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Abstract

Objectives—to investigate the effects of proton pump inhibitors (PPIs) on the insulin-like-
growth factor 1(IGF-1) system in the elderly.

Design—cross-sectional.
Setting—InCHIANTI study.
Participants—938 older subjects (536 women, 402 men, mean age 75.7+7.4 years).

Measurements—complete data on age, sex, BMI, liver function, medications, dietary intake,
IGF-1, IGF-binding protein-1 and -3 (IGFBP-1, IGFBP-3).

Results—Participants were categorized by PPI use, identifying 903 PPI non users and 35 users.
After adjusting for age, male PPI users (107.0 + 69.6 vs 127.1 £+ 55.8, p<0.001) and female PPI
users (87.6 + 29.1 vs 107.6 £ 52.3, p=0.03) had lower IGF-1 levels than non-users. IGFBP-1 levels
were similar in the two groups in both sexes. In whole population, after adjustment for age and
sex, PPI users had lower IGF-1 levels 81.9 [61.1-113.8] than non-users 110 [77.8-148.6], p=0.02.
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After further adjustment for BMI, albumin, liver function, C-reactive protein, Interleukin-6,
number of medications, ACE-inhibitors use, caloric intake, protein intake, physical activity,
glycemia, and IGFBP-1, the use of PPIs remained significantly and negatively associated with
IGF-1 levels (B£SE=-19.60+9.83, p=0.045).

Conclusion—Use of PPIs was independently and negatively associated with IGF-1 levels.

Keywords
Proton pump inhibitors; IGF-1; older subjects

Introduction

The widespread use of proton pump inhibitors (PPIs) drugs was gradually increased in the
last two decades, especially in older people (1). Recent studies suggest that PPIs may be
overused or inappropriately prescribed in 25% to 81% of elderly patients taking these drugs
(2). Additionally, recent studies raised concerns about the potential increased risk of
fractures (3), clostridium difficile infections (4), and community-acquired pneumonia (1) in
relation to long term use of PPIs. We recently found that long-term use of high dose PPlIs is
associated with increased risk of 1-year mortality in older patients discharged from acute
hospitals (5). Among potential underlying mechanisms explaining such detrimental effects,
the suppression of gastric acidity and the interference with adsorption of macronutrients
(protein) (6), and micronutrients (non-heme iron, calcium, magnesium) (7) have been
advocated, but other causes cannot be excluded.

Nutritional intake is an important regulator of plasma Insulin-like Growth Factor-1 (IGF-1)
levels. In humans, IGF-1 plasma concentrations are reduced by few days of fasting, and their
subsequent normalization depends on the adequacy of energy and protein content in the
refeeding diet (8). Low IGF-1 levels are also found during obesity, metabolic syndrome and
diabetes, suggesting that IGF-1 may be a sensitive marker of malnutrition rather than just a
regulator of cell growth, differentiation, apoptosis and transformation. The IGF-1 bioactivity
is modulated by more than six specific high affinity binding proteins (IGFBPSs), which
regulate and propagate IGF-1 actions in several tissues. An in-vitro study of human
hepatocarcinoma HepG2 cells has shown that omeprazole can stimulate the induction of
Insulin-Like Growth Factor Binding Protein-1 (IGFBP-1), through human Aryl
Hydrocarbon Receptor (hAhR) activation, in an apparent non ligand-binding manner.
Omeprazole, at a concentration usually used by subjects on PPI therapy, can alter IGFBP-1
expression and may influence IGFBP-1-dependent physiological processes (9). On this
basis, it could be hypothesized that PPIs exert their negative effects on nutritional status by
interfering with IGF-1 system.

However, the relationship between PPI use and IGF-1 system in humans has never been
investigated until now. Therefore, the aim of our study was to test the relationship between
use of PPIs and IGF-1 system in older people.
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To address this hypothesis we used data from the INCHIANTI study. This is an
epidemiological, population-based study of randomly selected older people living in 2 cities
in the Chianti area, Tuscany, Italy, designed by the Laboratory of Clinical Epidemiology of
the Italian Research Council of Aging (Florence) to identify risk factors for late-life
disability, as previously described (10). Briefly, participants were selected from the city
registries of Greve in Chianti and Bagno a Ripoli using a multistage sampling method. In
1998, 1453 persons who were randomly selected from the population agreed to participate in
the project. The Italian National Research Council on Aging Ethical Committee ratified the
study protocol and participants provided written consent to participate. Of the original 1453
subjects we excluded 298 participants younger than 65 years and 217 with no information
on hormonal measures, or because refused physical examination or were too sick to be
evaluated. The final study population included 938 older subjects (536 women and 402 men)
with complete information on IGF-1, IGF-binding protein-1 (IGFBP-1), IGFBP-3 and
medications. Demographic information on educational and marital status, smoking and
medication use were collected using standardized questionnaires. Blood samples were
collected in the morning after a 12-h fast. Aliquots of serum and plasma were stored at
80°C. IGF-1 was measured by immunoradiometric assay using commercial reagents. The
Minimum Detectable Concentration (MDC) was 0.80 ng/ml. Inter and intra-assay
Coefficients of Variation (CV) were <10%. IGFBP-1 and IGFBP-3 were measured by
immunoradiometric assay. Serum levels of interleukin-6 (IL-6), were measured in duplicate
by high sensitivity enzyme-linked immunoabsorbent assays (ELISA) using commercial kits
(BIOSOURCE International, Camarillo, CA). The MDC for IL-6 was 0.1 pg/ml. The
interassay CV was less than 7%. C-reactive protein (CRP) was measured in duplicate using
an enzyme-linked immunosorbent assay and colorimetric competitive immunoassay with
purified protein and polyclonal anti-CRP antibodies. The MDC was 0.03 mg/L and the
interassay CV was 5%.

IGF-1/IGFBP-1 ratio as measure of IGF-1 bioactivity was also calculated (11).

Physical activity level in the previous year was considered as an ordinal variable and scored
into seven progressive grades, from 0 (hardly any physical activity) up to 7 (intense exercise
many times/week) by using a modified version of a standard questionnaire (12). For
descriptive purpose, baseline characteristics of the study population were compared
according to presence or absence of PPI use, using a x 2 test and ANOVA model for
categorical and continuous variables, respectively. We used age and gender adjusted linear
regression analysis to test the association between PPI use (predictor) and IGF-1 system
(outcome). Multivariate linear regression adjusted model for age, sex, BMI, albumin, liver
function, number of drugs, angiotensin-converting enzyme (ACE) inhibitor use, caloric
intake, protein intake, CRP, IL-6, physical activity, fasting glycemia and IGFBP-1 was also
used to estimate the association between PPI use and IGF-1.
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Participants were categorized according to PPI use. 35 subjects (14 men and 21 women),
corresponding to 4% of the entire population, were identified as PPI users. The mean age of
whole population was 75.7 £ 7.4 years + SD. None of the participants were on GH treatment
and corticosteroids. The group of PPI users had lower BMI, fasting glycemia, and were
taking a greater number of medications when compared to non-users (Table 1). PPI users
had lower IGF-1 levels than non-users either after adjustment for age (Figure 1) and age and
sex (Table 1). PPI male users were older (77.7+7.5 vs 74.6+6.9) than male non-users, while
women on PPI were younger than their non-users counterpart (74.2+4.8 vs 76.6+7.8) (data
not shown).

After adjusting for age, male PPI users (107.0+£69.6 vs 127.1+55.8 ng/ml, p<0.001) and
female PPI users (87.6+29.1 vs 107.6+52.3 ng/ml, p=0.03) had lower levels of IGF-1 than
non-users (data not shown). PPI users and non-users had similar IGFBP-1 levels, while
IGFBP-3 levels were almost significantly lower among PPI users.

Multivariable analysis was carried out in the whole study population (Table 2). After
adjusting for age, sex, BMI, albumin, liver function, CRP, IL-6, number of medications,
ACE-inhibitors use, caloric intake, protein intake, physical activity, glycemia, and IGFBP-1,
the use of PPIs remained significantly associated with IGF-1 (B£SE=-19.60+9.83,
p=0.045). The negative association between use of PPIs and IGF-1 was attenuated when
IGFBP-3 was included in the multivariable model (B+SE=-15.49+8.43, p=0.06) (data not
shown). No significant association was found between PPI use and IGFBP-1 and between
PPI use and IGF-1/IGFBP-1 ratio (data not shown).

Discussion

In this preliminary analysis performed in older male and female population of the
INCHIANTI study we found a negative association between PPI use and IGF-1 levels.

This is the first human study addressing the relationship between PPl use and IGF-1 system
in older population.

These results are not surprising given the specific mechanism of action of these drugs. PPIs,
by inducing hypochlorhydria and reducing gastric proteolysis, decrease both adsorption and
bioavailability of important nutrients and vitamins, worsening the overall nutritional status
of older individuals (1).

Since IGF-1 is not only an anabolic hormone but also a sensitive nutritional marker, the
reduced levels of IGF-1 in PPI users could be explained by the worse nutritional status in
PPI group. In accordance with this hypothesis, PPI users had lower BMI (although in normal
range) than non-users. However, the adjustment for BMI did not affect the relationship
between PPl use and IGF-1.

We also tested the levels of another nutritional marker such as albumin, but we failed to
detect any significant difference between the two groups. An in vitro study shows that
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omeprazole, a PPl very commonly used, may affect IGF bioactivity by enhancing IGFBP-1
expression (9). In our study no significant difference in IGFBP-1 levels was observed in PPI
users and non users suggesting that mechanisms other than IGFBP-1 should be explored to
explain the difference in IGF-1 levels in the two groups. Interestingly, the relationship
between PPI use and IGF-1 levels was independent of age and sex and remained statistically
significant when separate analyses in men and women were performed or when CRP, IL-6,
physical activity, glycemia, protein intake, and medications known to increase IGF-1 levels
such as ACE-inhibitors were accounted (13, 14).

We should acknowledge some limitations in our study.

The group on PPI treatment was composed of a small number of subjects (N=35).
Information on type and duration of PPI treatment, PPl dosage was not available. The cross
sectional nature of the analysis does not allow to infer any causality in the association
between PPI use and IGF-1 levels. Despite the presence of these limitations, this is the first
evidence of the relationship between PPI use and IGF-system in a population study.
Complete information on IGF-1 and IGFBP-3 and inflammatory markers was available to
test this very novel hypothesis.

In conclusion, use of PPI was independently and negatively associated with IGF-1 levels in
older Italian men and women suggesting one of the potential mechanisms by which use of
PPI can increase adverse outcomes in older subjects.
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IGF-1 serum levels in older PPI users (black column) and PP1 non users (grey column) of
both sexes. IGF-1 levels were lower in PPI users than non users and the difference between
two groups was statistically significant after adjustment for age
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General characteristics of the whole study population divided according to use of PPIs

Table 1

Baseline
All (N=938) Non users(N=903) PPI users(N=35) p*
Age (years) 75.7+7.4 75.7+75 75.66.1 0.88
Gender, M (N,%) 402 (42.9) 388 (42.9) 14 (40) 0.72
BMI (Kg/m?) 27.4+4.05 27.5%4.0 25.8+4.1 0.01
Albumin (g/dl) 4.240.3 4.2+0.3 4.2+0.3 0.67
MMSE 24.3£5.0 24.3+5.1 24.0£3.8 0.68
Caloric intake (kcal/d) 1895.3+557.9 1894.5+554.3 1914.9+652.2 0.71
Protein Intake (Kcal/d) 74.10+ 20.3 74.0+20.4 76.2+ 18.6 0.52
No. of drugs 2.34%£2.0 2.27+2.0 3.91+2.16 <0.001
Ace-inhibitor users (N,%) 228 (24.3) 218 (23.3) 10 (28.6) 0.54
Physical Activity” 1.8£05 18105 1.85:0.5 0.66
ALT (UIN) 19.4+12.1 19.4+12.2 18.1+6.4 0.51
AST (UI/) 21.1%7.9 21.0+8 21.9+6.2 0.52
Fasting Glycemia (mg/dl) 95.4+25.6 95.71+ 25.9 86.61+11.4 0.04
CRP (mg/dl) 2.76[1.35-5.74] 2.76[1.35-5.78] 2.36[1.16-4.57] 0.78
IL-6 (pg/mL) 1.47[0.87-2.33] 1.47[0.87-2.33] 1.53[0.82-2.36] 0.91
IGE BP-3 (ng/ml) 41.4[34.6-49.2] 42.0 [34.7-49.5] 39.0 [335-47.1]  0.07
IGF BP-1 (ng/ml) 29.3[18.1-44.2] 29.1[17.9-44.2] 30.2[21.4-45.11] 0.9
IGF-1 (ng/ml) 109.1[76.7-147.4]  110[77.8-148.6]  81.9[61.1-113.8]  0.02
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*
Data are presented as number of cases (percentage), mean + SD or median and interquartile range, as appropriate. The P values are adjusted for

age and sex.

A

intense exercise many times/week.
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Multivariate regression model * testing the relationship between PPI use and IGF-1

p SE p

PPI use -19.60 =+ 9.83 0.045
Age -2.17 * 031 <.0001
Sex -1590 + 4.20 0.0002
Ace-Inhibitor Use 1580 + 4.50 0.0005
CRP -057 + 028 0.04
ALT -037 + 017 0.02
Protein Intake 0.26 + 010 0.001
Fasting glycemia 0.61 + 0.17 0.0004
Physical Activity -705 + 440 011

Also adjusted for BMI, Log (IL-6), Caloric Intake, Albumin, IGFBP-1, AST, Number of Drugs.
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