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Text S1. Assessment of covariates

Individuals participated in computer-assisted personal interviews and were given questionnaires
to assess their demographic/socioeconomic status and lifestyle (age, sex, education, physical
activity, alcohol consumption, occupational status, and smoking status); history of disease
(diabetes); and medication use (glucose-lowering medication). During the physical examination,
anthropometric measurements (height, body weight, waist circumference, and hip
circumference) were taken. Body mass index (BMI) was calculated by dividing weight in kilograms
by the square of height in meters, and waist-hip ratio was computed by dividing waist

circumference in centimeters by hip circumference in centimeters.

Alcohol consumption (g/day) was recorded by self-reported number of alcoholic drinks (beer,
wine, or spirits) consumed on the weekday and weekend previous to the examination day.
Through the self-reporting of leisure time spent on physical activity throughout both summer
and winter, physical activity levels in current analysis were categorized as low physical activity
(practically none), medium physical activity (about one hour per week, regular or irregularly), or
high physical activity (over two hours per week regularly). Occupational status was determined
as employed, self-employed, or in training, and unemployed/retired for those who were
unemployed, homemakers, or retired. Smoking was categorized as never smoking, former

smoking, and current smoking (including both regular and occasional smoking).

A standard OGTT was administered to those without a previous diagnosis of diabetes.
Participants were classified based on glucose tolerance status in accordance with the diagnostic
criteria established by the American Diabetes Association®. Normal glucose tolerance was

defined as fasting glucose <100 mg/dL or OGTT 2h glucose <140 mg/dL. Prediabetes was defined
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as isolated impaired fasting glucose (fasting glucose of 100-125 mg/dL), impaired glucose
tolerance (OGTT 2h glucose of 140-199 mg/dL), or a combination of both impaired fasting glucose
and impaired glucose tolerance. Diabetes was defined as self-reported physician-diagnosed
diabetes, the use of glucose-lowering medication, a fasting glucose =126 mg/dL or OGTT 2h
glucose > 200 mg/dL. Serum total cholesterol and high-density lipoprotein were measured using
the CHOL Flex and AHDL Flex (Dade Behring, Germany) in KORA F4, respectively; and using the
using GLU, LDLC, HDLC, and TRIG Flex assays on a Dimension Vista 1500 instrument (Siemens
Healthcare Diagnostics Inc., Newark, USA) or CHOL2 and HDLC3 on Cobas ¢701/702 instruments
(Roche Diagnostics GmbH, Mannheim, Germany) in KORA FF4, respectively?. High-sensitivity
C-reactive protein (hsCRP) was measured with nephelometric assay on a BN Il analyzer (BN Il

Analyzer, Dade Behring).
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Table S1. Measurement of biomarkers of glucose metabolism

Measurements

KORA F4

KORA FF4

Serum Fasting

Insulin

Serum Fasting

Glucose

HbAlc

HOMA-IR

Microparticle enzyme immunoassay by
electrochemiluminescence immunoassay on Cobas €602

(Roche Diagnostics GmbH, Mannheim, Germany)

Hexokinase method on Dimension RxL (GLU Flex, Dade

Behring, Deerfield, IL, USA)

Cation-exchange high-performance liquid
chromatographic, photometric assays on Adams HA-
8160 haemoglobin analysis system (Menarini
Diagnostics, Florence, Italy)

Computed as fasting insulin (ulU/mL) x fasting glucose

(mmol/L) / 22.5
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Solid-phase enzyme-labeled chemiluminescent
immunometric assay on Immulite 2000 (Siemens,
Erlangen, Germany) or electrochemiluminescence
immunoassay on Cobas €602 (Roche Diagnostics
GmbH, Mannheim, Germany)

Enzymatic, colorimetric method using GLU assay on
Dimension Vista 1500 (Siemens) or GLUC3 assay on
Cobas c702 (Roche)

Cation-exchange high-performance liquid
chromatographic, photometric assays on VARIANT II
TURBO Hemoglobin testing system (Bio-Rad
Laboratories, Hercules, California, USA)

Computed as fasting insulin (ulU/mL) x fasting

glucose (mmol/L) / 22.5



HOMA-B Computed as 20 x fasting insulin (ulU/mL) / (fasting Computed as 20 x fasting insulin (ulU/mL) / (fasting

glucose [mmol/L] - 3.5) glucose [mmol/L] - 3.5)
QUICKI Computed as 1/ (log10 [fasting insulin (uU/mL)] + logl0  Computed as 1/ (logl0 [fasting insulin (uU/mL)] +
[fasting glucose (mg/dL)]) log10 [fasting glucose (mg/dL)])

S8



Table S2. Nonlinear tests with likelihood ratio test.

Biomarkers P-value (LR-test)
Fasting glucose 0.785
2h glucose 0.416
Fasting insulin 0.415
HOMA-IR 0.422
HOMA-B 0.414
QUICKI 0.414
HbAlc <0.001

LR-test: likelihood ratio test.
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Table S3. Annual average temperature and annual temperature variability in Augsburg region

by calendar year

Year Annual average temperature (°C) Annual temperature variability (°C)
2006 8.70 8.05
2007 9.06 6.56
2008 8.76 6.81
2013 8.17 7.66
2014 9.59 5.98

Table S4. Association between temperature variability and HbAlc: segmented regression

results with a threshold at 7.5°C

%change (95% Cl)

Temperature variability < 7.5°C -0.76 (-1.61-0.10)

Temperature variability >7.5°C 6.71 (5.78-7.65)
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Figure S1. Exposure-response function of temperature variability and HbAlc
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Figure S2. Time trend in glucose metabolism biomarker in KORA F4
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Figure S3. Time trend in glucose metabolism biomarker in KORA FF4

S13



A. KORAF4 B. KORAFF4

QUICKI- -0.37 QUICKI- -0.36

HOMA-Beta- HOMA-Beta-

Corr

10 HOMA-IR-
.

0.0

I 05 Fasting insulin-
10

Corr
0.36 1.0
0.5
0.0

0.31 I 0.5
-1.0

HOMA-IR-

Fasting insulin-

2h glucose- 2h glucose-

Fasting glucose- Fasting glucose -

2h gllicose ' HOMA-IR ' QuicKI ' 2h glucose ' HOMA-IR ' QuickI
Fasting insulin HOMA-Beta HbA1c Fasting insulin HOMA-Beta HbA1c

Figure S4. Spearman correlations between glucose metabolism biomarkers in KORA F4 and FF4
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Figure S5. Spearman correlations between temperature variability, annual average temperature and air pollutants in KORA F4
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Figure S6. Estimation of percent changes in geometric mean of glucose metabolism biomarkers
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overweight.
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Figure S7. Sensitivity analyses: Estimation of percent changes in geometric mean of glucose
metabolism biomarkers with 1°C increase in temperature variability

S17



_\ _L
= =}

increase in temperature variability
)

OR (95% Cl) in biomarker per 1°C

N
o

Fasting glucose  2h glucose  Fasting insulin _ HOMA-IR HOMA-B QUICKI HbA1c
(2100 mg/dL) (2140 mg/dL) (>12.2 plU/mL) (>2) (<94.74) (<0.33) (239 mmol/mol)

Figure S8. Odds ratios for abnormal glucose metabolism biomarkers per 1°C Increase in
temperature variability

Note: "Abnormal" was defined by ADA or literature-based thresholds: fasting glucose (2100
mg/dL), 2h glucose (=140 mg/dL), fasting insulin (>12.2 ulU/mL), HOMA-IR (>2), HOMA-B (<94.74),
QUICKI (<0.33), and HbA1c (239 mmol/mol).
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