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KEYWORDS Abstract Background and aims: Hyperuricemia (HU) has been shown to be associated with an
Serum uric acid; adverse impact on cardiovascular and metabolic risk. Scanty data are available in the general
Hyperuricemia; population on the longitudinal changes in serum uric acid (SUA), the occurrence of HU and their
Triglycerides; potential predictors. We examined during a 25-year follow-up the SUA changes and the factors
Diuretics: associated with HU development in the Pressioni Arteriose Monitorate E loro Associazioni (PA-
Longitudinal studies; MELA) study.
Obesity; Methods and results: We analyzed data collected in 561 subjects of the PAMELA study evaluated
Blood pressure; during an average follow-up time amounting to 25.4 + 1.0 years (mean =+ SD). HU was defined by
PAMELA study' the Uric Acid Right for Heart Health (URRAh) cutoff (5.1 for females and 5.6 mg/dl for males).

Mean SUA values during follow-up increased from 4.7 + 1.1 to 5.0 & 1.2 mg/dl (P<0.001), the
average SUA elevation amounting to of 0.3 + 1.1 mg/dl 26.7 % of the subjects displayed HU at
the follow-up. This was associated at the multivariable analysis with female gender, office, home
and 24-h blood pressure, diuretic treatment, serum triglycerides and baseline SUA, as well as the
increase in waist circumference and the reduction in renal function.

Conclusion: The present study provides longitudinal evidence that in the general population dur-
ing a 25 year follow-up there is a progressive increase in SUA and HU development. Baseline SUA
represents the most important factor associated with these modifications. Gender, renal dysfunc-
tion, triglycerides, obesity, diuretic treatment and blood pressure represent other variables
capable to predict future occurrence of HU.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico I University. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction metabolic variables, such as gender, age, body mass index,

blood pressure, estimated glomerular filtration rate,
Cross-sectional studies have shown that serum uric acid plasma glucose, plasma cholesterol and triglycerides levels
[SUA] levels are significantly related to a number of [1—8]. Information on the relationships between SUA and
nominal, anthropometric, hemodynamic, renal and the above mentioned variables provided by longitudinal
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investigations appears to be much more scanty, however,
and the only two available studies were performed in
selected patients populations or with a follow-up of
limited temporal duration [9,10].

The Pressioni Arteriose Monitorate E Loro Associazioni
(PAMELA) epidemiological study was carried out on a
sample of a general urban population of Northern Italy,
enrolled in the early 1990s and followed up for many years
[4,11]. Both at the baseline evaluation and at the assess-
ment carried out 25 years later, each subject underwent a
general medical examination, including collection of clin-
ical history, presence of cardiovascular diseases and risk
factors, any drug treatment modification, physical exami-
nation with measurement of anthropometric variables,
“in-office” and “out-of-office” blood pressure [BP] and
heart rate [HR], 24-h BP and HR variability as well as
biochemical variables, including estimated glomerular
filtration rate, blood glucose, serum lipids and SUA.

The present study, based on the analysis of the data
collected in the frame of the PAMELA study, was planned
to identify the variables predicting the long-term increase
in SUA and the appearance of hyperuricemia [HU], defined
accordingly to the recently identified SUA cutoff values [6].
The unique feature of the study was represented by the
evaluation of the data collected over a 25 year observa-
tional period, which represents the longest follow-up
never performed before for this analysis.

2. Methods
2.1. Population

The methodology of the PAMELA study has been described
in detail elsewhere [4,11]. Briefly, 3200 residents in Monza
(a town located in the north-east outskirts of Milan, Italy),
aged from 25 to 74 years, were randomly selected to be
representative of the general population, stratified for
gender and age decades, according to the criteria of the
World Health Organization Monitoring Diseases project
performed in the same geographic area. The initial evalu-
ation was carried out between 1990 and 1993 with a
participation rate amounting to 64 %. The demographic and
clinical characteristics of participants and non-participants,
as assessed by phone interviews, were similar. Five hun-
dreds and sixty one subjects, contacted again between 2017
and 2018, accepted to be re-examined after a mean time (+
standard deviation) interval from the first examination
amounting to 25.4 + 1.0 years, following the same protocol
used for the first evaluation. In both occasions medical
visits were carried out in the outpatient section of the Saint
Gerardo Hospital of Monza, during the morning of a
working day, following an overnight fast and abstinence
from alcohol and smoking since the previous day.

2.2. Data collection
After obtaining an informed consent, a full medical history

was collected in each subject. Data collected included
weight, height, body mass index [BMI], waist

circumference [WC], office, home, 24-h ambulatory BP and
heart rate [HR] values, the overall 24-h BP and HR vari-
ability profile being taken as the corresponding standard
deviation around the average. Blood examinations
included SUA, blood glucose, total serum cholesterol, high
density lipoprotein (HDL) serum cholesterol, serum tri-
glycerides and serum creatinine. Glomerular Filtration
Rate was estimated by the Chronic Kidney Disease EPI
demiology (CKD-EPI) equation [12]. Low density lipopro-
tein [LDL] serum cholesterol was estimated according to
the Friedewald equation. HU was diagnosed using the
cutoff values recently identified by the URRAH study, i.e.
5.1 mg/dl for females and 5.6 mg/dl for males [6]. Office BP
was measured three times with the subject in the sitting
position, using a mercury sphygmomanometer and taking
the first and fifth Korotkoff sounds to identify systolic and
diastolic values, respectively. Office HR was assessed by
the palpatory method at the level of the radial artery. To
assess 24-h ambulatory BP subjects were fitted with a
monitoring device (Spacelabs 90207, Issaquah, WA, USA)
set to obtain automated oscillometric BP and heart rate
(HR) readings every 20 min over the 24 h [4,11]. Subjects
were asked to pursue their normal activities during the
monitoring period, holding the arm still at time of the BP
readings, going to bed not later than 11.00 pm and arising
not before 700 am. Subjects were also asked to self-
measure BP and HR at home, with a validated semi-
automatic oscillometric device (model HP 5331, Philips,
USA), with a cuff size appropriate to each individual’s arm
circumference, at 700 pm and 7.00 am, using the arm
contralateral to the one used for ambulatory BP mea-
surements [4,11]. After editing for artifacts all ambulatory
BP recordings were analyzed to obtain 24-h, systolic BP,
diastolic BP, and HR values. As mentioned above 24-h BP
and HR variability were also obtained. The study protocol
complied with the Declaration of Helsinki and it was
approved by the Ethics Committee of the Institutions
involved.

2.3. Data analysis

Data related to subjects’ characteristics were analysed by
descriptive statistics. Normality of continuous variables
was tested by qqg-plot and Kolmogorov-Smirnov test. Non-
normal variables were log transformed. Continuous vari-
ables were reported as means =+ standard deviation. For
discrete variables, percentages were reported. Paired t-test
and McNemar test were used to compare baseline with
follow-up characteristics. Groups were compared using t-
test, Chi-square test or Fisher’s Exact.

New onset HU calculation was made on subjects dis-
playing normal SUA values at baseline and becoming or
not hyperuricaemic at follow-up. The correlation of
different factors with the occurrence of HU at the second
evaluation was first performed by univariable logistic
regression model. Factors considered included sex, age,
BMI, WC, office, home and 24-h ambulatory systolic BP,
diastolic BP, HR, antihypertensive treatment, use of
diuretic agents, blood glucose, total serum, LDL and HDL
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cholesterol, serum triglycerides, estimated glomerular
filtration rate, baseline SUA, and change (difference be-
tween value measured at baseline and at the second
evaluation 25 years later) of all the afore mentioned vari-
ables. Factors found to be significantly associated with the
occurrence of HU at univariable analysis were then
included as independent variables in the multivariable
logistic model (with stepwise selection), aimed at identi-
fying factors independently associated with the occur-
rence of HU. Then, after exclusion of subjects in whom SUA
decreased at the second evaluation, the association of the
same factors with the change of SUA between baseline
assessment and the second survey was examined via
univariable linear regression models. Factors found to be
significantly associated with increased SUA at univariable
analysis were then used as independent variables of the
multivariable analysis, aimed at identifying factors inde-
pendently associated with increased SUA values (stepwise
selection). All analyses were carried out using a SAS 9.4
software (SAS Institute, Cary, NC, USA) and a P < 0.05 was
considered statistically significant.

3. Results

Table 1 illustrates the prevalence of genders, age, smoking
habit, alcohol intake, BP, HR, anthropometric and meta-
bolic variables in the 561 subjects included in the study,
assessed at baseline and at the second evaluation per-
formed about 25 years later.

3.1. Baseline values

Mean age at baseline was 41.8 + 9.8 years and male
prevalence amounted to 49.7 %. 6.3 % of subjects were
treated for hypertension, of which 2.0 % was under diuretic
treatment at baseline evaluation. Mean systolic/diastolic
BP amounted to 122.2 + 14.8/80.8 &+ 9.7 mmHg respec-
tively, while the corresponding 24-h and home BP values
to 1162 + 91/732 4+ 6.7 and 1160 + 14.8/
73.4 + 9.6 mmHg, respectively. Mean serum creatinine,
fasting blood glucose and triglycerides, BMI and WC were
all within the normal range, while serum cholesterol was
slightly greater the normal values. In the study population
as a whole, mean baseline SUA levels were also within the
normal range (4.7 + 1.2 mg/dl), HU being detectable in !/,
of the study population.

3.2. Follow-up

During the follow-up all the variables underwent signifi-
cant variations, the majority of them showing an increase.
This was the case for office, home and 24-h ambulatory BP,
while the corresponding HR values did not display any
significant change, with the exception of 24-h HR which
showed a significant reduction. The percentage of subjects
under antihypertensive drug treatment in general and
specifically diuretic medications significantly raised to
49.0 % and to 17.5 %, respectively. Serum creatinine values
significantly increased, and the corresponding estimated

Table 1 Baseline and follow-up data of the 561 subjects evaluated
at baseline and at second examination 25 years later.

Variable Baseline Follow-up  P-value
Male, % 49.7 = =

Age, years 418 +98 66.0+98 —
Smoking, % 23.53 11.05 <0.0001
Alcohol, % 43.67 533 <0.0001
Office SBP, mmHg 122.2 + 14.8 136.9 + 18.1 <0.0001
Office DBP, mmHg 80.8 £+9.7 834+9.0 <0.0001
Office HR, b/min 70.5+95 708 +£103 0.6119

Home SBP, mmHg 116.0 £+ 14.8 128.0 + 16.2 <0.0001

Home DBP, mmHg 734+96 776+89 <0.0001
Home HR, b/min 724 +£9.6 72,6 +£10.7 0.7616

24h SBP, mmHg 116.2 £ 9.1 133.6 £+ 14.1 <0.0001
24h DBP, mmHg 732 +67 778 +77 <0.0001

24h HR, b/min
24h SD SBP,mmHg

7623 £83 72.17 £7.7 <0.0001
12.8 £3.07 22.01 +£5.8 <0.0001

24h SD DBP, mmHg 11.5+24 173 +£54 <0.0001

24h SD HR, mmHg 13.1£35 125+36 <0.0001

Antihypertensive treatment, 6.3 49.0 <0.0001
%

Diuretics, % 2.0 17.5 <0.0001

BMI, Kg/m? 244 +36 264+44 <0.0001

WC, cm 82.0+£91.2 91.2 +13.8 <0.0001

86.6 £ 11.9 95.7 +22.5 <0.0001
214.6 + 40.8 201.1 + 36.2 <0.0001
56.7 £ 15.2 59.1 £17.1 <0.0001
138.1 + 38.0 120.5 + 32.1 <0.0001
98.5 + 56.7 108.4 + 58.8 <0.0001

Glucose, mg/dl

Total Cholesterol, mg/dl
HDL-Cholesterol, mg/dl
LDL-Cholesterol, mg/dl

Triglycerides, mg/dl

Creatinine, mg/dl 085+01 093+02 <0.0001
eGFR, ml/min 93.2 + 13.8 79.0 + 16.7 <0.0001
SUA, mg/dl 47 £1.2 50+ 13 <0.0001
Hyperuricemia (SUA>5.1/  26.7 37.2 <0.0005

5.6 mg/dl), %

Data are shown as means + SD or as percent (%) values. SBP =
Systolic Blood Pressure; DBP = Diastolic Blood Pressure; HR=Heart
Rate; SD=Standard deviation; BMI = Body Mass Index; WC =
Waist Circumference; HDL = High Density Lipoprotein; LDL = Low
Density Lipoprotein; eGFR = Estimated Glomerular Filtration Rate;
SUA = Serum Uric Acid.

glomerular filtration rate significantly reduced. Blood
glucose, serum triglycerides, BMI and WC also significantly
increased, the exception being total serum cholesterol and
LDL cholesterol, both variables showing a reduction. SUA
significantly increased, reaching at follow-up the value of
5.0 + 1.3 mg/dl, the total amount of HU also significantly
increasing to 37.2 %.

3.3. Long-term increase in SUA

After exclusion of subjects in which SUA showed a
reduction between baseline and follow-up (n = 204), an
analysis was performed on the relationships between the
different above mentioned variables and the increase of
SUA detected at the second evaluation (ASUA). In
Supplemental Table 1 the univariable correlations are
shown. The variables significantly associated with ASUA
were age, BMI, BP values, WC, antihypertensive treatment
and diuretic drug use, triglycerides, glucose, as well as
changes from baseline to the second evaluation of several
metabolic variables. Gender was not found to be
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significantly associated with ASUA. When factors with a
significant univariable relationship with ASUA were
included in a multiple regression model, the ones resulting
to be independent predictors of the SUA increase over time
included age, diuretics use at follow-up, home diastolic BP,
as well as variations during the 25 year follow-up of BMI,
triglycerides and estimated glomerular filtration rate
(Fig. 1, upper panel).

3.4. New onset HU

Subjects already displaying at baseline evaluation a HU
state (n = 150, 26.7 %) were excluded from the present
analysis. Table 2 shows baseline data collected in the study
population, when classified according to the development
of HU. Out of 411 subjects with normal SUA at initial
assessment, 107 (26.0 %) developed HU at follow-up. When
compared to individuals not displaying at follow-up HU,
subjects with new onset HU were older and more
frequently males. They showed greater BMI and WC
values, higher office, home and 24-h BP values but similar
24-h BP variability. Subjects developing HU were charac-
terized by greater baseline SUA, greater blood glucose,
serum triglycerides and lower serum HDL cholesterol, the
other lipid variables being not significantly different as
compared to individuals not developing HU. Subjects
developing HU also displayed a larger use of anti-
hpertensive drugs in general and specifically of diuretic
medications.

Table 3 shows the univariable correlations of several
variables with the development of HU, a significant num-
ber of which being found statistically significant, namely
male gender, age, BMI and WG, office, home and 24-h SBP,
DBP, HR, antihypertensive treatment at follow-up, use of
diuretic agents, blood glucose, serum HDL-cholesterol,
serum triglycerides, serum LDL-cholesterol, and baseline
SUA. In virtually all cases the relationship of the changes of
these variables between baseline and follow-up evaluation
achieved statistical significance.

Factors displaying a significant association with the
development of HU at univariable analysis were included
in a multiple regression model. As shown in Fig. 1, lower
panel, the independent predictors of new-onset HU
resulted female gender, office systolic BP, diuretic treat-
ment, serum triglycerides, baseline SUA, as well as the
increase in WC and the reduction in estimated glomerular
filtration rate during follow-up.

4. Discussion

Three are the novel findings provided by the present study.
The first finding refers to the data on the incidence of new
HU recorded in the general population of the PAMELA
study in the 25 year follow-up, which represents the
longest period of observation never followed before for a
SUA longitudinal data analysis. The results show that a
consistent fraction of the general population (!/; of the
recruited individuals) may develop hyperuricemia during

Changes in SUA during Follow-up

Beta (Std Error) P-value
Age, years ol 0.01138 (0.004) 0.0047
Diuretics, follow-up, Yes vs No —_——i 0.37817 (0.095) <0.0001
A BMI, kg/m? rod 0.03631 (0.011) 0.0015
A Triglycerides, mg/dl o 0.00192 (0.001) 0.0014
A eGFR, ml/min o -0.01927 (0.003)  <0.0001
Home Diastolic BP, mmHg o 0.01153 (0.004) 0.0075
0I1 (I) O!‘I 0]2 OAIS 0?4 OIA5
New Hyperuricemia Cutoff 5.6 mg/dl (males) 5.1mg/dl (females))
OR (95% CI) P-value
Male vs female gender O 0.250 (0.110-0.571)  0.0010
Office Systolic BP, 5 mmHg megl 1.147 (1.024-1.286)  0.0177
Diuretics, follow-up, Yes vs No —_—0— 2.513 (1.186-5.325)  0.0162
Triglycerides, 50 mg/dl —0— 1.700 (1.195-2.419)  0.0032
Baseline SUA, 0.2 mg/dl o+ 1.468 (1.295-1.664) <0.0001
AWC,2cm 1.119 (1.059-1.183) <0.0001
A eGFR, 10 ml/min —o— 0.491 (0.380-0.634) <0.0001
OI.’I 0.I2 0?5 1 é l5 1I0

Figure 1 Multiple regression model (linear or logistic) for association with changes in serum uric acid (SUA, upper panel) or development of new
hyperuricemia (lower panel). A BMI: changes in body mass index during follow-up, AeGFR: changes in estimated glomerular filtration rate during
follow-up, AWC: changes in waist circumference during follow-up, BP: blood pressure, OR: odds ratio.
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Table 2 Baseline data of 411 subjects with normal SUA at baseline,
separately for those not developing vs those developing hypeur-
icemia at follow-up.

Variable SUA Cutoff 5.6 mg/dl (Males) or P-value
5.1 mg/dl (Females)
No new New
Hyperuricemia Hyperuricemia
N 304 107
Male, % 33.6 514 0.0011
Age, years 404 + 9.1 43.1 +£ 10.9 0.0161
Smoking, % 23.36 26.17 0.5584
Alcohol, % 36.84 48.6 0.0327
Office SBP, mmHg 1184 + 13.0 126.2 + 16.0 <0.0001
Office DBP, mmHg 78.6 £ 9.0 82.3 +10.1 0.0004
Office HR, b/min 71.0 + 8.6 69.3 + 9.4 0.0785
Home SBP, mmHg 112.3 + 141 119.3 +£ 139 <0.0001
Home DBP, mmHg  71.2 + 9.38 75.9 +£9.14 <0.0001
Home HR, b/min 73.6 + 8.8 724 +£99 0.2649
24h SBP, mmHg 113.9 + 84 1189 + 8.9 <0.0001
24h DBP, mmHg 71.8 £ 6.3 74.7 £ 6.7 <0.0001
24h HR, b/min 772 £ 7.2 76.2 £ 89 0.3096
24h SD SBP,mmHg  12.6 + 2.8 133 £ 3.5 0.0670
24h SD DBP, mmHg 114 +2.3 11.8 +£ 2.8 0.1399
24h SD HR, mmHg  13.5 £ 3.5 12.6 + 3.5 0.0199
Antihypertensive 3.0 5.7 0.2311
treatment, %
Diuretics,% 0.3 4.7 0.0053
BMI, Kg/m? 23.6 £35 24.5 + 3.0 0.0188
WC, cm 79.0 + 12.0 82.1 +10.8 0.0191
Glucose, mg/dl 84.8 +10.2 88.1 +15.3 0.0263
Total Cholesterol, mg/ 208.2 + 39.1 216.8 +43.7 0.0787
dl
HDL-Cholesterol, mg/ 59.5 + 15.6 554 + 14.2 0.0132
dl
LDL-Cholesterol, mg/ 132.2 + 36.1 1404 + 38.3 0.0568
dl
Triglycerides, mg/dL 82.2 + 43.8 105.2 £ 546 <0.0001
eGFR, mL/min 95.2 + 13.6 93.0 + 13.3 0.1514
Uric Acid, mg/dl 4.0+ 0.8 4.6 +£ 0.5 <0.0001

Data are shown as means + SD or as percent (%) values. SUA =
Serum Uric Acid; SBP = Systolic Blood Pressure; DBP = Diastolic
Blood Pressure; HR=Heart Rate; SD=Standard deviation; BMI =
Body Mass Index; WC = Wiaist Circumference; HDL = High Density
Lipoprotein; LDL = Low Density Lipoprotein; eGFR = estimated
Glomerular Filtration Rate.

the quarter century follow-up. This information extends to
the mediterranean population data collected in studies
observing a much shorter follow-up and performed in
extra-European populations or in selected patient groups
[9,10].

The second new finding concerns the predictors of the
SUA increase and of the occurrence of HU observed during
the follow-up and thus concerns the factors which may be
responsible for SUA elevation during years. In our study
we found that SUA increase over time and occurrence of
new onset HU are independently associated with a num-
ber of variables, such as advanced age, female sex, elevated
systolic BP values during 24-h BP ambulatory monitoring,
increase in BMI and in serum triglycerides values and
reduction estimated glomerular filtration rate. For both
SUA increase and new onset HU the most relevant

predictor is diuretics use and, for HU only, elevated base-
line SUA values. Taken together the results of the present
study provide long-term evidence on the relevance of
diuretic treatment as predictor of HU development [13],
which, according to recent data, has clearcut prognostic
relevance, being associated with an increase risk of fatal
and non-fatal cardiovascular events [4,5,11,13—19].

The third new finding of the present study concerns the
evaluation of the longitudinal relationships between HU
and “out-of-office” BP, previous studies limiting this in-
formation to “in-office” BP [8—10]. The results show that
home diastolic BP represents an independent predictor of
the time-related SUA increase, while office systolic BP re-
mains the most relevant hemodynamic variable directly
and independently related to new onset HU. No predictive
value was found, on the other hand, for other BP variables
examined in the present study for the first time for their
relationships with SUA, namely systolic and diastolic 24-h
BP variability. This evaluation has relevant clinical impli-
cations, considering that 24-h BP variability has an impact
on cardiovascular prognosis greater for magnitude than
absolute 24-h BP load [20].

Several other results of our study deserve to be briefly
mentioned. In our survey neither office nor home or 24-h
ambulatory HR values were significantly related to the
long-term increase in SUA values and the new onset HU.
Since HR is regarded as a sympathetic marker [21], our
findings at first glance appear not to confirm the relevance
of sympathetic neural mechanisms as driver of SUA
modifications [22—24]. It should be emphasized, however,
that the sympathetic-SUA relationships may become
manifest only when cardiac sympathetic drive is activated
with the corresponding detection of HR greater than 80
beats/minute cutoff value [25]. This was not the case in our
study population whose “in-office” and “out of office” HR
values are around 70 beats/minute.

An element of novelty of our findings concerns the
relation of the time-related SUA increase and the new
onset HU with the overweight/obesity condition and the
hypertriglyceridemic profile. The findings of the present
study provide longitudinal evidence on the close re-
lationships between SUA and triglycerides mostly
described in cross-sectional studies only [4,7,9,10,26—29].
A number of factors may be responsible for this metabolic
interaction. For example oxidative stress determined by
biochemical reactions catalyzed by the xanthine oxidase
may favour mitochondrial dysfunction and citrate release,
thereby increasing the de-novo lipogenesis and tri-
glycerides synthesis [29,30]. Furthermore, SUA may inhibit
lipoprotein lipase activity in endothelial cells triggering an
increase in circulating triglycerides [31]. Finally, in our
study population female gender was associated with
elevated SUA levels, similarly to what found in males. This
finding can be explained taking into account that the
women at the follow-up evaluation were all in the post-
menopausal status, a condition well known to be charac-
terized by the absence of the favorable lowering effects of
estrogens on SUA levels [1].
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Table 3 Univariable logistic regression model for hyperuricemia
development.

Variable SUA Cutoff 5.6 mg/dl
(Males) 5.1 mg/dl (Females)
OR CI95% P-value
Male, vs Female 2.10 1.343.28 0.0012
Age, 1 year 1.03 1.01 1.05 0.0168
BMI, 1 kg/m? 1.08 1.01 1.15 0.0201
WC, 2 cm 1.05 1.01 1.08 0.0228
Smoke, Yes vs No 1.16 0.70 1.93 0.5586
Alcohol, Yes vs No 1.62 1.04 253 0.0334
Office SBP, 5 mmHg 1.21 1.12 1.31 <0.0001
Office DBP, 5 mmHg 124 1.10 1.39 0.0005
Office HR, 5 b/min 0.89 0.79 1.01 0.0795
Home SBP, 5 mmHg 1.18 1.09 1.28 <0.0001
Home DBP, 5 mmHg 130 1.14 147 <0.0001
Home HR, 5 b/min 0.93 0.82 1.06 0.2645
24h SBP, 5 mmHg 139 1.22 159 <0.0001
24h DBP, 5 mmHg 140 1.18 1.66 0.0001
24h HR, 5 b/min 0.92 0.80 1.06 0.2602
24h SD SBP, 1 mmHg 1.08 1.00 1.16 0.0415
24h SD DBP, 1 mmHg 1.08 0.99 1.18 0.1041
24h SD HR, 1 mmHg 0.93 0.87 099 0.0208
Antihypertensive treatment, 1.96 0.68 5.65 0.2119
baseline, Yes vs No
Antihypertensive treatment, follow- 2.31 1.47 3.62  0.0003

up, Yes vs No

Diuretics, baseline, Yes vs No 14.85 1.72 128.51 0.0143

Diuretics, follow-up, Yes vs No 428 247 741 <0.0001
Glucose, 5 mg/dL 1.11 1.02 1.22 0.0199
Total Cholesterol, 5 mg/dL 1.03 1.00 1.05 0.0591
HDL-Cholesterol, 5 mg/dL 091 0.84 098 0.0176
LDL-Cholesterol, 5 mg/dL 1.03 1.00 1.06 0.0482
Triglycerides, 50 mg/dL 1.58 1.26 1.98 <0.0001
eGFR, 10 mL/min 0.88 0.75 1.05 0.1518
Uric Acid, 0.20 mg/dL 131 1.21 141 <0.0001
A BMI, 1 kg/m? 1.12 1.04 1.20 0.0022
A WG, 2 cm 1.10 1.06 1.15 <0.0001
A Office SBP, 1 mmHg 0.98 0.97 1.00 0.0193
A Office DBP, 1 mmHg 0.98 0.96 1.00 0.039

A 24h SBP, 1 mmHg 0.98 0.97 1.00 0.0481
A 24h DBP, 1 mmHg 097 0.94 099 0.0142
A Glucose, 1 mg/dL 1.01 099 1.02 04244
A Total Cholesterol, 1 mg/dL 1.00 0.99 1.00 0.2092
A HDL-Cholesterol, 1 mg/dL 0.98 0.96 1.00 0.025

A LDL-Cholesterol, 1 mg/dL 1.00 0.99 1.00 0.3902
A Triglycerides, 50 mg/dL 1.04 0.851.26 0.7126
A eGFR, 10 mL/min 0.56 0.47 0.68 <0.0001

OR. Odds ratio,; CI: confidence Interval; SUA = Serum Uric Acid;
SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure;
HR=Heart Rate; SD=Standard deviation; BMI = Body Mass Index;
WC = Waist Circumference; HDL = High Density Lipoprotein;
LDL = Low Density Lipoprotein; eGFR = estimated Glomerular
Filtration Rate.

4.1. Strenghts and limitations

Our study has elements of strenght and limitations. The
main strenght is the unique feature of the study which
provides novel longitudinal data on the behaviour of SUA
during half century in the general population, also exam-
ining the predictors of the SUA changes over time. Limi-
tations include: 1) the relatively small sample size of the
population evaluated at follow-up, 2) the lack of infor-
mation about dietary habits which could have affected

SUA, and 3) the impossibility to distinguish the different
conditions of reduced excretion and overproduction of
SUA (due to the lack of data on urinary uric acid) and thus
selectively discriminate the different impact of these two
causes of hyperuricemia. A further limitation is that no
information was available on the use of allopurinol or
febuxostat in the PAMELA study leading to a possible un-
derestimation of our results (i.e. some subjects could have
lower SUA levels due to SUA lowering drug treatments).
However, subjects who already displayed HU at baseline or
subjects showing a reduction in SUA during the follow-up
were excluded from the analysis.

5. Conclusion

In conclusion, the present study provides evidence that in
the PAMELA population a consistent fraction of subjects
experiences during the 25-year follow-up a significant
increase in SUA levels, developing a HU state. Diuretic use
as well as baseline SUA levels represent the main pre-
dictors of the time-related SUA modifications. Other
important factors participating at the above mentioned
modifications are represented by gender, renal dysfunc-
tion, hypertriglyceridemic profile, as well as anthropo-
metric and BP alterations during follow-up.
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