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Seasonal variation in blood pressure (BP) has been
observed in different populations. However, only few studies
have focused on BP seasonality in diabetic patients. This
study examined the seasonal patterns in BP in 62,589
patients with type 1 diabetes mellitus (T1DM) and in 99,546
patients with type 2 diabetes mellitus (T2DM) from the
German/Austrian Diabetes Follow-up Registry. Adjusted
mean BP values revealed seasonal cycles of 12 months,
with higher BP in colder months. Using harmonic regression
models, the estimated systolic BP difference throughout the

year was 2.28/2.48 mm Hg in T1DM/T2DM (both P<.001).
Interestingly, seasonal variation in diastolic BP was larger in
T1DM than in T2DM (1.24/0.64 mm Hg, P<.001). A sex
difference was observed in T1DM only, while age differences
occurred in both types of diabetes. Correlations between BP
and potentially related factors such as outdoor temperature
indicated that reasons underlying BP seasonality are likely to
be complex and vary by subgroup. J Clin Hypertens
(Greenwich). 2015:1–9. ª 2015 Wiley Periodicals, Inc.

Hypertension is a common comorbidity in both type 2
(T2DM) and type 1 (T1DM) diabetes mellitus. Patients
with T2DM may have hypertension at diabetes onset,
whereas patients with T1DM usually develop hypertension as a result of nephropathy, but also weight gain and
arterial stiffness over the years. Depending on age, 20%
to 60% of T2DM patients and up to 30% of T1DM
patients are affected by hypertension.1 Since high blood
pressure (BP) is one of the main risk factors for
cardiovascular events and microvascular complications,1 current European guidelines (2013 European
Society of Hypertension/European Society of Cardiology [ESH/ESC] guidelines for the management of
arterial hypertension) recommend a systolic BP (SBP)
<140 mm Hg and a diastolic blood pressure (DBP)
<85 mm Hg for patients with diabetes.2
Various epidemiologic studies observed that BP levels
vary by season.3 Higher BP during cold seasons has been
described in both normotensive4,5 and hypertensive4,6–8
patients as well as in children and adolescents9,10 and in
adults.11–13 However, only few studies focused on
seasonal changes of BP in diabetic patients.14,15 Thus,
it remains unclear whether this cyclic behavior observed
in various populations also applies to diabetic patients.

The objective of the present analysis was to investigate whether and to what extent seasonal variation in
BP exists in T1DM and T2DM patients. In addition, we
examined whether seasonal patterns differ between age
strata, sex, and type of diabetes. Knowledge of the
extent of seasonality in BP in diabetic patients could
optimize patient care and patient-self management in
order to achieve BP targets, since seasonality may affect
the classification of patients as normotensive or hypertensive. Furthermore, seasonal patterns in BP should be
taken into consideration when setting up clinical trials.
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PATIENTS AND METHODS
The DPV Registry
The Diabetes Follow-up Registry (DPV) is a German/
Austrian standardized computer-based prospective
observational multicenter survey for all types of diabetes. Data are collected longitudinally at 377 diabetes
centers (352 in Germany and 25 in Austria, March
2013) during routine patient care and documented in an
electronic health record. Anonymized data are transmitted semiannually to the University of Ulm for central
validation. Data are reported back to the diabetes
centers for correction of implausible and missing data.16
The database comprises demographic and anthropometric characteristics as well as diabetes-related variables covering therapy, comorbidities, and disease
outcomes.17 The ethics committee of the medical faculty
of the University of Ulm and the institutional review
boards at the participating diabetes centers approved
data collection.
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Study Cohort
For the present analysis, all SBP and DBP values
measured between January 2003 and December 2012
were extracted from DPV. According to the ESH/ESC
guidelines for the management of arterial hypertension,
measurements were performed by trained personnel
during routine care in pediatric or internal practices
using validated auscultatory semiautomatic or oscillometric sphygmomanometers. BP was measured at the
heart level in a sitting position after several minutes of
rest with a bladder suitable for individual upper arm
width. BP measurement error was reduced by three
consecutive BP readings per occasion.2,18 SBP (DBP)
values outside of the range of 50–300 (30–250) mm Hg
were considered implausible and therefore excluded. If a
patient had more than one BP measurement in a single
month, the median value was used for this month.
Patients treated with antihypertensive medication (7.6%
of T1DM patients, 42% of T2DM patients) were
excluded in order to avoid bias.
Altogether, 732,179 BP values of 62,589 T1DM
patients and 254,639 BP values of 99,546 T2DM
patients were analyzed (Figure 1). For subgroup comparisons, BP values were stratified according to sex, age
(<10, 10<20, 20<30, 30<40, 40<50, ≥50 years for
T1DM; <40, 40<50, 50<60, 60<70, 70<80, ≥80 years
for T2DM), duration of diabetes (<5, 5<10, 10<20,
20<30, ≥30 years), and presence of hypertension (never;
at some but not all of the patient’s visits, at each of the
patient’s visits). Hypertension was determined according to European guidelines (>140/85 mm Hg)2 for
adults and according to the German KiGGS reference
values for pediatric patients younger than 18 years
(>95th percentile).19 German mean monthly outdoor
temperature and sunshine duration in 2003–2012 were
extracted from Germany’s National Meteorological
Service.20 These data were used as parametric measures
of seasonality attributable to environmental variation.
For 2009–2012, an index of consultations due to acute
respiratory disorders, weekly released by the Robert
Koch Institute,21 was aggregated per month and used as
a proxy for the frequency of acute respiratory disorders.
Statistical Methods
All statistical analyses were performed using SAS 9.4
(Statistical Analysis Software, SAS Institute Inc, Cary,
NC). P values <.05 of two-sided tests were considered
statistically significant.
In order to consider the fact that some patients had
several visits within the 10-year period, linear mixed
models were applied to compute monthly aggregated BP
values. Least-square means for each of the 120 months
of the 10-year period, adjusted for sex, age group,
duration of diabetes group, and patient-specific random
effect, were calculated and plotted separately for T1DM
and T2DM.
Time series can be decomposed in long-term trend,
seasonal variation, and irregular fluctuation. Since we
were only interested in seasonal patterns, we removed
2
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the long-term effect (year of observation) based on a
linear mixed model with SBP or DBP as dependent
variables and year in categories as fixed effect. A
patient-specific random effect with unstructured covariance matrix was included to account for repeated
measurements in patients. The resulting residuals were
extracted and used to model seasonal patterns.
Seasonal patterns were examined using harmonic
regression models (SAS procedure NLMIXED). This
approach allows estimating amplitude and phase shift of
seasonal variation. Time dependence of the yearadjusted SBP and DBP values was modelled by sine
and cosine terms.22,23 Nonlinear mixed regression
models additionally included the potential confounding
variables of age, sex, and duration of diabetes (in
categories) and patient-specific random effects with
unstructured covariance matrix:
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C
seasonal pattern.22 Corresponding 95% confidence
limits (CLs; lower CL–upper CL) were computed by
the Delta method.24 We used first-order interaction
terms between the trigonometric functions of month
and sex, age, or duration of diabetes to compare
amplitude and phase shift between subgroups. Outdoor
temperature was modelled in a separate harmonic
regression model to compare the estimated seasonal
patterns of BP and temperature.
Spearman’s rank correlation coefficient (rs) with 95%
confidence interval was calculated to assess the association between monthly aggregated BP values, adjusted
for year of observation, age, sex, and duration of
diabetes, and potentially related influencing factors.

RESULTS
Patient characteristics can be found in Table I. A total of
52.7% of the T1DM patients and 51.8% of the T2DM
patients were men. In T1DM, an average of 11.7 BP
measurements (range 1–96 BP values) per patient were
available, with most of the measurements obtained from
patients aged 10<20 years (62.9%). A total of 25%, 8%,
5%, 21%, and 41% of all T1DM patients had 1, 2, 3, 4–
10, and >10 BP measurements, respectively. The mean
time between measurements was 4.33.6 months. In
T2DM, an average of 2.6 BP measurements (range 1–53
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FIGURE 1. Selection of the study population. T1D indicates type 1 diabetes; T2D, type 2 diabetes; BP, blood pressure.

BP values) per patient were available, with most of the
values obtained from patients 60<70 years and
70<80 years of age (each 29.1%). A total of 70%,
13%, 4%, 2%, and 11% of all T2DM patients had 1, 2,
3, 4, and >4 BP measurements, respectively. Mean
duration between two BP measurements was
7.94.7 months. A descriptive patient summary for
each of the 10 years analyzed can be found in Table SI.
Mean monthly BP, adjusted for age, sex, and duration
of diabetes, indicated sinusoidal patterns for both
T1DM and T2DM patients, with peaks in winter
months and nadirs in summer months (Figure 2). BP
values were higher and fluctuated more in T2DM
compared with T1DM patients. In T1DM, subgroup
analyses revealed lower BP levels in younger patients
and in patients with shorter duration of diabetes,
whereas the patterns observed in T2DM seemed to be
less clear (not shown).
We used sine and cosine functions with 12-month
periods to model BP in harmonic regression. Figure 3
depicts the yearly seasonal patterns for both types of
diabetes, estimated by a harmonic regression model,
with adjustments for sex, age, and duration of diabetes.
All four BP patterns are inversely related to the seasonal
behavior of the German outdoor temperature (Figure 3)
and duration of sunshine (not shown).
Comparison of T1DM and T2DM
The estimated SBP amplitude was 1.14 (1.11–1.18) mm
Hg (P<.001) in T1DM patients and 1.24 (1.17–1.31)
mm Hg (P<.001) in T2DM patients (Table II), ie, an
estimated difference of 2.28 mm Hg and 2.48 mm Hg,

respectively, between summer and winter. The estimated
overall difference in SBP amplitude between T1DM and
T2DM was significant (0.10 [0.18 to 0.02] mm Hg,
P=.0107). Stratification by sex revealed that the difference remained significant in men (difference 0.29
[0.40 to 0.18] mm Hg, P<.001), but not in women
(difference 0.08 [0.03 to 0.19] mm Hg, P=.1621).
In contrast to SBP, seasonal variation in DBP was
significantly stronger (P<.001) in T1DM patients than
in T2DM patients (Table II). The association was
confirmed for both men and women. Due to this
finding, we analyzed the variation of peripheral pulse
pressure (PP) (Table II). Overall, PP amplitude was
significantly lower in T1DM than in T2DM (0.52
[0.49–0.56] v. 0.94 [0.88–1.00]; difference: 0.42
[0.49 to 0.35], all P<.001), with this difference
being more pronounced in men than in women.
In agreement with the time series plots, the lowest
model-based SBP estimates were observed in summer
months (T1DM: June 28th [26th–29th]; T2DM: July
8th [4th–12th]) and the highest values in winter months.
Minimum DBP values were observed in June (T1DM:
June 22nd [20th–25th]; T2DM: June 13th [3rd–22nd]).
According to this, seasonal behavior of SBP was more
simultaneous with DBP in T1DM patients than in
T2DM patients. Overall, the phase shift difference
between T1DM and T2DM patients was significant
for both SBP (P<.001) and DBP (P=.011).
Subgroup Comparisons in Patients With T1DM
Subgroup comparisons were conducted to reveal differences in amplitude and phase shift between sex, age
The Journal of Clinical Hypertension
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TABLE I. Patient Characteristics and Distribution of BP Values
T1DM
Patients, No.

T2DM
62,589

99,546

Men, %
Age at onset, y

52.7
10.2 (6.0–15.1)

51.8
57.8 (48.0–67.5)

Normotensive, %a
Hypertensive, %a

35.8
9.5

42.8
39.7

BP values, No.
BP values stratified by sex, %
BP values stratified by age group, %

BP values stratified by duration of diabetes group, %

Male

732,179
52.0

Male

254,639
51.6

<10 y
10≤20 y

25.7
62.9

20≤30 y
30≤40 y

3.0
2.2

40≤50 y
≥50 y

<40 y

4.3

2.5
3.7

40≤50 y
50≤60 y

8.1
17.9

60≤70 y
70≤80 y

29.1
29.1

<5 y

56.4

≥80 y
<5 y

11.5
32.4

5≤10 y
10≤20 y

27.4
12.4

5≤10 y
10≤20 y

24.9
28.9

20≤30 y
≥30 y

2.1
1.7

20≤30 y
≥30 y

9.8
4.0

Abbreviations: BP, blood pressure; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus. Data shown are numbers of patients, median with
upper and lower quartiles, or percentages. aAt each of the patient’s visits.

groups, duration of diabetes groups, and presence of
hypertension (Figure 4). Within T1DM patients, ageand duration-adjusted BP amplitude was higher in
women than in men (SBP: 1.27 vs 1.03, DBP: 0.69 vs
0.57, both P<.001). Accordingly, PP amplitude was also
significantly higher in women (0.11 [0.05–0.18],
P<.001). SBP amplitude was highest in patients 50 years
and older. Children and adolescents (younger than
20 years) were more sensitive to seasonal DBP changes
than patients in middle age. Amplitude of SBP was
nearly similar at all durations of diabetes, but DBP
amplitude decreased with increasing duration of diabetes. Patients categorized as hypertensive (BP ≥140/
85 mm Hg for adults, >95th percentile of the German
KiGGS reference values for pediatric patients younger
than 18 years) at none/each of their visits had the
lowest/highest BP amplitude. There were no seasonal BP
phase shifts between sexes, age groups, or duration of
diabetes groups (all P>.05).

than 40, whereas duration of diabetes had no effect on
BP amplitude. Patients with hypertension at some/each
of their visits had significantly higher SBP variation than
patients without hypertension (both P<.001). There
were no significant time shifts in seasonal BP phases
between sexes, age, or duration groups (all P>.05).
As a result of the seasonal variation in BP, the
proportion of patients classified as hypertensive varied
throughout the year. In T1DM patients, hypertension
was least prevalent in July (23.3%) and most prevalent
in February (30.3%). In T2DM patients, the proportion
of hypertension varied between 44.5% in July and
50.3% in March. We additionally examined the proportion of hypertension in summer (June to August) and
winter (December to February) among patients who had
BP values in both seasons. In both types of diabetes,
hypertension was less prevalent in summer than in
winter months (T1DM: 23.5% vs 31.1%, T2DM:
51.7% vs 55.8%).

Subgroup Comparisons in Patients With T2DM
In contrast to T1DM patients, no significant sex
differences in BP amplitudes were observed in T2DM
patients (Figure 4, SBP: P=.223; DBP: P=.988; PP:
P=.109). In order to examine premenopausal and
postmenopausal women separately, we repeated the
analysis stratified by younger than 50 and 50 years and
older. Sex differences remained insignificant in both age
groups. Patients aged 60<70 years had significantly
stronger seasonal variation in both SBP and DBP than
all other age groups (all P<.05) except patients younger

Seasonal Variation in BP and Potentially Related
Factors
From 2003 to 2012, German mean monthly outdoor
temperature was highest in July (18.3°C) and lowest in
January (0.5°C). Mean sunshine duration was longest in
June (223 hours) and shortest in December (43 hours).
Spearman’s rank correlation (Table III) indicated a
strong inverse correlation between monthly aggregated
adjusted BP and outdoor temperature or sunshine
duration (all P<.001). Correlation coefficients were
lowest for DBP in T2DM patients. The aggregated
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values. Nevertheless, correlation coefficients indicated a
strong positive association between respiratory diseases
and BP (all P<.001).
Since German mean temperature may not be fully
representative for all participating diabetes centers, we
ran harmonic regression models (adjusted for age, sex,
and duration of diabetes) in order to compare BP
amplitudes between South-Eastern Germany (continental climate) and North-Western Germany (lower variation in temperature throughout the year due to maritime
influence). Neither SPB nor DBP amplitude differed
significantly between the two regions for both types of
diabetes (SBP difference within T1DM patients: 0.01
[0.06 to 0.08] mm Hg, P=.80; SBP difference within
T2DM patients: 0.15 [0.03 to 0.33] mm Hg, P=.10).

FIGURE 2. Systolic blood pressure (SBP) and SBP time series for
patients with type 1 diabetes (T1D) and type 2 diabetes (T2D).
Monthly aggregated SBP (solid line) and diastolic blood pressure
(DBP) values (dashed line), adjusted for age, sex, and duration of
diabetes in (A) T1D patients (A) and T2D patients (B). Years 2003–
2012. Note the different axis scales.

index of consultations because of acute respiratory
diseases was highest in February and lowest in July, with
some years having a second or third period with high

Patients Taking Antihypertensive Medication
Those 5120 patients with T1DM and 72,032 patients
with T2DM that were excluded in the previous analyses
for taking antihypertensive medication (Figure 1) were
analyzed using separate harmonic regression models,
adjusted for age, sex, and duration of diabetes. In
T1DM, patients with antihypertensive medication had
an estimated overall SBP amplitude of 0.98 (0.64–1.32)
mm Hg (P<.001). DBP amplitude was estimated to be
0.47 (0.27–0.68) mm Hg (P<.001). In T2DM patients
taking antihypertensive medication, SBP amplitude was
0.84 (0.71–0.98) mm Hg and DBP amplitude was 0.27
(0.19–0.34) mm Hg (both P<.001),

DISCUSSION
In this large observational study based on more than
160,000 patients, BP varied seasonally in both T1DM
and T2DM patients, with higher values in winter
months and lower values in summer months. Our
findings are in line with results from Liang and

FIGURE 3. Seasonal pattern in systolic blood pressure (SBP) and diastolic blood pressure (DBP), estimated by harmonic regression models
(adjusted for sex, age, and duration of diabetes). SBP in type 1 diabetes (T1D): solid black line; SBP in type 2 diabetes (T2D): short dashed line;
DBP in T1D: dash dotted line; DBP in T2D: long dashed line; outdoor temperature: solid grey line. Reference line (grey dashed line) indicates no
seasonal variation.
The Journal of Clinical Hypertension
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TABLE II. Estimated SBP and DBP Amplitudes
T1DM

DBP

PP

Difference T1DM vs T2DM

P Value

Amplitude

P Value

Amplitude

1.14 (1.11–1.18)

<.001

1.24 (1.17–1.31)

<.001

0.10 (0.18 to 0.02)

.011

1.26 (1.20–1.31)
1.02 (0.97–1.07)

<.001
<.001

1.18 (1.08–1.28)
1.31 (1.21–1.41)

<.001
<.001

0.08 (0.03 to 0.19)
0.29 (0.40 to 0.18)

.162
<.001

Overalla
Femaleb

0.62 (0.60–0.65)
0.68 (0.65–0.72)

<.001
<.001

0.32 (0.27–0.37)
0.32 (0.25–0.39]

<.001
<.001

Maleb
Overalla

0.57 (0.53–0.60)
0.52 (0.49–0.56)

<.001
<.001

0.33 (0.26–0.39)
0.94 (0.88–1.00)

<.001
<.001

0.24 (0.17 to 0.32)
0.42 (0.49 to 0.35)

<.001
<.001

Femaleb
Maleb

0.58 (0.53–0.63)
0.47 (0.42–0.52)

<.001
<.001

0.87 (0.78–0.96)
1.01 (0.92–1.10)

<.001
<.001

0.29 (0.40 to 0.19)
0.54 (0.64 to 0.44)

<.001
<.001

Amplitude
SBP

T2DM

a

Femaleb
Maleb

Overall

P Value

<.001
<.001

0.30 (0.25 to 0.36)
0.37 (0.29 to 0.45)

Abbreviations: DBP, diastolic blood pressure; PP, pulse pressure; SBP, systolic blood pressure; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes
mellitus. Amplitudes estimated by harmonic regression model based on blood pressure (BP) values adjusted for long-term trends (year of
measurement). Overall summer-winter difference is twice the amplitude. aAdjusted for age, sex, and duration of diabetes. bAdjusted for age and duration
of diabetes.

FIGURE 4. Seasonal pattern in systolic blood pressure (SBP) and diastolic blood pressure (DBP) by subgroup. SBP amplitudes with 95%
confidence interval for type 1 diabetes (T1D) and type 2 diabetes (T2D), adjusted for sex and/or age and/or duration of diabetes. Overall
summer-winter changes are twice the amplitudes.

TABLE III. Spearman Correlations Between BP and Potentially Influencing Factors
T1DM

T2DM

SBP

DBP

SBP

DBP

Outdoor temperature, °C

0.875 (0.911 to 0.825)

0.864 (0.903 to 0.810)

0.802 (0.858 to 0.727)

0.476 (0.603 to 0.324)

Sunshine duration, h
Index of consultationsa

0.792 (0.851 to 0.715)
0.849 (0.745–0.913)

0.800 (0.857 to 0.725)
0.792 (0.656–0.879)

0.658 (0.749 to 0.543)
0.726 (0.556–0.837)

0.499 (0.623 to 0.352)
0.411 (0.143–0.622)

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus. aDue to
acute respiratory disorders. All P<.001. Correlations are based on monthly aggregated blood pressure (BP) values, adjusted for year of observation, age,
sex, and duration of diabetes.

colleagues,15 who analyzed seasonal variation in BP in a
Taiwanese T2DM cohort with a mean age of
66.7 years. They found that both SBP and DBP were
inversely correlated with the average monthly outdoor
6
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temperature, resulting in higher BP values in winter. In
contrast, Wada and colleagues14 observed seasonal
variation in SBP but not DBP in 430 Japanese patients
with T2DM and early nephropathy (mean age
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64.8 years). However, their negative finding could be
due to the smaller sample size and the different
methodical approach: They divided 1 year into four
seasons instead of 12 months. In fact, we also observed
weaker seasonality and more irregular fluctuation for
DBP than for SBP in T2DM patients.
Interestingly, we observed no sex differences in
T2DM, whereas seasonality was stronger in women
than in men with T1DM. Sex differences in BP
seasonality still seem controversial. Some recent studies
based on various cohorts have observed no significant
sex effect,6,12 whereas others have reported either higher
BP changes in men7 or in women,11,25,26 or sex effects
depending on age.27 In pubertal girls, higher insulin
resistance caused by increased estrogen levels might be a
risk factor for arterial stiffness and therefore explain sex
differences in BP seasonality in T1DM. However, in
T2DM patients, stratification by premenopausal and
postmenopausal women did not alter our results.
Moreover, in contrast to other studies,3,13,25 advancing
age was not clearly associated with higher summerwinter differences of BP. Children and adolescents with
T1DM as well as T2DM patients aged 60<70 years
were more sensitive to BP changes than expected when
assuming a monotonically increasing association. The
latter finding is in line with an Israeli study in elderly
patients with hypertension that observed stronger BP
seasonality in patients 65 to 75 years compared with
older patients.6 The former finding may be explained by
the fact that most studies are limited to either children
and adolescents or to adults, and therefore inhibit a
comparison in a wider age range. Patients categorized as
hypertensive had higher BP variation than normotensive
patients.
Additional analyses indicated that both T1DM and
T2DM patients taking antihypertensive medication
have lower BP variation throughout the year than
patients not taking antihypertensive medication. It
could be supposed that patients taking antihypertensives
have better control of their BP and slightly adjust their
medication throughout the year and therefore have
lower seasonal BP variation.
Potential Reasons for BP Seasonality
Estimated overall SBP/DBP changes from summer to
winter were 2.28/1.24 mm Hg in T1DM patients and
2.48/0.64 mm Hg in T2DM patients, at differences in a
mean outdoor temperature of approximately 18°C.
These changes were lower than those reported in
Japanese (approximately 25°C yearly temperature differences),28–30 Taiwanese (subtropical monsoon climate,15 Chinese (various temperate zones),13 and Iraqi
(hot summer season)31 adult study cohorts, but comparable to results observed in studies with similar climatic
conditions.4,10,26 A German study in both healthy and
sick children and adolescents aged 3 to 21 years
reported an SBP decrease of 0.12 mm Hg with each
1°C increase in outdoor temperature,10 which corresponds to our estimation. It was previously proposed

that, paradoxically, seasonal BP differences are lower in
countries with cold winters than in countries with mild
winters,32 possibly attributable to better thermal efficiency standards leading to more constant indoor
temperature.33 It is still under discussion to what extent
indoor and outdoor temperature affects BP.32,34
Nevertheless, BP seasonality is likely to be a complex
phenomenon, with various factors influencing summer
to winter changes. Several studies have suggested that
seasonal BP changes could be modulated by changes in
the serum/blood concentration of 25-hydroxyvitamin
D3, since the shorter duration of sunshine in winter
months may cause a deficiency in vitamin D.35 In our
study, we found strong inverse correlations between BP
and hours of sunlight. However, patients likely spend
plenty of time indoors. Therefore, sunshine duration
should be considered as a parametric measure of
environmental seasonality rather than a measure of the
exposure of patients to sunlight alone. Our analyses
suggested that the seasonal pattern of BP was not
simultaneous with the prevalence of acute respiratory
infections, indicating that BP seasonality is likely to be
affected by further physiologic markers as well as by
lifestyle and environmental factors. A large Austrian
study revealed decreased body mass index, total cholesterol, and triglyceride levels in summer months compared with winter months in different age groups, both
for men and women.27 Holiday season, increased
physical activity, and decreased dietary fat intake could
contribute to lower BP values in summer as well.36,37
Choi and colleagues38 observed a seasonal variation for
the association between ambient air pollution and BP.
Our observation of amplitude and phase shift differences between type of diabetes, sex, or age groups
suggest that the reasons for BP seasonality differ
between those groups.
Clinical Relevance
The randomized controlled Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) trial39
investigating the effect of BP-lowering therapy in
T2DM patients (mean baseline age 66 years) found an
average SBP/DBP lowering of 5.6/2.2 mm Hg over the
duration of follow-up (mean 4.3 years). The seasonal
SBP/DBP differences we observed in patients with
T2DM were about one half to one third of the BP
intervention effect observed in the ADVANCE study.
Moreover, the percentage of patients classified as
hypertensive (BP >140/85 mm Hg) varied throughout
the year. Therefore, BP seasonality should be considered
when antihypertensive medication is adjusted, particularly in high-risk patients and in countries that exhibit
high summer to winter BP changes.40 Knowledge of BP
seasonality in addition to accurate BP measurement and
avoidance of terminal digit preference reduces misdiagnoses and prevents unnecessary costs as well as potential
consequences of untreated hypertension.41 Patients
should be trained in self-monitoring of BP and in
The Journal of Clinical Hypertension
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talking with their physician about adjusting the dose of
their medication to achieve target BP values.42 Furthermore, BP differences throughout the year should be
taken into account when conducting clinical trials.
Strengths and Limitations of the Study
Studies focusing on BP seasonality in diabetic patients
are rare. Our study included both T1DM and T2DM
patients and contrasted seasonal patterns of both types
of diabetes. The large sample size permitted the analysis
of monthly data instead of four seasons. In addition, age
and sex subgroup comparisons could be performed.
However, we acknowledge some limitations of our
study. Although adherence to guidelines is mandatory
for reimbursement in Germany, BP measurements are
likely to have varied between patients. We have no
information about the exact time of day BP was
measured, and whether the measurement was taken by
a nurse, a technician, or a physician. Furthermore, we
considered only German mean temperature and duration of sunshine rather than patient-level data. These
may not fully represent all participating diabetes centers
and patients. Nevertheless, climatic distinctions within
Germany are rather small and therefore unlikely to
significantly change results. While many pediatric
T1DM patients were continuously documented over
several years, patients with T2DM more often had
shorter observation times and therefore lower numbers
of BP measurements. Thus, the patient composition
regarding sex, age, and duration of diabetes varied
slightly over the 10-year period studied. We addressed
this issue by adjustments. In addition to amplitudes, we
reported BP phases as calendar dates to further examine
differences in seasonal patterns. However, especially in
T1DM patients, BP time series exhibit dents in January
or February, which could not be modelled or explained
by ambient temperature, sunshine duration, or acute
respiratory infections.

CONCLUSIONS

3.
4.
5.
6.

7.

8.
9.
10.
11.
12.

13.

14.
15.
16.

17.

18.

We found clear BP seasonality in both T1DM and
T2DM patients. The range of seasonal changes varied
among age groups in both types of diabetes, while sex
differences were observed in T1DM only.
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