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Abstract. – OBJECTIVE: Onset and hospital-
ization of acute diseases do not occur random-
ly, but exhibit preferred high-risk temporal peri-
ods. The aim of this study, based on the data-
base of hospital admissions of the Emilia-Ro-
magna region of Italy, was to evaluate the pos-
sible existence of a seasonal or weekly pattern
of hospitalization for acute diverticulitis (AD),
and different rates of complications between
weekend (WE) vs. weekday (WD) admissions.

PATIENTS AND METHODS: The study in-
cluded all emergency hospital admissions in
Emilia Romagna Region for AD between 1999
and 2011 (ICD-9-CM codes: 562.11-562.13). Day
of admission was categorized, respectively, in-
to four 3-month intervals, twelve 1-month in-
tervals, seven 1-day intervals for statistical
analysis, performed by c2 test goodness of fit
and partial Fourier series on total number of
cases, males and females, nonfatal or fatal
cases, without and with hemorrhage.

RESULTS: The database contained records
of 29,428 events of AD, relative to 24,843 dif-
ferent patients (mean age: 71.2±13.8 years;
40.5% males). Chronobiological analysis yield-
ed a biphasic rhythmic pattern in AD admis-
sions, characterized by two peaks in Autumn
and Spring. As for day of admission, a pro-
gressive decrease of frequency during the
week was observed. In turn, a slight increase
of admissions on WE was observed for hemor-
rhagic events.

CONCLUSIONS: An excess burden of hospi-
talization for AD is observed in the region Emil-
ia-Romagna of Italy, with demonstration of a
biphasic cyclical pattern with peaks in Autumn
and Spring. Again, a decreasing number of
Monday to Friday admissions was observed.
Further studies are needed to identify possible
underlying causes.
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Background

A growing body of evidence indicated that onset
and hospitalization of acute diseases do not occur
randomly throughout seasons, months, or day-of-
week, but exhibit peculiar preferred high-risk peri-
ods. On one hand, in fact, autumn and winter have
shown highest peak of occurrence of acute my-
ocardial infarction (AMI), ischemic cerebral acci-
dents, acute aortic diseases, and pulmonary em-
bolism1-5. On the other, Monday has been shown to
be a critical day for onset of some acute diseases,
too6,7. Several gastrointestinal diseases showed sea-
sonal patterns of occurrence as well, e.g., inflam-
matory conditions, acute infective gastrointestinal
diseases, upper gastrointestinal bleeding, peptic ul-
cer, acute pancreatitis, and appendicitis8-14.
Diverticulosis is a common disease, affecting

many patients, with frequent implications for emer-
gency department (ED) physicians and surgeons. Its
prevalence is estimated at 5% by the age of 40 years,
up to 65% at 80 years of age15. The pathogenesis is
complex, and probably multifactorial; however, the
reason why only some subjects progress from
asymptomatic to symptomatic, or even acute and
complicated disease remains poorly understood. Re-
cently, a study conducted on a large population in
the United States16 first reported the existence of a
seasonal pattern in occurrence of acute diverticulitis
(AD), characterized by a peak of highest frequency
during summer months. The aim of the present
study was to evaluate the possible existence of a sea-
sonal and/or a weekly pattern of hospitalization for
acute AD, in a large region of Italy, characterized by
excellent health services, open 24/24 hours and 7/7
days, representative of our country as a whole.
Moreover, due to recent worrisome evidence about
increased risk of mortality of several cardiovascular
diseases when hospitalization occurs on weekends
(WE)17-19, we analyzed the rates of complications
betweenWE vs. weekday (WD).



hospitalization) and nonfatal (patient dis-
charged alive), and presence or not of hemor-
rhagic complications. To reduce the impact of
age and co-morbidity as possible influencing
factors in the analysis of in-hospital prognosis,
we utilized the Charlson index modified for use
with ICD-9-CM administrative databases, ad-
justed by age (CCIa)20-22. Based on day of ad-
mission (time of arrival to the ED), each case
was categorized into:
• twelve 1-month intervals
• four 3-month intervals (Spring: March 21 to
June 20, Summer: June 21 to September 20,
Autumn: September 21 to December 20; Win-
ter: December 21 to March 20)

• seven 1-day intervals, and occurrence of
events on WE vs. WD. Admission on WE was
defined as occurred from midnight of Friday
to midnight of Sunday. The main national fes-
tive days in Italy (January 1, April 25, May 1,
June 2, August 15, November 1, December 8,
December 25 and 26) when occurring on WD,
were considered as Sunday/WE.
The distribution of admissions was tested for

uniformity in all groups by χ2 test goodness of
fit23. Moreover, a further analysis on monthly and
weekly admissions was performed to test the hy-
pothesis of a cyclical variation, by applying par-
tial Fourier series (Chronolab software)24 to the
time series data. This program selects the har-
monic, or combination of harmonics, best ex-
plaining the temporal variance of the data. The
percentage of the overall variance attributable to
the approximated cosine function serves as the
estimate of the goodness of fit, and the F-test sta-
tistic was used to test the zero-amplitude null hy-
pothesis (absence of periodicity). The parameters
calculated were: the midline estimated statistic of
rhythm (MESOR, the rhythm-adjusted mean for
the time period analyzed), amplitude (half the
difference between the absolute maximum and
minimum of the fitted approximation), and peak
(acrophase) and trough (bathyphase).
Moreover, data of monthly admissions have

been also adjusted for number of days, and the
average number of admissions per month, ac-
cording with Barnett & Dobson, Analysing Sea-
sonal Health Data, Springer, 2010 (free down-
load at: http://cran.r-project.org/web/packages/
season/season.pdf).
Statistical analysis of demographic data was

performed using SPSS 13.0 for Windows 2004
(SPSS Inc, Chicago, Ill). Significance levels were
set at p < 0.05.
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Patients and Methods

Emilia-Romagna is a region situated in north-
eastern Italy, with a surface area of 22,124 Km2,
and a total population of ~4,300,000 people
(≈7% of all Italy). Since 1978, Italy is provided
with a National Health Service (NHS), based on
the principle of ‘universal entitlement’, with the
Government providing free and equal access to
medical care to all residents. The NHS is largely
under the control of regional governments and is
administered by local health authorities (Azienda
Sanitaria Locale/ASL).

Patient selection and eligibility
The analysis included all emergency hospital

admissions for AD between January 1, 1999 and
December 31, 2011, recorded in the database of
the Region Emilia Romagna (RER) of Italy. In
particular, only emergency admissions in which
AD was indicated as the main discharge diagno-
sis were extracted from the database. Starting
from 1999, the RER created an electronic data-
base, tracking all discharge hospital sheets of pa-
tients admitted to hospitals. The discharge hospi-
tal sheet lists name and surname, gender, date of
birth, date, hour and department of hospital ad-
mission/discharge, vital status at discharge,
length-of-stay, primary and up to 15 secondary
discharge diagnoses, and most important diag-
nostic procedures based on the International
Classification of Diseases, ninth Revision, Clini-
cal Modification (ICD-9-CM). To respect the pri-
vacy dispositions, RER health authorities re-
moved patients’ names from the database. A con-
secutive identification number for each patient
was the only identification data allowed for
analysis to categorize the admissions by age
group and evaluation of rehospitalizations. We
considered only emergency admission with pri-
mary or secondary diagnosis of:
• 562.11 Diverticulitis of colon without mention
of hemorrhage

• 562.13 Diverticulitis of colon with hemor-
rhage
All recurrent admissions secondary to a prima-

ry event or a postoperative complication related
to prior surgical management have been consid-
ered as one admission only.

Statistical Analysis
The total sample was divided into subgroups

by gender, age (< 65, 65-74, ≥ 75 years), raw
indicators of outcome, e.g., fatal (death during
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Results

During the observed period, the RER database
contained records of 29,428 events of AD, rela-
tive to 24,843 different patients (mean age:
71.2±13.8 years), 10,074 males (40.5%; mean
age: 67.3±15 years), and 14,769 females (59.5%;
74±12.3 years; p < 0.001). In 4,585 (15.5%) pa-
tients, a recurrent hospitalization was registered.

Conventional analysis
The monthly distribution of AD admissions for

total population and different subgroups is shown
in Figure 1. There was a biphasic pattern of highest
frequency of admissions, with peaks in Spring and
Autumn, with significant differences for subgroups
by age, and for fatal events that showed a higher
frequency in winter months (Table I).
As for seasonal distribution, the lowest fre-

quency of admissions is shown in Winter (Figure
2), again with differences by age groups and fatal
events (Table II).
As for day of admission, a progressive de-

crease of frequency during the week was ob-
served (Table III, Figure 3). In turn, a modest
(but statistically significant) increase of admis-
sions on WE was observed for hemorrhagic
events of AD (Table III, Figure 4).

Inferential analysis
Chronobiological analysis yielded a rhythmic

pattern in AD admissions, characterized by a
biphasic pattern with two peaks in Autumn and in
Spring. In particular, a principal Autumn peak was
found for total sample (12 Sept, p = 0.031, PR -
percent of rhythm 74.2%), females (12 Sept, p =
0.020, PR 77.6%), subjects aged <65 years (15
Sep, p = 0.030, PR 74.5%), subjects aged 65-75
years (28 Sep, p = 0.039, PR 72.4%), non-fatal
events (12 Sep, p = 0.026, PR 75.6%), fatal events
(28 Nov, p = 0.075 NS, PR 66.1%), subjects with-
out hemorrhage (10 Sep, p = 0.026, PR 75.5%),
subjects with hemorrhage (18 Sep, p = 0.141 NS,
PR 58.5%), whereas a principal Spring peak was
found for Males (9 May, p =.506 NS, PR 31.2%)

Discussion

It has been shown that different emergencies
exhibit precise circadian patterns of onset25, and
seasonal patterns of onset have been reported for
several diseases as well26-28.
To the best of our knowledge, the only avail-

able study aimed to evaluate the seasonal varia-
tion in onset of AD has been recently performed
in the United States16.

Figure 1.Monthly distribution of acute diverticulitis (AD) hospitalizations in the Emilia Romagna region of Italy (total popu-
lation).
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Although in the presence of similar character-
istics (database of administrative data, with no
access to medical data, utilization of inferential
sinusoidal analysis), and common relief that
winter seems to be a low-frequency season, the
two groups found different peaks. In fact, Ric-
ciardi et al reported a main peak in Summer16,

and we here found two main peaks in Spring
and Autumn. Nevertheless, given the great dif-
ferences existing between United States and a
region of Italy (climatic, dietary, social, of
healthcare organization), it is somewhat difficult
to draw conclusions regarding a disease with
unknown cause.

Figure 2. Seasonal distribution of acute diverticulitis (AD) hospitalizations in the Emilia Romagna region of Italy (total popu-
lation).

Table II. Seasonal distribution of hospital admissions for acute diverticulitis (AD).
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Figure 3. Day-of-week distribution of acute diverticulitis (AD) hospitalizations in the Emilia Romagna region of Italy (total
population).

Figure 4.Weekday vs. weekend distribution of acute diverticulitis (AD): cases with or without hemorrhagic complication.



In fact, the pathogenesis of diverticular disease
is probably multifactorial, involving dietary
habits, changes in colonic pressure, motility and
wall structure associated with ageing29. Also Ric-
ciardi et al. stated that an obvious cause or trig-
ger for AD cannot be given, but only hypothesis
can be made16. They gave importance to the simi-
lar summer pattern of other inflammatory intesti-
nal diseases, such as appendicitis11,30-31, put for-
ward the hypothesis that infectious causes may
play a role16.
We found that winter could represent a low-

frequency but a high-risk season, since fatal cas-
es showed a peak just in this season. We have
previously observed a similar pattern, with in-
creased risk of death in Autumn-Winter, for acute
appendicitis11 and acute pancreatitis14. It is possi-
ble that a correlation with infectious diseases and
patients’ comorbidities may exist.
On the other hand, given also the differences

in the incidence of diverticular disease in differ-
ent continents, a possible causative role by for
processed foods and deficiency of insoluble fiber
can be hypothesized32,33, seasonal variation in ali-
mentary habits could also be considered34.
As for weekly distribution, the increase of ad-

missions on the first days of the week is similar to
that observed for other cardiovascular diseases,
and it is probably in relation with the organization
of medical service. In particular, in our National
(and Regional) healthcare organization, general
practitioners (GPs) operate from Monday to Fri-
day and are not available during the WE. During
holidays and WE, GPs are backed up by a dedi-
cated staff of younger doctors on-call, who have
less experience and are not provided of complete
patients’ informations. Thus, it is likely that acute
situations with high emotional impact, e.g., acute
abdominal pain, or bleeding, induce patients to
seek help directly to the ED duringWE.
This study has several limitations, common to

retrospective studies based on administrative cod-
ification35. First, utilization of ICD 9-CM code
may be biased by the physicians’ habits with re-
gard to assigning a diagnosis and possible conse-
quences, e.g., errors of codification, underestima-
tion, and missing code. Second, information on
the severity of illness is not available. In fact, it is
impossible to obtain data about duration of symp-
toms, appropriateness and timeliness of diag-
noses, drugs taken at home, possible precipitating
factors, which could perhaps explain the different
outcomes among patients admitted on different
times of years and week. Thus, we decided to

limit ourselves to simple raw indicators of out-
come, such as fatal (death during hospitalization)
or nonfatal (discharge alive) cases, and consid-
ered only the primary cause of death or discharge
diagnosis. Third, caution must be used in the in-
terpretation of hospitalization data, that do not
provide information on ambulatory outpatients,
and miss any out-of-hospital information. Given
these limitations, however, the study has also
some strenghts, such as its size and long period of
observation (13 years), and data well representa-
tive of the real-life management outcome of AD
patients referring to an ED. Moreover, this is the
first study on this topic in the European continent.

Conclusions

Also in a large region of Italy, an excess bur-
den of AD hospitalizations is observed in Au-
tumn and Spring. Again, a decreasing number of
Monday to Friday admissions has been observed.
Although it seems impossible to draw any expla-
nation from this study, it is possible that either
multifactorial agents, e.g., climatic changes, mi-
gration or vacation patterns, lifestyle, dietary
habits, medication use may play a favoring role,
and body’s predisposition according with season-
al endogenous rhythms36 may also concur.
Prospective clinical studies are so needed to con-
firm these preliminary different observations, ob-
tained in different Countries.
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