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A B S T R A C T   

Aims: We examined severe hospitalised hypoglycaemia (SHH) rates in people with type 1 and type 2 diabetes in 
Scotland during 2016–2022, stratifying by sociodemographics. 
Methods: Using the Scottish National diabetes register (SCI-Diabetes), we identified people with type 1 and type 2 
diabetes alive anytime during 2016–2022. SHH events were determined through linkage to hospital admission 
and death registry data. We calculated annual SHH rates overall and by age, sex, and socioeconomic status. 
Summary estimates of time and stratum effects were obtained by fitting adjusted generalised additive models 
using R package mgcv. 
Results: Rates for those under 20 with type 1 diabetes reached their minimum at the 2020–2021 transition, 30% 
below the study period average. A gradual decline over time also occurred among 20–49-year-olds with type 1 
diabetes. Overall, females had 15% higher rates than males with type 2 diabetes (rate ratio 1.15, 95% CI 
1.08–1.22). People in the most versus least deprived quintile experienced 2.58 times higher rates (95% CI 
2.27–2.93) in type 1 diabetes and 2.33 times higher (95% CI 2.08–2.62) in type 2 diabetes. 
Conclusions: Despite advances in care, SHH remains a significant problem in diabetes. Future efforts must address 
the large socioeconomic disparities in SHH risks.   

1. Introduction 

Hypoglycaemia represents a significant complication in people with 
diabetes associated with the loss of quality of life and an increased risk of 
mortality and morbidity [1–3]. Improving glucose control is a major 
cornerstone of diabetes management with maintenance of optimal blood 
glucose whilst avoiding hypoglycaemia being the goal. Most 

hypoglycaemia is mild and managed out of hospital but the rate of 
hypoglycaemia severe enough to warrant hospitalisation is an important 
population level indicator of diabetes management. 

Large scale studies in the past twenty years from England, Canada, 
the USA, Denmark, South Korea and elsewhere found that rates of 
hospitalised hypoglycaemia peaked around the years 2006–12 then 
declined in the years thereafter [4–12]. Many of these studies did not 
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differentiate rates in type 1 and type 2 diabetes or in different age or 
sociodemographic groups. In the past few years since these reports, 
there have been several changes in factors important to diabetes care. 
For type 1 diabetes (T1D), those included the increased adoption of 
basal bolus therapy, the decreased use of premixed insulins, particularly 
in younger people with diabetes, the use of novel basal insulins with a 
flatter basal profile, structured education for informed mealtime 
bolusing or the increased uptake of devices including insulin pumps and 
continuous glucose monitoring systems (CGM), used alone or in com
bination with insulin pumps [13]. For type 2 diabetes (T2D), changes 
included the availability of novel medication with improved pharma
cokinetics for effective glucose control with lower risk of hypoglycaemia 
like DPP4 inhibitors, GLP-1 agonists and SGLT2 inhibitors, as well as 
other initiatives such as more structured patient education. We previ
ously reported substantial reductions in HbA1c in those starting inter
mittently scanned glucose monitoring (or flash GM) after these became 
freely available in T1D through the national health system in Scotland in 
2018 and a reduction in severe hospitalised hypoglycaemia (SHH) in 
those with a history of SHH [14]. However, some studies have shown 
that the onset of the COVID-19 pandemic (March 2020) had a major 
adverse impact on diagnoses, as well as clinic attendance, self- 
management and monitoring in those with diabetes [15,16], while 
one study revealed no major changes in glycaemic control in people with 
T1D using flash glucose monitoring (FGM) [17]. 

The aim of this study was to examine current rates in SHH in the post- 
pandemic period in the total population of Scotland with diabetes and 
recent trends over the period 2016–2022. We examined rates in people 
with T1D and T2D separately and in age, sex and socioeconomic strata. 
We aimed to determine the extent to which SHH remains a major 
challenge in Scotland in this post-pandemic period, whether it affects 
certain population subgroups more than others and what the net effect 
of factors influencing SHH has been at population level in recent years. 
These data are important for identifying those most at risk so that 
appropriate educational and therapeutic approaches can be imple
mented and to inform future care models and policy on preventive 
strategies. 

2. Subjects, materials and methods 

2.1. Data sources 

Pseudonymised data from the Scottish Diabetes Research Network – 
National Diabetes Dataset (SDRN-NDS) cohort were used for this study. 
The SDRN-NDS is a comprehensive dataset that contains electronic 
health records from Scotland’s diabetes information system SCI- 
Diabetes for more than 99 % of individuals with diabetes in Scotland. 
Additionally, the SDRN-NDS is linked to hospital admissions and 
discharge data (Scottish Morbidity Record 01 from Public Health Scot
land) and mortality data from the National Records of Scotland (NRS). 
Detailed information regarding the SDRN-NDS and the process of data 
linkage has been described previously [18]. 

2.2. Study population 

The study period was 1st January 2016 – 31st October 2022. We 
included in the study population all individuals with T1D alive and those 
with T2D aged 20 and over and alive at any point during this period. 
Type of diabetes was that assigned by the clinician provided there was 
no contradictory evidence in the clinical record using the SDRN-epi type 
assignation algorithm [18]. An SHH event was defined for individuals in 
the study population as a hospitalisation or death involving any of the 
following ICD-10 diagnosis codes as the primary cause, on the hospital 
discharge summary or death certificate: E16.0 (Drug-induced hypo
glycaemia without coma), E16.1 (Other hypoglycaemia), E16.2 (Hypo
glycaemia, unspecified) or E15 (Nondiabetic hypoglycaemic coma; 
there were only 7 such events and we included them as all 

hypoglycaemia in a person with diabetes could be attributed to dia
betes). Additionally, an SHH event was also counted if any of the above 
codes were listed as a non-primary cause for the hospital admission or 
death, but the primary diagnosis for that event aligned with a hypo
glycaemic episode and was observable in our cohort. The list of selected 
ICD-10 codes is provided in the Supplementary Materials. 

The embarkation or observability status of individuals was defined 
using attendance of routine observations and receipt of prescriptions 
during the study period. If individuals became unobservable during the 
study period, they were censored on the date at which they first became 
unobservable. Thus, individuals were censored for end of study, end of 
observability, or death. 

2.3. Statistical analyses 

Using daily counts of admissions and numbers of people observable 
in the cohort, we calculated the crude yearly SHH event rate per 1,000 
person-years for 2016–2022 in people with T1D and T2D in Scotland, 
stratified by sex and age bands (T1D: <20, 20–49, ≥ 50; T2D: 20–59, 
60–74, ≥ 75). Age bands were based on the age of each person at the 
midpoint of their observability period. In addition, we conducted further 
analyses stratified by socioeconomic level using the Scottish Index of 
Multiple Deprivation 2020 (SIMD, quantiles from 1 to 5, Q1 corre
sponding to the most deprived individuals) based on the most recent 
postcode of residence [19]. In addition, an analysis of the electronic 
dispensing records from the Scottish National Prescribing Information 
System was performed to obtain the annual prevalence of use of CGM in 
people with type 1 diabetes from our cohort. To do so, we used the 
dm+d code “34865511000001109” for Glucose interstitial fluid detec
tion sensor, which includes CGM and flash monitors. We calculated the 
number of unique individuals with at least one dispensing record with 
this code during each year from 2017, the year that these devices 
became available from NHS in Scotland, to 2022. 

2.4. Modelling calendar time effect on severe hospitalised hypoglycaemia 

To formally estimate the variation in SHH across calendar time and 
sociodemographic strata, the R package mgcv was used to fit a gener
alised additive model (GAM) [20,21] with Poisson likelihood to the 
daily counts of SHH events from 1 January 2016 to 31 October 2022. 
The terms in the model were the intercept, sex, age band, and weekday 
versus weekend (as an indicator variable) as varying intercepts, a 
smoothed term for seasonality as a cyclic cubic spline fitted to the week 
of the hypoglycaemia event (encoded as an integer from 1 to 52), and a 
smoothed thin-plate spline for calendar time fitted to the calendar date 
in days. These smoothed terms were separately fitted for each age group. 
The logarithm of the daily population at risk was used as an offset. 
Details about the fitting of the model are provided in the Supplementary 
Materials. The graphical output from the model allows a visualisation of 
the best fit trend line for SHH event rate over time as a rate ratio (RR) 
relative to the long-term average. The confidence intervals (CIs) around 
the trend line can be used to evaluate the significance of rate differences 
between time points; if the difference is significant, the CIs will not 
overlap. 

All analyses were conducted using R 4.1. No imputation of missing 
data was required. 

3. Results 

A total of 36,091 people with T1D (75,968,727 person-days) and 
382,065 people with T2D (702,578,888 person-days) from the cohort 
contributed to the study for the period 2016–2022. There were 2,859 
and 4,276 SHH events observed in people with T1D and T2D, respec
tively. Among these people, 36 of those with T1D and 58 of those with 
T2D had a selected ICD-10 diagnosis code recorded as cause of death 
across this period, as explained above (see Materials & Methods). In 
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individuals with T1D, the number of unique individuals with at least one 
dispensing record for a glucose monitoring device continuously 
increased from 61 in 2017 (0.2 % of people observable that year in our 
cohort) to 12,303 (39.38 %) in 2019, and further to 21,900 (68.73 %) in 
2022 (Table S1). Only a small proportion of people with T2D were using 
a glucose monitoring device during the study period (less than 2 % in 
2022 at the highest level). 

3.1. SHH rates in those with type 1 diabetes 

3.1.1. Variation in SHH over time 
The crude annual rates of SHH per 1,000 person-years were at their 

lowest in 2020, rising again in 2021–2022 though to lower than pre- 
2020 (Table 1). A GAM adjusted for age band and sex confirmed an 
overall significant fall (p < 0.001). 

Fig. 1 shows the age stratum-specific estimate of the calendar time 
trend (shown by the solid line) and its confidence limits (shown by the 
coloured ribbon) from the GAM. The younger age band exhibited a steep 
drop to a low towards late 2020–early 2021 with rates rising somewhat 
again in 2021 and 2022 but staying below their previous highest value. 
However, this drop started before the pandemic onset; it was particu
larly steep during 2019. At the lowest point, SHH rates were approxi
mately 30 % below the long-term average. This represents a fall by about 
half from the peak observed prior to 2020. The age stratum-specific 
GAM confirmed significant change over time in the youngest age band 
(p < 0.001). The significant drop is also evidenced by the non- 
overlapping confidence limits at the 2020–2021 lowest point 
compared to pre-2020 values (Fig. 1). The GAM suggests a slow down
ward trend over time for people aged 20–49 and those aged 50 and 
above (Fig. 1). This slow decrease is significant for the people aged 
20–49 (p ≈ 0.013) but not for the older age band (p ≈ 0.059). 

Over the study period, there were 36 deaths in people with T1D with 
a selected ICD-10 code on the death certificate as previously detailed, 
with little variation in the counts per year and, in particular, no sub
stantial increase during the COVID-19 years 2020–21. 

3.1.2. Sociodemographic variation in SHH 
Table 1 shows highest SHH rates in those aged under 20 and lowest 

in those aged 20–49. There was no consistent sex difference across the 
years. The GAM yielded a non-significant 5 % higher rate in females (RR 
1.05, 95 % CI 0.97–1.13) across the study period. 

Fig. 2 indicates a markedly higher SHH rate in SIMD1 (most deprived 
quintile) in 2016 and for 2018–2022. The adjusted GAM across all years 
showed that SIMD1 was associated with SHH rates 2.58 times higher 
than SIMD5 (95 % CI 2.27–2.93). However, the data suggest that the 
difference between all quintiles decreased over time, indicating a nar
rowing of the socioeconomic differential. The crude rate ratio for SIMD1 
versus SIMD5 was 2.76 [2.00–3.79] in 2016 and 2.04 [1.42–2.93] in 
2022. 

3.2. SHH rates in those with type 2 diabetes 

3.2.1. Variation in SHH over time 
SHH rates in T2D were overall about 15 % of the rates seen in T1D 

(Table 2). The lowest yearly rates in those with T2D were reached in 
2020. An adjusted GAM found significant year-to-year variation (p <
0.01) but no consistent downward trend. 

Fig. 3 shows that SHH rates in people aged 20–59 fell from an early 
2019 peak to a 2020 low that preceded a new rise. At their lowest point, 
rates were approximately 20 % below the long-term average. This rep
resents a fall by about half from the highest level observed in 2019 and 
this difference is significant, as shown by the absence of overlapping 
between the confidence limits for these time points. The age-stratum 
specific GAM confirmed a significant variation over time compared to 
the long term average in people aged 20–59 (p < 0.01), although the 
observed fluctuations do not allow concluding in a general trend across 
the study period. There was no substantial change over time in rates in 
those aged 60–74 (Fig. 3) and this was confirmed in the GAM (p ≈
0.593). Finally, in those aged 75 and higher, an upward trend in rates is 
suggested between 2016 and late 2018, followed by a downward trend 
(Fig. 3). The GAM indicates however that variation over time in this 
group was not significant (p ≈ 0.054). 

Table 1 
Severe hospitalised hypoglycaemia event rates in people with type 1 diabetes in Scotland.  

Total SHH events/Person-years at risk (Crude SHH event rate per 1,000 person-years) 

Sex Age 2016 2017 2018 2019 2020 2021 2022  

All All 437/29860.92 
(14.63) 

455/30020.51 
(15.16) 

445/30240.19 
(14.72) 

464/30441.85 
(15.24) 

343/30685.79 
(11.18) 

391/30930.47 
(12.64) 

324/25811.32 
(12.55)   

<20 84/2798.75 
(30.01) 

88/3158.73 
(27.86) 

96/3542.13 
(27.10) 

115/3902.78 
(29.47) 

70/4288.31 
(16.32) 

74/4741.61 
(15.61) 

98/4252.93 
(23.04)   

20–49 167/15047.70 
(11.10) 

167/15142.54 
(11.03) 

152/15249.45 
(9.97) 

153/15326.87 
(9.98) 

118/15425.40 
(7.65) 

156/15494.20 
(10.07) 

117/12891.55 
(9.08)   

≥50 186/12014.48 
(15.48) 

200/11719.24 
(17.07) 

197/11448.62 
(17.21) 

196/11212.19 
(17.48) 

155/10972.07 
(14.13) 

161/10694.65 
(15.05) 

109/8666.83 
(12.58)   

Females All 203/13202.21 
(15.38) 

214/13275.16 
(16.12) 

209/13403.89 
(15.59) 

206/13520.27 
(15.24) 

178/13646.02 
(13.04) 

178/13751.99 
(12.94) 

137/11477.28 
(11.94)   

<20 36/1367.25 
(26.33) 

42/1526.71 
(27.51) 

53/1706.46 
(31.06) 

59/1879.98 
(31.38) 

40/2065.58 
(19.37) 

30/2281.76 
(13.15) 

47/2045.04 
(22.98)   

20–49 74/6506.63 
(11.37) 

73/6536.77 
(11.17) 

63/6582.52 
(9.57) 

64/6617.90 
(9.67) 

57/6647.52 
(8.57) 

65/6650.02 
(9.77) 

44/5526.09 
(7.96)   

≥50 93/5328.33 
(17.45) 

99/5211.68 
(19.00) 

93/5114.91 
(18.18) 

83/5022.39 
(16.53) 

81/4932.92 
(16.42) 

83/4820.22 
(17.22) 

46/3906.14 
(11.78)   

Males All 234/16658.71 
(14.05) 

241/16745.35 
(14.39) 

236/16836.31 
(14.02) 

258/16921.58 
(15.25) 

165/17039.77 
(9.68) 

213/17178.48 
(12.40) 

187/14334.04 
(13.05)   

<20 48/1431.50 
(33.53) 

46/1632.02 
(28.19) 

43/1835.67 
(23.42) 

56/2022.80 
(27.68) 

30/2222.73 
(13.50) 

44/2459.85 
(17.89) 

51/2207.89 
(23.10)   

20–49 93/8541.06 
(10.89) 

94/8605.77 
(10.92) 

89/8666.93 
(10.27) 

89/8708.97 
(10.22) 

61/8777.88 
(6.95) 

91/8844.19 
(10.29) 

73/7365.46 
(9.91)   

≥50 93/6686.15 
(13.91) 

101/6507.56 
(15.52) 

104/6333.70 
(16.42) 

113/6189.81 
(18.26) 

74/6039.15 
(12.25) 

78/5874.43 
(13.28) 

63/4760.69 
(13.23)  

Data for year 2022 available until 31 October. Age corresponds to the age at the midpoint of the observability period of people. 
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Fig. 1. Smoothed curves showing the relation between daily counts of severe hospitalised hypoglycaemia events and calendar time in people with type 1 diabetes in 
Scotland, stratified by age. Curves were fitted using a generalised additive model, adjusting for age, sex, seasonality, weekday/weekend, and Scottish Index of 
Multiple Deprivation (SIMD). Shaded ribbons represent the 95% confidence interval around the fitted curves. A rate ratio of 1.0 corresponds to the 7-year average 
within each age stratum. 
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Fig. 2. Crude severe hospitalised hypoglycaemia (SHH) event rates per year (95 % CI) in people with type 1 diabetes in Scotland between 2016 and 2022, stratified 
by Scottish Index of Multiple Deprivation (SIMD) quintile. 

Table 2 
Severe hospitalised hypoglycaemia event rates in people with type 2 diabetes in Scotland.  

Total SHH events/Person-years at risk (Crude SHH event rate per 1,000 person-years) 

Sex Age 2016 2017 2018 2019 2020 2021 2022  

All All 644/270132.39 
(2.38) 

630/275624.88 
(2.29) 

703/279959.53 
(2.51) 

680/283840.95 
(2.40) 

551/286172.57 
(1.93) 

590/287726.90 
(2.05) 

478/240098.93 
(1.99)   

20–59 69/65657.88 
(1.05) 

52/71916.75 
(0.72) 

85/78000.00 
(1.09) 

97/84023.65 
(1.15) 

64/89752.50 
(0.71) 

102/95921.07 
(1.06) 

67/84062.84 
(0.80)   

60–74 219/114002.58 
(1.92) 

216/117457.53 
(1.84) 

250/120311.18 
(2.08) 

238/122675.88 
(1.94) 

222/124437.09 
(1.78) 

258/125468.74 
(2.06) 

217/105163.84 
(2.06)   

≥75 356/90471.94 
(3.93) 

362/86250.60 
(4.20) 

368/81648.35 
(4.51) 

345/77141.43 
(4.47) 

265/71982.99 
(3.68) 

230/66337.10 
(3.47) 

194/50872.24 
(3.81)   

Females All 336/119666.75 
(2.81) 

311/121758.95 
(2.55) 

354/123215.67 
(2.87) 

333/124604.08 
(2.67) 

276/125476.61 
(2.20) 

288/126190.28 
(2.28) 

235/105375.44 
(2.23)   

20–59 43/27885.67 
(1.54) 

29/30550.66 
(0.95) 

47/33108.34 
(1.42) 

46/35635.06 
(1.29) 

32/38060.81 
(0.84) 

51/40906.14 
(1.25) 

32/36075.86 
(0.89)   

60–74 94/46026.06 
(2.04) 

96/47525.63 
(2.02) 

114/48790.02 
(2.34) 

94/49889.13 
(1.88) 

106/50835.84 
(2.09) 

112/51525.14 
(2.17) 

91/43386.99 
(2.10)   

≥75 199/45755.03 
(4.35) 

186/43682.65 
(4.26) 

193/41317.31 
(4.67) 

193/39079.89 
(4.94) 

138/36579.95 
(3.77) 

125/33759.00 
(3.70) 

112/25912.60 
(4.32)   

Males All 308/150465.64 
(2.05) 

319/153865.93 
(2.07) 

349/156743.86 
(2.23) 

347/159236.87 
(2.18) 

275/160695.97 
(1.71) 

302/161536.62 
(1.87) 

243/134723.48 
(1.80)   

20–59 26/37772.21 
(0.69) 

23/41366.08 
(0.56) 

38/44891.66 
(0.85) 

51/48388.59 
(1.05) 

32/51691.69 
(0.62) 

51/55014.92 
(0.93) 

35/47986.99 
(0.73)   

60–74 125/67976.52 
(1.84) 

120/69931.90 
(1.72) 

136/71521.16 
(1.90) 

144/72786.75 
(1.98) 

116/73601.24 
(1.58) 

146/73943.61 
(1.97) 

126/61776.85 
(2.04)   

≥75 157/44716.91 
(3.51) 

176/42567.95 
(4.13) 

175/40331.04 
(4.34) 

152/38061.54 
(3.99) 

127/35403.04 
(3.59) 

105/32578.09 
(3.22) 

82/24959.64 
(3.29)  

Data for year 2022 available until 31 October. Age corresponds to the age at the midpoint of the observability period of people. People under the age of 20 are excluded 
for type 2 diabetes. 
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Fig. 3. Smoothed curves showing the relation between daily counts of severe hospitalised hypoglycaemia events and calendar time in people with type 2 diabetes in 
Scotland, stratified by age. Curves were fitted using a generalised additive model, adjusting for age, sex, seasonality, weekday/weekend, and Scottish Index of 
Multiple Deprivation (SIMD). Shaded ribbons represent the 95 % confidence interval around the fitted curves. A rate ratio of 1.0 corresponds to the 7-year average 
within each age stratum. 
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Over the study period, there were 58 deaths in people with T2D with 
a selected ICD-10 code on the death certificate as previously detailed, 
with peaks in 2016 and 2019, due to higher numbers of deaths in people 
aged 60–74 years especially. The number of deaths during the COVID- 
19 years 2020 and 2021 was half the number of 2019. 

3.2.2. Sociodemographic variation in SHH 
Higher crude SHH rates were seen in the older versus younger age 

band in T2D and this was consistent across the study period. Females 
exhibited higher rates than males and this sex difference was seen across 
all years. The adjusted GAM yielded a significant 15 % higher female 
rate overall (RR 1.15, 95 % CI 1.08–1.22). 

Fig. 4 shows that SHH rates were overall highest in SIMD1; in the 
adjusted GAM across all years, SIMD1 was associated with SHH rates 
2.33 times higher (95 % CI 2.08–2.62) than SIMD5. This socioeconomic 
differential appears to have narrowed over time. The crude rate ratio for 
SIMD1 versus SIMD5 was 2.24 [1.65–3.03] in 2016 and 1.56 
[1.12–2.18] in 2022. 

4. Discussion 

4.1. Principal findings 

The key finding from this study is that there has been a substantial 
fall in SHH in younger people with T1D since prior to the COVID-19 
pandemic. Compared to the study period average, SHH rates in 
younger people with T1D fell by approximately 30 % during the 
pandemic. Rates in this group have risen since their lowest point during 
that period but remain well below rates seen in 2016–2018. Rates have 
also slowly decreased somewhat in middle aged persons with T1D, while 
there has been little change in the older group since 2016. In people with 
T2D, there is no evidence that rates of SHH have significantly improved 
since 2016 when looking at stratified data by age band. Although rates 
fell in people aged 20–59 and, to some extent, in those aged 75 and 
higher, overall there was no consistent downward trend. 

The other key findings are that there are very large socioeconomic 
differentials in SHH in both T1D and T2D with rates overall being more 
than double in the most versus least deprived quintiles of the population. 
This differential appears to have narrowed across the study period, 
however it remains substantial. We also note that females with T2D 
overall experience a modestly higher rate of SHH than males. The fall in 
SHH in people with T1D is encouraging, but hospitalised hypoglycaemia 
remains a substantial problem for people with T1D and T2D. 

4.2. Comparison with previous studies 

Several studies have reported on time trends in rates of severe 
hypoglycaemia in different countries though the only long term (>2 
years) time trend analyses we could find predated 2019. In Denmark, 
SHH decreased by 66 % for people with T1D and by 61 % for people with 
T2D between 2003 (approximately 10 and 0.8 episodes per 100-person 
years in people with T1D and T2D, respectively) and 2018 (approxi
mately 3.5 and 0.4 episodes per 100-person years in people with T1D 
and T2D, respectively) [5]. In South Korea, the incidence of severe 
hypoglycaemia events in people with T2D who visited the emergency 
department increased from 2002 to 2012 and then gradually decreased 
between 2012 and 2019. In 2019, the incidence rate was 4.43 per 1,000 
person-years of similar magnitude to what we observed [11]. An 
Australian analysis reported stable rates of SHH in T1D and declining 
rates in T2D in the decade up to 2019 [7]. In Germany, there was a rise 
in severe hypoglycaemia events between 2006 and 2011 followed by a 
decrease in 2016 [8]. 

The explicit focus of this work was to examine the population level 
rates of SHH to determine the level of ongoing need for further reduction 
in SHH and how this is distributed in various sociodemographic groups 
rather than a causal analysis of determinants of SHH. Although we 
cannot precisely discern the causes of the large fall in SHH in younger 
persons with T1D, it seems likely that this is in part due to the pro
gramme of nationwide access to flash monitors that started in 2018 with 
further impact of specific aspects of the COVID-19 pandemic in 2020 and 

Fig. 4. Crude severe hospitalised hypoglycaemia (SHH) event rates per year (95 % CI) in people with type 2 diabetes in Scotland between 2016 and 2022, stratified 
by Scottish Index of Multiple Deprivation (SIMD) quintile. 
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2021 or other factors. Consistent with this, we have previously shown 
that, at an individual level, intermittently-scanned CGM (iCGM) reduced 
SHH rates by 75 % in those with a history of SHH [14]. Other real world 
observational studies have also reported reductions in hypoglycaemia 
with flash monitors [22–27]. Data also suggest that the fall in rates 
among younger persons started before the pandemic onset, with notably 
a steep drop during 2019, which is consistent with the flash monitor 
rollout making a contribution to this decrease. The observed reductions 
in SHH rates align with the increasing prevalence of use of glucose 
monitoring devices from the end of 2017 (0.2 %) to 2019 (39.4 %) and 
further to 2022 (68.8 %) that we revealed using dispensing data of 
people with T1D in Scotland. While this does not prove causality, it is 
consistent with the idea that the use of these devices has contributed at 
least partly to the changes in SHH rates noted over the study period. 
There has been an uptick in rates for 2022 and further years of data will 
be needed to see if this now stabilises to a lower level than the pre- 
pandemic years. It will also be of interest to investigate the potential 
impact of the nationwide availability of the Freestyle Libre 2 in the UK 
from November 2020 on SHH rates. This device has glucose level alert 
functions and its use has been associated with improved low glucose 
metrics [28]. 

It is likely that there was an impact of the pandemic on reducing rates 
of SHH. However, if so, it would appear this had a greater impact on 
younger people with T1D and people aged 20–59 with T2D. Possible 
factors that may have contributed to the fall during the pandemic 
include greater parental supervision, ability to intervene early in a 
hypoglycaemic episode during lockdown, and altered eating or exercise 
or other altered behavioural patterns such as reduced alcohol intake. 
The data attest to the potential to improve SHH in young people greatly 
by better support systems. A study by Fernández et al. (2020) on the 
impact of COVID-19 lockdown on glycaemic control in Basque Country 
(Northern Spain) in people with T1D reported that mean glucose levels 
decreased and HbA1c declined during the lockdown period. They 
concluded that an improvement in glycaemic control after eight weeks 
of lockdown and that additional time for self-management could 
potentially contribute to the amelioration of glycaemic control [29]. 
Similarly, a systematic review by Eberle & Stichling (2021) found that 
glycaemic values significantly improved during COVID-19 lockdown in 
people with T1D, probably in association with positive changes in self- 
care and digital management of their diabetes. Regarding individuals 
with T2D, the authors reported a short-term deterioration in glycaemic 
parameters with an increase of HbA1c levels during lockdown. They 
note, however, that lockdown measures and restrictions were very 
heterogeneous depending on the country [30]. 

We noted important fluctuations in SHH rates across the study period 
in people with T2D, especially in those aged 20–59 and those aged 75 
and higher, without being able to attest that rates have been signifi
cantly reduced since 2016. This period has seen rapidly increasing 
therapeutic alternatives to insulin and sulphonylurea therapy in T2D 
that are expected to reduce SHH [1]. However, there has also been an 
increase in polypharmacy over this period that may have limited this 
progress [31,32]. Further work will ascertain individual level data and 
individual level predictors of SHH in this age group and the extent to 
which new treatments have been adopted, particularly in those with 
greater propensity to hypoglycaemia. 

We noted stark socioeconomic (SES) differences in SHH in both types 
of diabetes. This is consistent with other smaller studies [33,34] from 
other countries. This finding is of particular concern because we have 
also reported previously that individuals in lower socioeconomic groups 
have poorer glycaemic control [35], as well as higher rates of diabetic 
ketoacidosis [36]. Taken together, this suggests greater glycaemic 
variability, which has been linked to an increased risk of complications 
in diabetes [37]. It seems likely that a complex mix of factors will 
determine this SES disparity, including different levels of support, health 
care and structured education access and uptake, comorbidities, and 
concurrent medications. A simplistic interpretation that differences in 

purchasing power of health care and devices underlies this disparity is 
not appropriate, as health care is free at the point of access in Scotland. 
We have previously showed socioeconomic differences in early uptake 
of flash glucose monitoring devices and other insulin technologies, even 
when these are provided without cost in the health care system [14]. The 
data attest to the importance of a more nuanced understanding of the 
socioeconomic barriers to health care and support in future policies to 
reduce SHH beyond simply device provision. On a positive note, it is 
reassuring to observe a narrowing of the socioeconomic differential in 
our cohort for both diabetes types across the study period. It is also 
worth mentioning that SHTG (Scottish Health Technologies Group) 
guidance from 2022 included the importance of Equity of Access and 
highlighted the need for clinical care teams to ensure equal access to 
technologies. 

We noted that females had a 15 % higher rate of SHH in T2D, with a 
non-significant 5 % higher rate in females with T1D. The literature on 
sex differences in hypoglycaemia is sparse and conflicting with some 
small studies finding more SHH in boys than girls [38] with T1D or no 
difference [39], but other studies finding a female excess [40–42]. Our 
study is much larger than any in the literature with attendant great 
power to detect differences. Some studies have shown that C-peptide 
persistence is associated with a reduced risk of hypoglycaemia and is 
more common in males than females in T1D [43,44]. In addition, the 
menstrual cycle appears to interact with insulin sensitivity in some 
women, which could have an impact on the risk of hypoglycaemia [45]. 
Further research is needed to explore the gender differences in modifi
able predictors of hypoglycaemia to inform care models on how to 
reduce this imbalance. 

4.3. Strengths and limitations 

Major strengths of our study are the comprehensive capture of all 
hospitalised hypoglycaemia in more than 99 % of the population with 
diabetes, the contemporaneous nature of the data and the ability to 
describe important sociodemographic variation. A limitation of the 
study is that, as with many hypoglycaemia studies internationally, it 
focusses on hospital admissions for hypoglycaemic events. We do not 
have access to blood glucose data, home or ambulance managed events 
within the linked dataset though we hope to include this information 
available from SCI-Diabetes in future years. Only the most severe 
hypoglycaemia events require hospitalisation [46]; for example Villani 
et al. (2019) indicated that only approximately 50 % of individuals with 
severe hypoglycaemia required transport to the hospital, and that, of 
that group, 41.3 % were admitted to the hospital [47]. A questionnaire- 
based study of Canadian adults with T1D or T2D taking secretagogues 
alone or with insulin found higher than expected real-world incidence 
rates of severe and non-severe hypoglycaemia events [48]. However, 
SHH remains a useful barometer used by many countries of the overall 
burden of hypoglycaemia and the need for further initiatives to reduce 
it. Given the observational nature of our study, interpretations of the 
revealed trends should remain cautious and alternative explanations 
should be considered. The focus of this paper was on the overall burden 
of SHH at population level; further work will model and explore the 
determinants or factors associated with SHH using individual level data, 
including diabetes duration, HbA1c levels, use of glucose monitoring 
devices, insulin and other diabetes medication prescriptions. 

5. Conclusions and perspectives 

In this observational study, we have seen a substantial fall in hos
pitalised hypoglycaemia in type 1 diabetes since the period prior to 2020 
in younger people and a year-on-year decrease in middle aged people. 
The glucose monitoring devices have likely contributed to the reduction 
of SHH rates in these groups while the effects of the COVID-19 pandemic 
on SHH need to be better understood. However, it is of critical impor
tance that we continue to make advances to reduce rates further and that 

W. Berthon et al.                                                                                                                                                                                                                                



Diabetes Research and Clinical Practice 210 (2024) 111642

9

we address the lack of significant improvement in older persons with 
T1D. There is clearly scope for closed loop systems to reduce rates 
further, particularly in those most vulnerable, though additional evi
dence is required. Development of insulins with less hypoglycaemic 
potential is also important, as is improved education and better support 
systems for people with diabetes. In T2D, although we observed a sub
stantial fall in rates between 2019 and 2020 in people aged 20–59 and, 
to a lesser extent, in those aged 75 and higher, rates have risen again and 
there is no evidence of an overall progress since 2016. Given the 
changing demographics in many societies with a growing percentage of 
the population aged over 65 years, the risk of severe hypoglycaemia in 
the elderly needs to be addressed. Our data emphasise that there is an 
ongoing need to optimise drug therapy in this age group, and to enact 
policies that specifically target the reduction of SHH. Such policies 
might consider the role of polypharmacy in hypoplycaemia in the 
elderly and whether or not there is a case for increasing CGM use in older 
persons both with T1D and T2D in particular settings such as in nursing 
homes. It also emphasizes the need for maintaining a focus on patient 
education and ensuring equitable uptake of devices that have been 
shown to reduce SHH. Reducing the burden of SHH has broader public 
health implications, including the potential to improve the overall 
quality of life for individuals with diabetes and yield economic benefits 
by decreasing healthcare utilisation and associated costs. Further work 
will explore the individual determinants of SHH, including concurrent 
medications, devices, and multimorbidity in those with T1D and T2D, to 
better inform preventive policies. 
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