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Abstract: We investigated whether persons with dementia (PwD) are at particular risk of mortality
when exposed to extreme temperatures and whether the temperature effect depends on long-term care
(LTC) need and residency. German health claims data provide information on inpatient and outpatient
sectors. Data from the German Meteorological Service were merged, and measures of immediate
and delayed heat, cold, and normal temperature (Heat Index, Wind Chill Temperature Index) were
calculated. Cox models were applied to explore the interaction of temperature, dementia, and LTC,
as well as residency. Immediate and delayed effects of heat and cold were tested as compared
to normal temperatures. Models were adjusted for age, sex, comorbidities, urban/rural living,
and summer/winter climate zones. The 182,384 persons aged ≥65 contributed 1,084,111 person-years
and 49,040 deaths between 2004 and 2010. At normal temperatures, PwD had a 37% (p-value < 0.001)
increased mortality risk compared to persons without dementia (PwoD). Immediate heat effects further
increased this effect by 11% (p = 0.031); no immediate heat effect existed for PwoD. The immediate
heat effect was even greater for PwD suffering from severe or extreme physical impairment and for
those living in private households and nursing homes. Immediate and delayed cold effects increased
mortality independent of dementia. Care level and type of residency did not modify this effect among
PwD. PwD revealed an increased vulnerability to immediate heat effects. Cold waves were risk
factors for both groups. LTC need appeared to be an important intervening factor.

Keywords: extreme temperatures; mortality with dementia; interaction effects; residency; long-term care;
health claims data

1. Introduction

Extreme weather conditions affect health and mortality. The association of ambient temperature
and mortality follows a V-, J-, or U-shaped distribution, with lowest death rates during periods of 20 to
25 ◦C and higher death rates below or above these temperatures [1]. Heatwaves significantly affect
death tolls [2,3] and admission rates related to specific causes, such as fluid and electrolyte disorders,
renal failure, septicemia, heat stroke [2], and unintentional injuries [4]. Ambient heat exposures are
positively associated with mortality [1]. Likewise, cold temperatures are associated with an increase
in hospital admissions [5] and the number of total and cause-specific deaths, such as cardiovascular,
respiratory, and cerebrovascular deaths [6]. The elderly, infants, persons of low socioeconomic status,
as well as persons with impaired health or limited mobility, suffer from increased risk of morbidity
and death induced by extreme weather [7]. Therefore, people with cognitive constraints and dementia
may be at particular risk. Among the elderly, dementia is one of the most common syndromes and
is associated with increased mortality and decreased life expectancy [8]. An estimated 44.35 million
people worldwide, 11 million in Europe [9], and 1.4 million people in Germany currently suffer from
dementia [10]. The literature on the association between weather conditions and morbidity and
mortality of persons with dementia (PwD) is scarce. Studies have found increased risks of hospital
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admissions and death among persons with mental illness and dementia during hot weather [11,12].
A higher number of deaths was found in the winter than in the non-winter months among those with
dementia and Alzheimer’s disease as the cause of death in England and Wales [13]. Following causal
chain models, the increased mortality of PwD is the effect of biomedical reactions to extreme outdoor
temperatures. The effects are likely moderated by socioeconomic and behavioral aspects, such as the
type of housing, exposure to outdoor temperatures, the ability to dress appropriately, air pollution,
and others [14,15]. The human ability and efficacy to tolerate extreme heat and cold stress are affected by
impaired cognition, inadequate shelter and clothing, immobility, body weight, illness, medication, age,
and sex [14–16]. Elderly and PwD often suffer from diseases such as cardiovascular and cerebrovascular
diseases [17] which are aggravated during periods of extreme ambient temperatures.

The purpose of this study was to explore how exposure to apparent temperatures affects the
mortality of PwD in Germany. In addition, the question of whether living in private households or
nursing homes and receiving long-term care are potential intervening factors was examined.

Positive findings in terms of increased mortality during extreme temperatures and a potential
impact of the intervening factors would have large health, social, and political implications. To our
knowledge, this is the first study to investigate the effects of extreme cold and heat on mortality in
a population-based sample of PwD that includes those in nursing homes and with information on
long-term care needs.

2. Materials and Methods

About one-third of the German population is insured through the “Allgemeine Ortskrankenkasse”
(AOK), and this proportion increases with age [10]. A random sample of 250,000 insured persons born
in or prior to 1954, who had at least one day of insurance coverage by the AOK in the first quarter
of 2004, was drawn by the scientific institute of the AOK (WIdO). A unique person-identifier code
enabled us to follow persons quarterly between 2004 and 2010. The data included complete records
of the inpatient and outpatient treatments. Persons with inconsistent or missing information on sex
or on dates of birth and death were excluded, giving us a study sample of 182,384 persons aged 65
and above.

Meteorological data stemmed from the “Deutscher Wetterdienst” (DWD, http://www.dwd.de/)
and contained information on daily mean air temperature, relative humidity, and wind velocity from
80 weather stations across Germany. The location of the stations was assigned according to the
two-digit postal code region. We computed mean values within each postal code region with more
than one weather station. Missing values on a specific date in a specific region occurred if no station
existed or if a station existed but no values could be recorded on that day in that region. Missing values
were then replaced by computing mean values of the indicator in the surrounding regions.

Health claims data were expanded from a quarterly to a daily format and were then linked to the
meteorological data via date and postal code.

The outcome of interest in this study was the transition to death, which was measured according
to the date of death in the claims data.

Dementia was defined according to the International Classification of Diseases, 10th Revision,
(ICD-10) codes: G30, G31.0, G31.82, G23.1, F00, F01, F02, F03, and F05.1. To avoid a potential
overestimation of the true number of cases, we applied a validation procedure. Firstly, we considered
only those diagnoses from the outpatient sector flagged as “verified” and from the inpatient sector
those flagged as “discharge” or “secondary” diagnoses. Secondly, diagnoses were considered valid
if they occurred simultaneously in the inpatient and outpatient sectors, or if at least two physicians
(general practitioners, neurologists/psychiatrists, or other specialists) made a diagnosis of dementia in
the same quarter. Dementia diagnoses were also confirmed by co-occurrence over time. If the patient
died in the quarter with the first dementia diagnosis, the diagnosis was considered valid even though
the initial diagnosis could not be confirmed by a second diagnosis (see [18] for details).

http://www.dwd.de/
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We used the Heat Index for temperatures >20 ◦C [19] and the Wind Chill Temperature Index
for temperatures <10 ◦C [20] to indicate particularly high (≥27 ◦C), low (≤0 ◦C), or normal apparent
temperatures. We explored the potential immediate and delayed effects of extreme temperatures.
Immediate effects referred to the current and past three days (0–3) and whether there was at least one
extreme hot or cold day. Delayed effects referred to the period of 4–7 days before the current day and
whether there was at least one extreme hot or cold day.

We controlled for residency, that is, living in a private household versus a nursing home, and for
long-term care quantified by the level of care as defined by the German Law (§ 15 SGB XI). Individuals
are entitled to the benefits or services covered by the German statutory long-term care insurance if they
pass an assessment mainly based on impairments in activities of daily living (ADL). They are assigned
to one of three care levels (considerable need for care = level 1, severe need for care = 2, and extreme
need for care = 3).

We included a series of comorbidities: diabetes mellitus (ICD-10 codes E10–E14); hypertension
(I10–I13, I15); hypercholesterolemia (E78.0); cerebrovascular disease (I60–I69, G45–G46, H34.0); cancer
(all C codes); diseases of the heart (I43, I50, I099, I110, I130, I132, I255, I420, I425–I429, P290); chronic
lung diseases (J4, J60–J61, I278, I279, J684, J701, J703); rheumatism (M05–M06, M315, M351, M353,
M360); paralysis (G81, G82, G041, G114, G801, G082, G830–G839); injuries to the lower extremities
(S7–S9, T003, T006, T013, T016, T023, T025-T026, T033-T034, T043–T044, T053–T056, T12–T13, T24–T25,
T336–T338, T346–T348, T355, T871); and blindness (H54). All medical diagnoses indicated whether a
certain disease was observed at least once starting in 2004 and if remained from that point onwards
until the end of observation. Thus, these comorbidities could be interpreted as the effect of having ever
experienced the respective condition since the beginning of 2004. A variable in the model indicated
the number of diagnoses a person received during the observation period. To identify those living
in urban areas we referred to postal codes related to cities with ≥100,000 inhabitants. We adjusted
for regional climatic differences within Germany by introducing two variables. The first variable
defined regions according to the lowest two-day mean air-temperature values reached 10 times over
the last 20 years (regions 1–4 with −10, −12, −14, and −16 ◦C, respectively). Another variable indicated
summer climate zones according to monthly mean temperatures (summer cool: ≤16.5 ◦C, temperate:
16.5–18 ◦C, summer hot ≥ 18 ◦C). Demographic information contained sex and age.

Methods of survival analysis were conducted to analyze the risk of mortality. The observation
period started on January 1, 2004, and the calendar time of the period 2004–2010 was used as the
underlying process time. We presented mortality rates and applied Cox models to explore the effect of
apparent temperature on mortality. Immediate and delayed effects of heat and cold were tested to
immediate and delayed effects of normal temperatures, respectively. We then explored the interaction
between dementia, the potentially intervening factors, and the temperature variables. All models
were adjusted for sex and time-dependent information on age, urban living, summer and winter
climate zones, and comorbidities as potential confounders. Individuals were followed up until death,
withdrawal from the insurance, loss to follow-up, or through December 31, 2010.

3. Results

The 182,384 persons contributed 1,084,111 person-years and 49,040 cases of death during the
period from 2004 to 2010 (Table 1). The overall mortality rate (MR), displayed as death cases per
1000 person-years, was 45.24 (95% confidence interval CI = 44.84–45.64). With regard to immediate
temperature effects, mortality rate was highest on extremely cold days (MR = 48.48, CI = 47.77–49.20),
compared to days with normal (MR = 43.52, CI = 43.01–44.04) and high temperatures (MR = 43.93,
CI = 42.47–45.45). Rates related to delayed temperature effects revealed similar results. The rate
for PwD (MR = 192.12, CI = 189.52–194.76) exceeded the rate for persons without dementia (PwoD;
MR = 29.04, CI = 28.70–29.38). Those living in nursing homes had higher rates than those in private
households (MR = 280.78 vs. MR = 34.82). Mortality rates increased with higher care levels and were
highest in care level 3 with MR = 488.12 (CI = 478.07–498.61).
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Table 1. Mortality rates by immediate and delayed temperature effects, dementia, residency, and
care level.

Variable Category Exposures # Deaths Mortality Rate * LCI UCI

Immediate temperature effects Normal 639,788.64 27,845 43.52 43.01 44.04
Cold 368,254.12 17,853 48.48 47.77 49.20
Heat 76,068.30 3342 43.93 42.47 45.45

Delayed temperature effects Normal 641,531.76 27,913 43.51 43.00 44.02
Cold 366,687.05 17,943 48.93 48.22 49.65
Heat 75,892.26 3184 41.95 40.52 43.44

Dementia Without dementia 976,448.74 28,356 29.04 28.70 29.38
With dementia 107,662.32 20,684 192.12 189.52 194.76

Residency Private household 1,038,202.70 36,150 34.82 34.46 35.18
Nursing home 45,908.40 12,890 280.78 275.97 285.67

Care level No care level 941,155.50 16,761 17.81 17.54 18.08
Care level 1 73,505.43 8546 116.26 113.82 118.75
Care level 2 51,667.52 15,051 291.30 286.69 296.00
Care level 3 17,782.61 8682 488.23 478.07 498.61

Total 1,084,111.10 49,040 45.24 44.84 45.64

Data source: Claims data “Allgemeine Ortskrankenkasse” (AOK) 2004–2010, “Deutscher Wetterdienst” (DWD)
data 2004–2010; N = 182,384; # in person-years; * mortality rate per 1000 person-years; LCI: 95% lower confidence
interval, UCI: 95% upper confidence interval.

According to the hazard ratios (HR) from Cox regression models, at normal temperatures,
PwD faced a 37% (p-value < 0.001) increased mortality risk compared with PwoD after controlling for
all the covariates included in the model. Immediate heat effects further increased this effect by 11%
(HR = 1.37 × 1.11 = 1.52). The immediate (HR = 1.05, p = 0.011) and delayed (HR = 1.08, p < 0.001)
increase in mortality associated with cold temperatures seemed to be independent of dementia.
Regarding residency, persons living in nursing homes revealed a mortality risk increased by 10%
(HR = 1.10, p < 0.001) compared to persons in private households. The mortality risk was increased
among persons with care levels compared to persons without (HR = 3.25, p < 0.001; HR = 7.31, p < 0.001;
HR = 12.72, p < 0.001, for care levels 1–3, respectively) (Table 2).

Regarding the interactions between temperature, dementia, and care level, we found significantly
increased mortality at normal temperatures among PwoD with a care level and among PwD without
and with a care level compared to PwoD without a care level (results not shown). Immediate heat
effects further increased the effects by 14% among PwD with care level 2 (HR = 1.14, p = 0.037) and
by 19% among PwD with care level 3 (HR = 1.19, p = 0.012). This underlines the importance of
physical disability in the association between apparent temperature and mortality with dementia.
Among PwoD, we found a similar effect for those with care level 3 (HR = 1.18, p = 0.084) (Figure 1).
Delayed cold effects increased the mortality for PwoD who had no care level (HR = 1.16, p < 0.001).
In association with delayed cold effects, being assigned to a care level had protective effects for PwoD
(HR = 0.87, p = 0.011, and HR = 0.90, p = 0.098, for care levels 1 and 3, respectively), but not for PwD
(Figure 2). No significant interaction occurred for immediate cold and delayed heat effects.

Regarding the interaction between temperature, dementia, and residency, at normal temperatures,
PwoD in nursing homes, as well as those with dementia in private households and nursing homes,
revealed increased mortality risks compared to PwoD in private households (results not shown).
Immediate heat effects further increased the risks of PwD in private households (HR = 1.13, p = 0.025)
and nursing homes (HR = 1.11, p = 0.073). PwoD in nursing homes tended to have increased mortality
risks associated with immediate heat effects, although this was not statistically significant (HR = 1.14,
p = 0.139) (Figure 3). Among PwoD in private households, we found an increase in mortality by 12%
associated with delayed cold effects (HR = 1.12, p < 0.001). At the same time, delayed cold effects
decreased the effect among PwoD in nursing homes by 12% (HR = 0.88, p = 0.054). No significant
delayed cold effects appeared among PwD, neither in private households nor in nursing homes
(Figure 4). No significant interaction occurred for immediate cold and delayed heat effects.
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Table 2. Hazard ratios of mortality: the interaction between immediate and delayed temperature effects
and dementia.

Variable Category Hazard Ratio p

Dementia Without dementia 1
With dementia 1.37 <0.001

Temperature: main effects

Pw
oD

Immediate temperature Normal 1
Cold 1.05 0.011
Heat 0.98 0.521

Delayed temperature Normal 1
Cold 1.08 <0.001
Heat 0.95 0.052

Temperature: Interaction effects

Pw
D

Immediate temperature effects, Dementia Normal, Without dementia 1
Cold, With dementia 0.98 0.497
Heat, With dementia 1.11 0.011

Delayed temperature effects, Dementia Normal, Without dementia 1
Cold, With dementia 1.05 0.115
Heat, With dementia 0.98 0.595

Age 1.06 <0.001
Age × Age 1.00 <0.001

Sex Male 1
Female 0.56 <0.001

Residency Private household 1
Nursing home 1.10 <0.001

Care level No care level 1
Care level 1 3.25 <0.001
Care level 2 7.31 <0.001
Care level 3 12.72 <0.001

Comorbidities 0 1
1 1.16 <0.001
2 1.47 <0.001
3 1.91 <0.001
4 2.46 <0.001
5 3.02 <0.001
6 3.34 <0.001
≥7 6.75 <0.001

Urban living No 1
Yes 1.03 0.002

Climate zone, winter 1 (−10 ◦C) 1
2 (−12 ◦C) 0.94 <0.001
3 (−14 ◦C) 0.89 <0.001
4 (−16 ◦C) 0.84 <0.001

Climate zone, summer 1 (≤16.5 ◦C) 1
2 (16.5–18 ◦C) 1.00 0.926

3 (≥18 ◦C) 0.99 0.543

Data source: Claims data AOK 2004–2010, DWD data 2004–2010; N = 182,384; PwD = Persons with dementia,
PwoD = Persons without dementia.
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Figure 1. Immediate heat effect on mortality (hazard ratio) in comparison to immediate normal
temperatures among persons with and without dementia by care level. Data source: Claims data AOK
2004–2010, DWD data 2004–2010; N = 182,384; adjusted for age, sex, residency, comorbidities, urban
living, winter and summer climate zones, and interaction between dementia, care level, and delayed
temperature effects; immediate cold effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1.

Sustainability 2020, 12  6  of  12 

 

Figure  1.  Immediate  heat  effect  on mortality  (hazard  ratio)  in  comparison  to  immediate  normal 

temperatures among persons with and without dementia by care level. Data source: Claims data AOK 

2004–2010, DWD data 2004–2010; N = 182,384; adjusted for age, sex, residency, comorbidities, urban 

living, winter and summer climate zones, and interaction between dementia, care level, and delayed 

temperature effects; immediate cold effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1. 

 

Figure  2.  Delayed  cold  effect  on  mortality  (hazard  ratio)  in  comparison  to  delayed  normal 

temperature effects among persons with and without dementia by care  level. Data source: Claims 

data  AOK  2004–2010,  DWD  data  2004–2010;  N  =  182,384;  adjusted  for  age,  sex,  residency, 
comorbidities, urban  living, winter and summer climate zones, and  interaction between dementia, 

care level, and immediate temperature effects; delayed heat effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, 

* p ≤ 0.1. 

Figure 2. Delayed cold effect on mortality (hazard ratio) in comparison to delayed normal temperature
effects among persons with and without dementia by care level. Data source: Claims data AOK
2004–2010, DWD data 2004–2010; N = 182,384; adjusted for age, sex, residency, comorbidities, urban
living, winter and summer climate zones, and interaction between dementia, care level, and immediate
temperature effects; delayed heat effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1.
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Figure 3. Immediate heat effect on mortality (hazard ratio) in comparison to immediate normal
temperatures among persons with and without dementia by residency. Data source: Claims data AOK
2004–2010, DWD data 2004–2010; N = 182,384; adjusted for age, sex, care level, comorbidities, urban
living, winter and summer climate zones, and interaction between dementia, residency, and delayed
temperature effects; immediate cold effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1.
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Figure 4. Delayed cold effect on mortality (hazard ratio) in comparison to delayed normal temperature
effects among persons with and without dementia by residency. Data source: Claims data AOK
2004–2010, DWD data 2004–2010; N = 182,384; adjusted for age, sex, care level, comorbidities,
urban living, winter and summer climate zones, and interaction between dementia, nursing home,
and immediate temperature effects; delayed heat effect not shown; *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1.
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4. Discussion

Based on large, longitudinal health claims data, we found that apparent temperature significantly
increased the mortality of PwD. Their mortality rose as an immediate response to hot temperatures,
which is not the case for PwoD. Increased mortality associated with immediate and delayed effects of
cold temperatures was independent of dementia.

Other studies found acute effects of heat waves and hot temperatures on morbidity and mortality
among people with mental disorders. Page et al. [11] explored temperature-related deaths in people
with dementia and other mental illnesses in primary care patients living in the UK. They found an
elevated risk of dying of 4.9% (95% CI = 2.0–7.8) per 1 ◦C-increase in temperature above the 93rd
percentile of the annual temperature distribution. Among other studies that used dementia as the cause
of death based on death certificates, Conti et al. [12] studied the effect of the extraordinary European
heat wave of 2003 on cause-specific mortality in Genoa, Italy. They found an excess in mortality with
dementia among persons aged 75 + as compared to the summer of 2002. A study analyzing the change
in mortality rates among nursing home residents during the 2003 heat wave in France found that
less frail patients contributed most to excess mortality. The authors concluded that medical care in
terms of maintaining hydration and refreshment was primarily directed to more dependent persons,
including those with dementia, to avoid complications [21]. Thus, it seems reasonable not to lose focus
on less frail persons, while still taking care of physiologically and mentally more vulnerable persons.

The current results revealed a delayed mortality increase associated with cold temperature that
was somewhat larger than the immediate increase. This finding was consistent with the results of a
Dutch study [22] in which the cold temperature at the lag-periods 3–6 and 7–14 days had larger effects
on mortality compared to cold temperatures at the lag-period 1–2 days. Additional findings in this
study suggested that a portion of cold-related mortality resulted from the indirect effect of an increased
incidence of influenza or influenza-like conditions. However, more recent research revealed that while
influenza is most prevalent during winter seasons, its influence on cold-related mortality seems to be
overestimated in many studies [14,23]. By contrast, cardiovascular, cerebrovascular, and respiratory
diseases are of particular importance when explaining mortality peaks in winter seasons (see [14] for an
overview). Influenza and pneumonia [24], circulatory diseases [17], as well as respiratory diseases [25]
are frequent diseases and causes of death among PwD. We were not able to disentangle the temporal
link between the occurrence or aggravation of such diseases during extreme weather conditions and
death in the claims data. Information about diseases are provided on a quarterly basis and claims data
do not include information on the cause of death. In addition, influenza is known to be underreported
in claims data [26].

The increased immediate heat-related mortality and the inverse association for delayed heat-related
mortality among PwD were, again, consistent with the Dutch study. The significant immediate
effect indicated stronger direct effects of exposure of the human body to hot temperatures rather
than influenza-like conditions or season [22]. The results of our study also suggested an effect of
“mortality displacement” (or “harvesting”). This phenomenon describes the fact that death rates
are increased during periods of extreme temperatures and are lower than expected shortly after
these periods [27]. Mortality displacement depends on the population at risk with its baseline health
status and socio-demographic characteristics [28] and may occur among people whose health status is
already compromised and who will die shortly thereafter, even in the absence of exposure to extreme
temperatures [29]. The effect is pronounced in heat periods [27,29] but not during cold spells [6,27].
PwD in our study had higher vulnerability compared to PwoD, which may have led to an increased
mortality associated with immediate heat effects and to decreased mortality rates thereafter.

In our study, the level of care was included to quantify the long-term care need of the elderly.
The assessment to define this care level was based on impairments in activities of daily living which are
known to increase the risk of mortality [30]. We found increased risks among PwD with a long-term
care need associated with heat exposure, stressing the increased vulnerability of elderly suffering
from both physical and cognitive disabilities. Dementia is a risk factor for dehydration, which itself is
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known to be associated with high mortality rates [31]. Elderly people, particularly PwD, appear to be
unable to effectively implement adaptive behaviors, such as drinking more fluids during hot days,
or they are not able to express discomfort to their care givers [12,32]. The pattern is less clear among
PwoD; only those with the highest grade of ADL dependency face larger mortality risks associated
with hot temperatures. Studies of the 2003 heat wave in Europe revealed that higher co-morbidity and
disability were independently related to death [33] and that the relative risk of mortality increased
with the level of dependency [34].

Long-term care appeared to be protective for PwoD who experienced cold temperatures 4–7 days
earlier. Long-term care implies regular supervision by professional caring staff. Adverse delayed
effects of very low temperatures, such as respiratory diseases, can be recognized and treated. There
was no protective effect among PwD and need of long-term care. This was most likely due to the
higher vulnerability of PwD or to the lack of care and supervision.

The immediate heat effect was associated with increased mortality among PwD regardless of
their residency. Although statistically not significant, PwoD in nursing homes tended to have higher
mortality risks associated with immediate heat effects compared to PwoD in private households.
This could be the result of the higher vulnerability of the institutionalized population or to poor
air conditioning. Information on the equipment of private dwellings and nursing homes with air
conditioning in Germany is scarce. As Germany is located in a temperate-climate zone, only 1–2% of
German dwellings are air-conditioned [35]. While studies have shown that air conditioning appeared
to be effective in reducing heat-related mortality [36,37], air conditioning is also associated with
environmental, organizational, socioeconomical, biophysical, and behavioral challenges [38]. The latter
study discussed alternative solutions to air conditioning, such as climate-sensitive urban planning and
building design, alternative cooling technologies, and climate-sensitive attitudes and behaviors.

The protective effect of residency among the PwoD who experienced delayed cold effects could be
interpreted either as the benefit of caring and supervision within institutions and appropriate heating,
or as a selection effect because of the reduced exposure to outdoor temperatures. We did not find such a
protective effect among PwD. This may be due to the higher vulnerability; on the other hand, there may
be the scope of improving care and medical control of PwD during very cold periods. Contrary to this,
Hajat et al. [39] found that extreme temperature effects in elderly deaths were stronger in nursing and
care homes compared to deaths in private households. When restricting the analyses to persons aged
85 +, mortality differentials remained for heat exposure but disappeared for cold. This study did not
take dementia into account.

We found similar overall patterns in separate models for men and women (results not shown).
This is in line with several studies on cold-related mortality [6,14,39,40]. Research evidence for the
influence of sex during heat is inconsistent. This is likely caused by the interaction of sex and social
factors, including, among others, marital status, level of social isolation, or physical activeness (see
review by Kovats and Hajat [15]). Such interaction effects would be an interesting field for further
studies, however, social aspects are not included in claims data (see below).

We have to consider potential limitations associated with this data. AOK data display only a
part of the German population, resulting in a lack of representativeness. However, the comparison of
mortality patterns among the AOK and the German population indicates only marginal differences [41].
AOK insurees have a lower socioeconomic status compared to people insured in other public health
insurance companies and privately insured persons, but this is largely among younger people [42,43].
Changes in the social status composition of the insured population were negligible in the time
period studied here. Health claims data are a secondary data source; their main purposes being cost
reimbursement and cost calculation, and this leads to three issues. Firstly, many important aspects
which may have an intervening effect on the association between temperature and mortality are
not relevant for cost reimbursement and are thus not collected. This includes information on air
pollution, air quality, whether a person is living alone or not, leaving the home daily, social isolation,
low socioeconomic status, poor housing conditions, and lack of air conditioning. Secondly, only those
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diagnoses leading to treatment are relevant for the purposes of cost calculation. Thus, a patient’s
cognitive impairment might not be documented if no further treatment is given. This could be
particularly true for the mild cases of dementia and cognitive impairment. The incident dementia
diagnosis will certainly be biased to higher ages when the symptoms of the syndrome become
more obvious [44]. Further studies that allow assessing cognitive abilities should also explore the
consequences of extreme temperature on persons with mild cognitive impairment in addition to PwD.
Thirdly, we used a combined indicator for dementia using a series of specific dementia diagnoses.
It could be useful to investigate specific diagnoses such as vascular dementia; however, different
subtypes of dementia cannot be meaningfully distinguished. According to epidemiological studies,
Alzheimer’s disease is the most and vascular dementia is the second-most prevalent causes of dementia.
In the AOK data, only 27% of dementia cases were diagnoses of Alzheimer’s disease, but 45-50% of the
dementia diagnoses were of unspecified dementia [10]. Dementia diagnoses in medical claims data are
neither specific nor standardized. Nonetheless, dementia prevalence and incidence based on AOK
claims data fit well to national and international studies [8,45].

The outstanding advantage of this study was that the information about dementia stemmed from
medical records rather than death certificates. The majority of studies on seasonal mortality have
investigated dementia reported on death certificates, which suffer from a general underestimation
of dementia occurrence [46]. We avoided this disadvantage by using dementia as morbidity,
with diagnoses from the inpatient (general practitioners and neurologists/psychiatrists) and outpatient
sectors. To our knowledge, so far, only one study on heat-related mortality and dementia has used
diagnoses instead of certificates. This study used information from primary care only and was not
able to explore effects of residency [11]. We used regional temperature measures instead of national
measures to minimize misclassification of exposure. Further strengths of the current study were the
large longitudinal sample of more than 180,000 persons, including the institutionalized. There is no
bias in the results due to self-selection, selection by the health care provider, or the study design.
Using medical diagnoses also prevented recall bias by the patient.

In general, public health adaptation strategies should aim to develop and increase sensitivity
and consciousness regarding consequences related to extreme weather conditions. This includes
the reduction of exposure to extreme temperatures and the management of health risks particularly
for vulnerable people suffering from cognitive and physical impairment. The implementation of
emergency plans should organize behavioral rules, protective measures, and emergency services,
and should advise us on how to cope with excessive outdoor temperatures. Appropriate warning
systems should alert people with dementia and their formal and informal caregivers in a timely manner
on upcoming extreme weather conditions and temperatures. A regular evaluation and further research
should prove the effectiveness of such measures.

The focus of this study was on mortality with dementia and care need as an intervening factor.
Instead of a-priori defined criteria that are assumed to be relevant regarding seasonal mortality, future
studies may use data-driven approaches. Statistical learning methods, such as hierarchical cluster
analyses, may consider the whole structure and characteristics of the available data, and may lead to
more precise predictions regarding seasonal mortality. Such analyses may include all of the available
information in claims data (diagnoses, medication, care need, and procedures) as well as other external
data, such as data on air pollution, to get a better sense of the interaction between these factors.

5. Conclusions

This study found strong immediate effects of heat waves on the mortality of PwD. Cold waves were
risk factors for both PwD and PwoD. In addition, long-term care proved to be an essential intervening
factor. These results support the need for appropriate care and supervision for the vulnerable elderly
with impairments in activities of daily living, and even more for PwD, in order to enable them to
overcome the physical stresses affecting them during periods of extreme temperatures.
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