, and endocrine
function through vascular and renal sympathetic activation 2.

In animal models leptin affects blood pressure (BP) and contributes to hypertension 3.
Cross-sectional studies in humans show an association of leptin with BP levels independent
of body mass index (BMI) 476. In genetic studies leptin gene variants were related to BP in
obese Brazilian7 and American women 8.

Although these previous studies consistently support a role for leptin in BP regulation, only
one prospective study, an 8-year follow-up study of 489 middle-aged men, showed an
association between baseline leptin and incident hypertension 9. No previous community-
based studies have reported the association between leptin and incident hypertension in both
sexes and older age. We report here the association of leptin levels with incident
hypertension in older men and women.

Materials and methods

Study population

Participants in the Rancho Bernardo Study (established in 1972), were community-dwelling,
middle to upper-middle class, Caucasian adults living in southern California. These
individuals were initially enrolled in a study of heart disease risk factors as part of the Lipid
Research Clinics Prevalence Program, and followed subsequently with periodic clinic visits
and yearly mailed questionnaires. The details of the initial study have been described
previously10. This analysis includes 602 participants with normal BP levels who attended a
clinic visit between 1984 and 1987 and a follow-up visit an average of 4.4 years later (+
0.94; minimum 2 -maximum 7 years).

Normal BP (normotension) was defined as systolic BP <140 mm Hg and diastolic BP <90
mm Hg without use of anti-hypertensive medications 11. Incident hypertension was defined
as systolic BP >140 mm Hg and/or diastolic BP =90 mm Hg and/or the use of
antihypertensive drug treatment initiated after the baseline visit.

All participants provided written informed consent. The study protocol was approved by the
Human Research Protection Program at the University of California, San Diego.

Measurements

Height and weight of participants wearing light clothing and no shoes were measured using
a regularly calibrated scale and stadiometer. BMI was calculated as weight (kilograms)/
height (meters)2. Obesity was defined as BMI >30 kg/mZ2. Waist circumference was
measured midway between the inferior lateral margin of the ribs and the superior lateral
border of the iliac crest. Hip circumference was measured as the widest circumference of the
hip.

Systolic and diastolic BP was measured twice in seated resting participants by certified staff
according to a standard protocol 11712. Participants were seated quietly in a chair, with feet
on the floor, and arm supported at heart level for at least 5 minutes prior to BP measurement.
A properly calibrated and validated instrument was used for the auscultatory method of BP
measurement.

Current cigarette smoking, alcohol intake [more than 3 times/week — at least 1 unit of
alcohol (~9 g) at a time], and physical activity (exercise >3 times/week) were self-reported
using standard questionnaires. These behaviors assessed by questionnaire were indirectly
validated by showing a correlation between them and clinical outcomes such as smoking
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with pulmonary function, alcohol intake with HDL-cholesterol, and physical activity with
HDL-cholesterol and pulse rate. Previous cardiovascular disease (CVD) included stroke (by
physician diagnosis), angina (by physician diagnosis, Rose questionnaire, or angina
medication), physician-diagnosed myocardial infarction, cardiac revascularization, or
congestive heart failure. Medication use was validated by a specially trained nurse who
examined pills and prescriptions brought to the clinic for that purpose.

Blood samples were obtained after a requested 12-hour fast; venous blood was obtained in
1984-1987, and serum was separated and frozen at —70°C until 2004, when leptin levels
were measured by radioimmunoassay (Linco Diagnostics Laboratory, St. Louis, MO). The
sensitivity and the intra- and interassay coefficient of variation was 0.5 ng/mL, 4% and 5%,
respectively.

Fasting total cholesterol, HDL, and triglyceride levels were measured in a Center for
Disease Control Certified Lipid Research Clinic Laboratory. Total cholesterol and
triglyceride levels were measured by enzymatic techniques using an ABA-200 biochromatic
analyzer (Abbott Laboratories, Irving, TX). HDL was measured after precipitation of the
other lipoproteins with heparin and manganese chloride. LDL was estimated using the
Friedewald formula. Plasma glucose levels were measured by the glucose oxidase method,
plasma insulin by double-antibody RIA, and serum creatinine by the Jaffe reaction method.
The estimated glomerular filtration rate (eGFR) was calculated by the Cockcroft-Gault
formulal3. Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) was used to
estimate insulin resistance according to the formula: insulin (mU/I) x glucose (mmol/l))/22.5
14.

Statistical analysis

Results

In univariate analyses, clinical characteristics were compared by the presence of incident
hypertension using Student t tests, Mann-Whitney U, and Chi-square analysis. The
association between leptin levels (log-transformed) and clinical characteristics (continuous
variables) was analyzed by simple correlation (Pearson correlation coefficient).

Leptin was analyzed both as a continuous and categorical variable. For continuous analysis,
because of its non-normal distribution, leptin was log-transformed; for categorical analysis,
leptin levels were divided into tertiles and the lowest tertile was a priori selected as the
reference group. Logistic regression models were used to examine the association of leptin
with hypertension incidence adjusting for covariates in multivariate models: the first was
age + BMI adjusted; the second was model 1 + baseline systolic BP + total cholesterol; the
third was model 2 + medications (aspirin, cholesterol-lowering, and estrogen therapy in
women); and the fourth was model 3 + previous CVD. All covariates were chosen based on
univariate association with outcome and exposure (see table 2), and biological significance
(previous CVD). The Hosmer and Lemeshow test was applied to evaluate whether the
estimates of the model fit the data at an acceptable level (P >0.05). There was no collinearity
[tested by simple correlation between variables; those highly correlated (correlation
coefficient >0.6) were included in models separately] or significant interaction observed
between independent variables. All analyses were performed using SPSS (version 13.1,
SPSS, Inc., Chicago, IL); p-values (two-tailed) <0.05 were considered significant.

The 602 participants who were normotensive at baseline had a mean age of 66.2 years +
11.4; 60.6% were men and 7.6% were obese (mean BMI 24.9+3.4 kg/m?). None of the 602
participants were taking anti-hypertensive medication; 19.6% were taking aspirin, 0.5%
were taking cholesterol-lowering medication, and 17.1% of women were taking estrogen

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kramer et al.

Page 4

therapy. During the mean follow up of 4.4 £ 0.94 years (minimum 2 — maximum 7 years),
106 (17.6%) new cases of hypertension (mean of 2 seated blood pressures or new use of
antihypertensive medication) were identified. Their baseline leptin levels were [median (25!
— 75" range)] [7.3 (4-12) ng/mL]. Leptin levels were much higher in women [11.7 (8-19)
ng/mL] than in men [5.6 (4-8) ng/mL, P <0.001].

As shown in Table 1, participants who developed hypertension were older (69.9 £ 8.2 vs.
65.4 + 12.0 years, P <0.001), and had higher systolic BP (129.4 £ 7.0 vs. 121.0 £ 9.2 mm
Hg, P <0.001), lower eGFR (61.4 + 16.4 vs. 65.3 £ 20.6 ml/min, P = 0.04), and higher total
cholesterol levels (5.87 + 1.17 vs. 5.60 + 1.04 mmol/L, P = 0.01) at baseline compared to
participants who remained normotensive. They did not differ by sex or body size. Baseline
leptin levels were higher in participants who developed hypertension [median (25t — 75t
range)] [8.8 (5-16) vs. 7 (4-11) ng/mL, P = 0.002] compared to persistent normotensives.

Table 2 shows the linear association between leptin levels (log-transformed) and clinical
characteristics. The greater the leptin level the higher the BMI, waist circumference, systolic
BP, total cholesterol and LDLc (all P’s <0.05).

As a continuous variable (log transformed), leptin predicted incident hypertension in
unadjusted (OR 1.72 95%CI 1.3-2.33, P <0.001) and fully adjusted models (age, BMI,
systolic BP, total cholesterol, medications, and CVD) (OR 1.75 95%Cl 1.17-2.61, P =
0.006) (Table 3). Further adjustment for HOMA-IR, triglycerides, waist circumference, or
waist/hip ratio separately in the models (instead of BMI) did not materially change these
results. In sex-specific analyses, leptin predicted hypertension in both sexes before (men:
OR 1.72 95%Cl 1.04-2.85, P = 0.03; women: OR 1.87 95%Cl 1.10-3.17, P = 0.02) and after
adjustment for covariates (fully adjusted model; men: OR 2.11 95%CI 1.00-4.46, P = 0.05;
women: OR 3.19 95%CI 1.30-7.80, P = 0.01).

Because for clinical purposes results would be clearer if leptin is expressed in ng/mL, we
also analyzed leptin as a categorical variable expressed in conventional units. Participants
were divided into 3 groups by leptin tertiles [median (251 — 75t range)] [first tertile: 4.2
(3-5) ng/mL; second tertile: 8.3 (7-9) ng/mL; third tertile 18 (14-23) ng/mL]. The incidence
of hypertension was higher in the highest leptin tertile compared to the lowest leptin tertile
(26.4% vs. 14.4%, P = 0.008). Figure 1 shows the odds ratio for incident hypertension
obtained by all logistic regression models. Compared to the lowest leptin tertile, the highest
tertile was associated with an increased risk for incident hypertension before (OR 2.12
95%Cl 1.2-3.6, P = 0.004) and after adjustments for covariates (fully adjusted model: OR
1.98 95%CI 1.04-3.8, P = 0.04). Further adjustment for HOMA-IR, triglycerides, waist
circumference, or waist/hip ratio separately in the models (instead of BMI) did not
materially change these results. Compared to the first tertile, the second tertile did not
increase the risk for incident hypertension in either unadjusted or adjusted analysis (data not
shown).

To investigate the effect of obesity, which is known to be associated with both leptin and
BP, we repeated the analysis excluding all 45 obese participants; leptin levels remained
positively and significantly associated with an increased risk for incident hypertension in all
models in both continuous and categorical analyses. Next, we stratified participants by not
overweight vs. overweight (BMI < and >25 kg/m?); in this analysis, leptin levels (log-
transformed) were still associated with an increased odds of hypertension in fully adjusted
models although statistical significance at P <0.05 was lost in this model for not overweight
participants (BMI <25kg/m?: OR 1.48 95%CI 0.88-2.50, P = 0.10; BMI >25 kg/m?: OR
2.47 95%CIl 1.31-4.65, P = 0.005), likely due to the small number of incident hypertension
cases in the subset.
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To consider the association of leptin with BP change over time, we examined a BP
increment >1 SD in systolic (baseline systolic BP increase =12 mm Hg) or diastolic BP
values (baseline systolic BP increase =7 mm Hg) during the follow up. Higher baseline
leptin levels (log-transformed) were positively associated with BP change before and after
adjustment for covariates using the same multivariate models described above (fully
adjusted model: OR 1.4 95%Cl 1.01-1.74, P = 0.04).

Discussion

In this prospective study, leptin levels independently predicted incident hypertension in
older community-dwelling adults. Increased leptin levels were associated with an
approximately 70% increase in the risk for subsequent hypertension. This association was
observed in both sexes and persisted after excluding obese participants.

Several cross-sectional studies have reported an association between leptin levels and BP.
Barba and colleagues found that leptin levels were associated with BP in 457 Italian men,
independent of age, BMI, insulin, and creatinine 4. The same association was also seen
among Swedish overweight women 15 and in a study of a rural Chinese population 16. To
our knowledge only one prospective study has reported leptin levels and incident
hypertension: Galletti and colleagues followed somewhat younger normotensive men (aged
50.1 + 6.7 years) for 8 years; leptin levels were associated with increased risk for
hypertension in models adjusted for age, BMI, systolic BP, and HOMA-IR 9. That study
evaluated men but not women, had only a single baseline BP measurement, and defined
hypertension differently (systolic BP =160 mm Hg or diastolic 295 mm Hg or anti-
hypertensive medication) than the present study. Our results are consistent with their
findings, but with the strength of an average of two baseline and follow-up BP
measurements for better BP classification. Our study is also the first to show a prospective
association of leptin with categorically defined hypertension, with change in BP, and in both
Sexes.

Sex differences in leptin were described in a Japanese population 5, and in the National
Heart, Lung, and Blood Institute Family Study 8; the latter cross-sectional study reported
leptin gene variants and leptin levels were associated with BP regulation in women but not
men. In Rancho Bernardo an association between leptin and incident hypertension was
observed in both sexes when leptin was analyzed as a continuous variable.

One mechanism whereby leptin may exert an effect on BP could be its effect on the
sympathetic nervous system 2. Chronic hyperleptinemia increases sympathetic nervous
system activity and leads to a decrease in nitric oxide-dependent vasodilatation and
natriuresis 17. However, in animal experimental models, leptin did not affect the
vasodilatation after sodium nitroprusside suggesting either a direct effect on vascular bed or
BP regulation through inflammation18. A human experimental model demonstrated that
leptin induced C-reactive protein mRNA transcription by human coronary artery endothelial
cells in culture as well as the release of C-reactive protein in the culture medium in a
concentration-dependent fashion19. Obesity is another potential mechanism that cannot be
entirely excluded, as controlling for BMI or excluding categorical obesity does not exclude
differences in percent body fat. However, leptin still predicted hypertension in models
adjusted for waist or waist/hip ratio.

To date, leptin has been considered a “good” hormone because of its action in the satiety
pathway 20. Leptin replacement has been evaluated in the treatment of diseases associated
with complete or partial leptin deficiency, including genetic forms of obesity 21,
lipodystrophy 22, and human immunodeficiency virus-associated lipodystrophy 23. In these
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clinical studies the main focus was on the metabolic effects of leptin, and information about
BP was limited/absent or the sample size was too small to exclude an effect of leptin on BP.
The present study highlights a possibly harmful effect of leptin on BP; this information adds
a new potential side effect to be evaluated in future leptin replacement trials.

The Rancho Bernardo Study has several limitations; the population is almost entirely
Caucasian and middle class and had a relatively low prevalence of obesity; results may not
be generalizable to other populations. We did not address specific dietary factors that might
alter leptin and BP (i.e., sodium intake), another area for future research. Serum samples had
been frozen for an average of 18 years before leptin assays; we doubt that long-term storage
distorted the levels of leptin, in that Rancho Bernardo levels are similar to those reported in
other populations using the same assay methods 24.

In the present study BP was assessed in seated subjects according to a standard protocol by
certified nurses, the gold standard for BP measurement in most epidemiological studies.
However, 24-h BP monitoring is more accurate. Recently Thomopoulos and colleagues
reported a cross-sectional study confirming an association between free leptin levels and
hypertension in 494 adults who had 24-h ambulatory BP monitoring25.

In conclusion, higher leptin levels were independently associated with at least 70%
increased odds of incident hypertension in older adults, an association independent of
several potentially important covariates including obesity. These results need to be
replicated in other prospective studies.
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Figure 1.

0Odds Ratio (95% Cl)

Odds ratio for incident hypertension, highest tertile of leptin compared to the lowest tertile
(reference category). Model 1: adjusted for age and body mass index; Model 2: model 1 +
baseline systolic blood pressure + total cholesterol; Model 3: model 2 + medication (aspirin,
cholesterol-lowering, and estrogen therapy in women); Model 4: model 3 + previous

cardiovascular disease.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Kramer et al.

Table 1

Baseline characteristics by hypertension incidence status

Persistent New

Normotensives  hypertensives P

(n = 496) (n =106)
Mean age (yrs) 65.4+12.0 69.9+8.2 <0.001
Men - n (%) 308 (62.1) 57 (53.8) 0.11
Regular exercise - n (%) 397 (80.5) 92 (86.8) 0.12
Current smoke - n (%) 70 (14.1) 12 (11.3) 0.45
Alcohol (3 times/week) - n (%) 228 (46) 48 (45.2) 0.90
Body mass index (kg/m?) 249+35 25034 0.82
Waist circumference (cm) 86.2+11.4 86.9+11.0 0.59
Systolic blood pressure (mm Hg) 121.0+9.2 129.4+7.0 <0.001
Diastolic blood pressure (mm Hg) 729+74 74174 0.13
Fasting blood glucose (mmol/L) 5.46 + 0.99 5.76 + 1.97 0.13
Total cholesterol (mmol/L) 5.60 + 1.04 5.87+1.17 0.01
LDL-c (mmol/L) 3.50+0.95 3.74 £ 1.06 0.02
HDL-c (mmol/L) 1.53+0.48 1.55+0.40 0.63
Triglycerides (mmol/L) 1.05 (0.80) 1.02 (0.80) 0.73
HOMA IR(mU*mmol/L2)* 2.8(1.8) 2.8 (L.7) 0.82
Creatinine (umol/L ) 97.2+17.7 88.4+17.7 0.11
Estimated glomerular filtration rate (ml/min)  65.3 + 20.6 61.4+16.4 0.04
Leptin (ng/mL) 7(7) 8.8 (11) 0.002

Data expressed as percentage, mean = SD or median (interquartile range).

*

Homeostasis Model Assessment for Insulin Resistance.

Clin Endocrinol (Oxf). Author manuscript; available in PMC 2011 August 1.

Page 9



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Kramer et al.

Table 2

Simple correlation between leptin levels (log-transformed) and clinical characteristics

Pearson correlation

coefficient P value
Age 0.095 0.02
Body mass index 0.434 <0.001
Waist circumference 0.113 0.006
HOMA-IR (log) 0.337 <0.001
Systolic blood pressure  0.140 0.001
Diastolic blood pressure  0.011 0.80
Total cholesterol 0.261 <0.001
HDLc 0.033 0.42
LDLc 0.218 <0.001
Triglycerides (log) 0.287 <0.001
Fasting plasma glucose ~ 0.018 0.66
eGFR 0.030 0.46
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