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Abstract

Objective: The activity of brown adipose tissue is sensitive to changes in ambient temperature. A lower exposure to cold could
resultin an increased risk of developing diabetes at population level, although this factor has not yet been sufficiently studied.
Design: We studied 5072 subjects, participants in a national, cross-sectional population-based study representative of
the Spanish adult population (Di@bet.es study). All subjects underwent a clinical, demographic and lifestyle survey, a
physical examination and blood sampling (75 g oral glucose tolerance test). Insulin resistance was estimated with the
homeostasis model assessment (HOMA-IR). The mean annual temperature (°C) in each individual municipality was
collected from the Spanish National Meteorology Agency.

Results: Linear regression analysis showed a significant positive association between mean annual temperature and
fasting plasma glucose (4: 0.087, P <0.001), 2 h plasma glucose (: 0.049, P=0.008) and HOMA-IR (5: 0.046, P =0.008)

in multivariate adjusted models. Logistic regression analyses controlled by multiple socio-demographic variables,
lifestyle, adiposity (BMI) and geographical elevation showed increasing odds ratios for prediabetes (WHO 1999), ORs 1,
1.26 (0.95-1.66), 1.08 (0.81-1.44) and 1.37 (1.01-1.85) P for trend = 0.086, diabetes (WHO 1999) ORs 1, 1.05
(0.79-1.39), 1.20 (0.91-1.59) and 1.39 (1.02-1.90) P = 0.037, and insulin resistance (HOMA-IR >75th percentile of the
non-diabetic population): ORs 1, 1.03 (0.82-1.30), 1.22 (0.96-1.55), 1.26 (0.98-1.63) (P for trend = 0.046) as the mean
annual temperature (into quartiles) rose.

Conclusions: Our study reports an association between ambient temperature and the prevalence of dysglycemia and
insulin resistance in Spanish adults, consistent with the hypothesis that a lower exposure to cold could be associated
with a higher risk of metabolic derangements.
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Introduction

Brown adipose tissue (BAT) has emerged as a thermogenic
tissue capable of energy combustion to generate heat via
uncoupling mechanisms (1, 2, 3).

Activation of human BAT could thus be expected not
only to increase energy expenditure, but to also improve
glucose homeostasis and insulin sensitivity by increasing
the oxidation of triglycerides and glucose as substrates.

BAT is activated by cold exposure (2, 3, 4, 5, 6, 7) and
associative studies have linked higher BAT activity with
leanness (1, 4, 8) and lower glycemia (8, 9) in humans.

Moreover, some recent key experiments have shown
that short-term cold acclimation under controlled
conditions can increase glucose disposal and insulin
sensitivity in healthy men (10, 11, 12) and in type 2
diabetes (DM) subjects (13), even in the absence of
significant weight loss. These data support a regulatory
role of BAT in glucose homeostasis and insulin sensitivity
in humans, as seen in rodent models (14).

Our group has previously reported a positive association
between ambient temperature and obesity in Spain (15). In
this new report, we aim to explore if there is an association
between the thermal environment and glucose metabolism
at population level even beyond the BMI.

Subjects and methods

The Di@bet.es study is a mnational, cross-sectional,
population-based survey that was conducted in 2009-
2010 (16). A cluster sampling design was used to select
participants to form a representative random sample of the
general non-institutionalized Spanish adult population.
The sample was randomly selected from the register of
the Spanish Health Care system, which attends more
than 99% of the Spanish population. In the first stage,
100 health centers or their equivalent were selected from
all around the country, with a probability proportional
to their population size, after which 100 individuals
aged >18 years were randomly selected from each health
center. Of the more than 10 000 eligible adults, 55.8%
attended for examination, of whom 9.9% were excluded
(institutionalized, severe disease, pregnancy or recent
delivery), resulting in a final sample of 5072 individuals
aged 18-93 years (41.6% men and 58.4% women).

The research was carried out in accordance with
the Declaration of Helsinki (2008) of the Word Medical
Association. Written informed consent was obtained from
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all the participants. The study was approved by the Ethics
and Clinical Investigation Committee of the Hospital
Regional Universitario de Maélaga (Malaga, Spain) in
addition to other regional ethics and clinical investigation
committees all over Spain.

Variables and procedures

The participants were invited to attend a single
examination visit at their health center. Information was
collected using an interviewer-administered structured
questionnaire, followed by a physical examination and
blood sampling.

Information on age, gender, educational level,
ethnicity, family history of diabetes and other socio-
demographic variables was obtained by questionnaire.
Food consumption was determined by a food frequency
questionnaire and adherence to a Mediterranean diet
was estimated by a validated 14-item Mediterranean diet
score (MedScore) (17). The level of daily physical activity
was estimated by the short form of the International
Physical Activity Questionnaire (SF-IPAQ) (18). Weight
and height were measured by standardized methods.
The BMI was calculated. Participants with baseline
capillary blood glucose levels lower than 7.8 mmol/L
(Measured by OneTouch® system, Lifescan, Johnson
& Johnson, S.A.) and not receiving treatment for DM
underwent a standard oral glucose tolerance test (OGTT),
obtaining fasting and 2-h venous samples. Samples were
immediately centrifuged and the serum was frozen until
analysis. Serum glucose was measured enzymatically by
routine automated methods. Serum insulin was measured
by immunochemifluorescence on an Architect 12000
Analyzer (Abbott Laboratories SA). The homeostatic
model assessment for insulin resistance index (HOMA-IR)
(19) was calculated. The diagnosis of DM and prediabetes
was based on the 1999 World Health Organization criteria
(20). Insulin resistance was considered if HOMA-IR values
were above the 75th percentile of the study populations
(excluding subjects with known DM).

The mean annual temperature (°C) data were obtained
from the website of the Spanish National Meteorological
Agency (21). We introduced more detailed information
than in our previous publication (15), this time assessing
the temperature data at each individual municipality
(rather than at the nearest mean meteorological station).
Geographical elevation (in meters) from each site was
also recorded.
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Statistical analysis

The study population was grouped into four categories
according to the quartiles of the mean annual temperature
at each municipality. The socio-demographic and lifestyle
characteristics of the study population as well as other
covariates of interest were determined in each quartile.
We used linear regression to test the association between
mean annual temperature (continuous variable) and
fasting plasma glucose (FPG), 2h plasma glucose and
HOMA-IR in multivariate adjusted models. We also tested
the association between mean annual temperature (in
quartiles) and the presence of diabetes, prediabetes and
insulin resistance in logistic regression models. Linear
and logistic regression models were adjusted for multiple
covariates (age, gender, ethnicity, education level, family
history of diabetes, MedScore and geographical elevation).
In two additional models, we sequentially added physical
activity (SF-IPAQ) and BMI to the multivariate models to
test their significance as mediators of the association. All
the covariates included in the models showed a significant
association with diabetes (P<0.05) in unilateral logistic
regression analysis. Geographical elevation was also
included as a covariate as it is associated with ambient
temperature, and previous studies have reported an
inverse association between diabetes and altitude (22).
Reported P values were based on two-sided tests with
statistical significance set at 0.05.

Results

Clinical characteristics of the study sample
according to ambient temperature

The study sample comprised 5072 individuals with a mean
age of 50.4 years (age range: 18-93 years). 57.1% were
female. Most of the population (93.2%) were of Caucasian
origin. Table 1 shows the clinical characteristics and the
distribution of the covariates in the sample classified into
quartiles according to the mean annual temperature of
the municipality of residence of the participants: Quartile
1 (mean annual temperature between 10.0 and 14.0°C),
Quartile 2 (mean annual temperature between 14.1 and
15.1°C), Quartile 3 (mean annual temperature between
15.2and 17.3°C) and Quartile 4 (mean annual temperature
between 17.4 and 21.3°C). There were small differences
in the age and sex structure of these groups. There were
also small differences in ethnicity and in the education
level structure, although no significant trend was found.
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The proportion of individuals reporting a family history
of diabetes increased as the ambient temperature rose (P
for trend <0.001). There were no significant differences
between groups according to adherence to MedScore,
whereas the proportion of sedentary population was
clearly higher in the warmest temperature quartile (55.2%)
than in the rest of the population (P for difference between
groups <0.001). BMI and the proportion of obese persons
also increased as the mean ambient temperature rose, as
did FPG, insulin levels and HOMA-IR. As expected, there
was an inverse relation between ambient temperature and
geographical elevation.

Association between mean annual ambient
temperature, FPG, 2 h plasma glucose and
HOMA-IR (linear model)

Table 2 shows the results of the linear correlations
between ambient temperature and glucose measurements
and HOMA-IR in various linear regression models. The
results showed a small, but highly significant positive
association between mean annual temperature and FPG in
multivariate adjusted models (g: 0.102, P<0.001), which
remained relatively unchanged after the addition of IPAQ
(p: 0.102, P<0.001) and BMI (#: 0.091, P<0.001) in the
models. The associations between ambient temperature
and 2h plasma glucose and HOMA-IR followed the
same trend (f: 0.063, P<0.001 and g: 0.070, P<0.001 in
multivariate models respectively) and were also relatively
unchanged with the addition of IPAQ (# 0.058, P<0.001
and g: 0.058, P=0.001 respectively), and mildly reduced
with the additional inclusion of BMI (5: 0.048, P<0.001
and p: 0.040, P=0.040).

Association between mean annual ambient
temperature and the prevalence of prediabetes,
diabetes and insulin resistance (logistic
regression model)

Table 3 shows the prevalence and the multivariate-adjusted
odds ratios (OR) for prediabetes, diabetes and insulin
resistance in the study population divided according to
their mean annual temperature quartile. The prevalence
and multivariate adjusted ORs of prediabetes increased
across the ambient temperature groups (ORs: 1.27
(0.97-1.67), 1.11 (0.84-1.47) and 1.56 (1.16-2.09) in
quartiles 2, 3 and 4 vs reference P for trend=0.014), which
were only modestly reduced after the inclusion of physical
activity (ORs: 1.27 (0.96-1.66), 1.12 (0.84-1.48) and
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Table 1 Clinical characteristics of the study sample according to ambient temperature quartiles. Data are presented as mean or

% and 95% CI.

Mean annual temperature P value for P value

Characteristics Quartile 1 Quartile 2 Quartile 3 Quartile 4 difference  for trend
Number 1308 1236 1397 1131
Age (years) 52.5(51.6-53.5) 51.1(50.1-52.0) 49.8 (48.9-50.6) 48.1 (47.1-49.0) <0.001 <0.001
Gender (female) (%) 55.5(52.8-58.2) 55.3(52.4-58.1) 57.3 (54.7-59.9) 60.8 (57.9-63.7) 0.023 0.005
Ethnicity (Caucasian) (%) 96.9 (95.8-97.7) 89.3(87.5-91.0) 91.2 (89.6-92.6) 95.6 (94.2-96.7) <0.001 0.275
Educational level (%)

No studies 13.8(12.0-15.8) 9.9 (8.3-11.7) 14.4(12.6-16.3) 13.9(11.9-16.1)

Basic 48.8 (46.0-51.5) 45.2 (42.3-48.0) 50.2 (47.5-52.8) 46.9 (44.0-49.9) <0.001 0.299

High school-college 37.4(34.8-40.1) 44.9 (42.1-47.7) 35.4(32.9-38.0) 39.1(36.3-42.1)
Family history of DM (%) 30.5(28.0-33.2) 33.1(30.4-35.8) 38.5(35.9-41.2) 43.4 (40.4-46.4) <0.001 <0.001
Mediterranean diet score 7.8(7.7-7.9) 7.8(7.7-7.9) 7.7 (7.6-7.8) 7.8(7.7-7.9) 0.392 0.278
Mediterranean diet score <7 (%)  20.7 (18.5-23.0) 19.7 (17.5-22.0) 24.0 (21.7-26.3) 21.1(18.7-23.6) 0.045 0.255
Physical activity (SF-IPAQ) (%)

Low 40.6 (37.9-43.3) 40.6 (37.9-43.4) 36.3(33.8-38.9) 55.2(52.2-58.1)

Medium 39.8(37.2-42.5) 39.5(36.7-42.3) 28.9 (26.6-31.4) 28.0 (25.4-30.8) <0.001 0.010

High 19.7 (17.5-21.9) 19.9(17.7-22.2) 34.7 (32.2-37.3) 16.8 (14.6-19.1)
Body mass index 27.9 (27.6-28.2) 27.7 (27.4-28.0) 28.2(27.9-28.4) 28.6 (28.3-28.9) <0.001 <0.001
Obesity (%) 28.7 (26.2-31.2) 28.2(25.7-30.8) 31.5(29.1-34.0) 34.3(31.5-37.2) 0.004 0.001
Fasting plasma glucose (mg/dL)*  93.4(92.5-94.3) 91.0 (90.0-92.0) 94.5 (93.2-95.7) 97.6 (96.4-98.8) <0.001 <0.001
2h plasma glucose (mg/dL)* 108.9 (106.0-111.8) 113.6(110.1-117.0) 111.2(108.0-114.4) 114.2(110.9-117.5) 0.089 0.059
Fasting insulin (uU/mL)* 8.4 (8.0-8.7) 8.6 (8.3-8.9) 9.0 (8.5-9.6) 9.2(8.8-9.6) 0.017 0.002
HOMA-IR* 2.0(1.9-2.1) 2.0(1.9-2.1) 2.2(2.0-2.4) 2.3(2.2-2.4) <0.001 <0.001
Geographical elevation (m) 543.1 (525.8-560.4) 442.4 (427.7-457.0) 178.3(166.4-190.2) 105.2(98.0-112.4) <0.001 <0.001

Quartile 1: 10.0-14.0°C; Quartile 2: 14.1-15.1°C; Quartile 3: 15.2-17.3°C; Quartile 4: 17.4-21.3°C.

#Subjects with known diabetes were excluded for the analysis.

1.48 (1.10-1.99) vs reference P for trend=P for
trend=0.029) and BMI (ORs: 1.26 (0.95-1.66), 1.08
(0.81-1.44) and 1.37 (1.01-1.85) vs reference P for
trend=0.086). The prevalence of diabetes also increased
as the temperature rose, showing a significant linear trend
in multivariate adjusted models (ORs: 1.08 (0.82-1.43),
1.33 (1.01-1.75) and 1.70 (1.26-2.29) in quartiles 2-4
vs reference P=0.001), and in multivariate+IPAQ (ORs:
1.06 (0.81-1.40), 1.33 (1.01-1.76) and 1.54 (1.14-2.09)
P=0.003), and in the complete multivariate model with
IPAQ and BMI (ORs: 1.05 (0.79-1.39), 1.20 (0.91-1.59),
1.39 (1.02-1.90) P=0.037).

Ambient temperature was also associated with
insulin resistance, with ORs of 1.11 (0.90-1.37), 1.24

(1.00-1.53) and 1.63 (1.30-2.04) and P for trend <0.001
in the multivariate model, with a modest decrease in the
association after the inclusion of physical activity (ORs of
1.10 (0.89-1.36), 1.25 (1.01-1.55) and 1.45 (1.15-1.82) P
for trend=0.001) and physical activity+BMI (ORs of 1.03
(0.82-1.30), 1.22 (0.96-1.54) and 1.26 (0.98-1.63) P for
trend =0.046).

Discussion

The results of this nationally representative
epidemiological study showed a positive association

between ambient temperature and measures of glucose

Table 2 Correlation between mean annual ambient temperature (°C) and fasting plasm glucose (FPG), 2 h plasma glucose

(2hPG) and HOMA-IR.

Crude Multivariate* Multivariate* + IPAQ Multivariate* + IPAQ + BMI
Correlation parameters S standardized P p standardized P p standardized P S standardized P
Mean annual temperature and
-FPG 0.095 <0.001 0.102 <0.001 0.102 <0.001 0.091 <0.001
-2hPG 0.020 0.257 0.063 <0.001 0.058 <0.001 0.048 0.010
-HOMA-IR 0.060 <0.001 0.070 <0.001 0.058 0.001 0.040 0.020

S standardized coefficients and P values were calculated by linear regression. Mean annual temperature was introduced in the model as a continuous

variable. Subjects with known diabetes (n = 480) were excluded for the analysis.

#*Multivariate model: adjusted to age, gender, ethnicity, education level, family history of diabetes, MedScore and geographical elevation.

BMI, body mass index; IPAQ, International Physical Activity Questionnaire (18).
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Table 3 Prevalence (%) and multivariate adjusted odd ratios (ORs) for prediabetes, diabetes and insulin resistance in the study
population divided according to mean annual ambient temperature quartiles.

Mean annual temperature P value for
Quartile 1 Quartile 2 Quartile 3 Quartile 4 trend
Total number 1308 1236 1397 1131
Prediabetes (WHO 1999)
Number 135 143 154 154
Prevalence (%) 10.3 11.6 11.0 13.6
OR crude 1 1.13 (0.88-1.46) 1.11 (0.86-1.40) 1.42 (1.10-1.82) 0.012
OR multivariate 1 1.27 (0.97-1.67) 1.11(0.84-1.47) 1.56 (1.16-2.09) 0.014
OR multivariate + IPAQ 1 1.27 (0.96-1.66) 1.12(0.84-1.48) 1.48 (1.10-1.99) 0.029
OR multivariate + IPAQ + BMI 1 1.26 (0.95-1.66) 1.08 (0.81-1.44) 1.37(1.01-1.85) 0.086
Diabetes (WHO 1999)
Number 176 162 213 174
Prevalence (%) 13.5 13.1 15.2 15.4
OR crude 1 0.99 (0.78-1.24) 1.17 (0.94-1.46) 1.23(0.98-1.54) 0.032
OR multivariate 1 1.08 (0.82-1.43) 1.33(1.01-1.75) 1.70 (1.26-2.29) 0.001
OR multivariate + IPAQ 1 1.06 (0.81-1.40 1.33(1.01-1.76) 1.54(1.14-2.09) 0.003
OR multivariate + IPAQ + BMI 1 1.05(0.79-1.39) 1.20(0.91-1.59) 1.39(1.02-1.90) 0.037
#Insulin resistance (HOMA-IR >p75 in subjects without known diabetes)
Number 248 249 294 286
Prevalence (%) 19.9 23.7 25.3 29.9
OR crude 1 1.11(0.91-1.36) 1.21 (1.00-1.47) 1.53(1.26-1.87) <0.001
OR muiltivariate 1 1.11(0.90-1.37) 1.24 (1.00-1.53) 1.63(1.30-2.04) <0.001
OR multivariate + IPAQ 1 1.10(0.89-1.36) 1.25(1.01-1.55) 1.45(1.15-1.82) 0.001
OR multivariate + IPAQ + BMI 1 1.03(0.82-1.30) 1.22 (0.96-1.54) 1.26 (0.98-1.63) 0.046

Multivariate ORs and P values were calculated by logistic regression. Multivariate model: adjusted to age, gender, ethnicity, education level, family history
of diabetes, MedScore, and geographical elevation. Quartile 1: 10.0-14.0°C; Quartile 2: 14.1-15.1°C; Quartile 3: 15.2-17.3°C; Quartile 4: 17.4-21.3°C.
#For this analysis subjects with known diabetes (n = 480) were excluded. The 75th percentile of the distribution of HOMA-IR in the study population

without known diabetes was 2.51.

BMI, body mass index; IPAQ, International Physical Activity Questionnaire (18).

metabolism, as well as the prevalence of prediabetes,
diabetes and insulin resistance in Spanish adults that
remained after the adjustment for multiple demographic
and lifestyle variables, BMI and elevation.

This study expands the data of a previous publication
of our group reporting the association between ambient
temperature and obesity (15) and suggests a potential
relation between the thermal environment and glucose
metabolism even beyond body weight. Although our
results cannot be interpreted as causal, the persistence
of an association after adjustment for physical activity
measurements and BMI leads us to hypothesize that a
potential explanatory mechanism for this association
could rely on differences in BAT activity sensitive to
changes in ambient temperature. In fact, it is well known
that colder ambient temperatures stimulate brown
adipose tissue (2, 3, 4, 5, 6, 7). Since BAT is capable of
disposing of large quantities of glucose and lipids (23,
24), activation of human BAT could thus be expected not
only to increase energy expenditure, but also to improve
glucose homeostasis and insulin resistance. Lee et al., in a
‘proof-of-concept’ study, showed that sequential monthly
acclimation in a temperature-controlled research facility,

modulated BAT reversibly and increased diet-induced
thermogenesis and postprandial insulin sensitivity of five
healthy men, in the absence of significant weight loss
(10). Accordingly, Chondronikola et al. studied seven BAT-
positive men and five BAT-negative men under thermo-
neutral conditions and after prolonged (5-8h) cold
exposure and showed that cold exposure significantly
increased resting energy expenditure, whole body glucose
disposal, plasma glucose oxidation and insulin sensitivity
in the BAT-positive group only (11). Iwen et al. exposed
15 healthy men to thermo-neutrality (22°C) and to
moderate cold (18.06°C) by the use of a water-perfused
whole body suit. Peripheral glucose uptake and insulin
sensitivity significantly improved by ~20% (12). Hansen
et al. reported an increase in peripheral insulin sensitivity
by ~43% in eight type 2 diabetes subjects after exposure to
10 days of cold acclimation (14-15°C) while body weight
was unaltered (13).

These data strongly support that moderate cold
exposure may exert anti-diabetic effects in humans via
activation of BAT activity. Our results are consistent with
this concept, supporting the hypothesis that a lower
exposure to cold could be associated with a higher risk
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of dysglycemia and insulin resistance at population
level, even after controlling for other demographic and
lifestyle factors and adiposity measurements. Strikingly,
the magnitude of the association we report in our study (a
nearly 40% increase in the OR for prediabetes and diabetes
and around a 25% increase in the OR for insulin resistance
in subjects exposed to the warmest temperature quartile
(17.4-21.3°C) compared to reference (10.0-14.0°C)), fairly
correlates with the magnitude of the increase in glucose
disposal and insulin sensitivity after cold acclimation seen
in previous experimental studies (10, 11, 12, 13).

Besides BAT, physical activity could be another
potential mediator in the association. In fact, previous
research has provided support that physical activity can be
influenced by the physical environmental characteristics
(25). Although in general a positive correlation between
outdoor temperature and physical activity has been
described, extreme heat has also been recognized as a
strong deterrent to outdoor activities (26). The proportion
of sedentary population in our study was clearly higher
in the warmest temperature quartile (5§5.2%) in which
median temperatures >25° and maximum temperatures
>30° during the summer months are common (21). This
could have led to more sedentary behavior, although the
influence of other cultural and/or educational factors
(besides ambient temperature) on these differences cannot
be discarded. The effect of this factor as a mediator in
the association between temperature and diabetes seems
however to be minimal in view of the small modifications
of the results after the adjustment of the data for the
physical activity measurements.

A negative relation between ambient temperature
and food intake has also been described, at least in
animal models (27). The results of the food frequency
questionnaire in our study showed no difference with
regard to adherence to a Mediterranean diet between
groups, so at least we can confirm that the diet
composition was very similar. It is noteworthy that this
factor, if anything, would have counter balanced the
effect of ambient temperature on diabetes outcomes.

Finally the progressive increase in the prevalence
of subjects reporting a family history of diabetes across
the temperature groups (Table 1) could even indicate
a genetic influence in the association. According to
the cold climate gene hypotheses, the adaptation to
chronic cold in ancient populations may have led to a
combination of genes to provide an additional survival
advantage, and may also have provided less susceptibility
to T2D and other metabolic diseases (28, 29). A recent
report has linked the FTO region (which harbors the
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strongest genetic association with obesity and diabetes),
with white adipocyte browning and thermogenesis in
humans (30) so that a temperature-gene interaction
cannot be discarded. We do not have data to confirm or
reject this hypothesis, but we are currently undertaking
further genetic studies to deepen our knowledge of these
associations.

We reviewed previous epidemiological
reporting associations between temperature and diabetes
outcomes and found two recent reports with results that
are in line with our data. Speakman et al. used county
level data for obesity and diabetes prevalence across the
United States and matched this to county level ambient
temperature data. Average ambient temperature explained
5.7% of the spatial variation in obesity and 29.6% of
the spatial variation in type 2 diabetes prevalence. Even
when correcting for obesity, poverty and race, ambient
temperature explained 12.4% of the variation in the
prevalence of type 2 diabetes (30). Accordingly, Blauw et al.
examined the association between outdoor temperature
and diabetes incidence in the USA as well as the prevalence
of glucose intolerance worldwide. The results showed
that for every 1°C increase in temperature, age-adjusted
diabetes incidence increased by 0.314 (95% CI: 0.194-
0.434) per 1000. Similarly, the worldwide prevalence of
glucose intolerance increased by 0.170% (95% CI: 0.107—
0.234%). These associations persisted after adjustment for
obesity (31). Remarkably, in our study, we were able to
replicate these previous results using individual level data
(rather than state level or country level) on weight, BMI,
FPG, 2hPG, insulin and a number of demographic and
lifestyle factors, along with the mean annual temperature
of the municipality of residence of each participant, which
probably allowed us to perform a more robust multivariate
adjustment of the data. It is well known that aggregate
data inference is especially prone to bias and confounding
(32). The individual data analysis we provide in our study,
probably provides greater evidence for the existence of a
true association between temperature and diabetes. As in
previous reports, the main limitation of this study lies in
the observational cross-sectional nature of the analyses,
so that we cannot establish causal associations or exclude
residual confounding.

In summary, this study reports an association between
ambient temperature and the prevalence of dysglycemia
and insulin resistance in Spanish adults, which is
concordant with the hypothesis that a lower exposure to
cold could be associated with a higher risk of metabolic
derangements. These findings emphasize the need for
further research concerning the effect of temperature on
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glucose homeostasis in humans, in the context of global
climate change and the present diabetes pandemic.
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